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Unit 1 Electrical Engineering and Electronics

Lesson 1 Overview of Electrical Engineering

Electrical engineers design systems that have two main objectives:

e To gather, store, process, transport, and present information.

e To distribute, store, and convert energy between various forms.

In many electrical systems, the manipulation of energy and the manipulation of information
are interdependent. For example, numerous aspects of electrical engineering relating to
information are applied in weather prediction. Data about cloud cover, precipitation, wind speed,
and so on are gathered electronically by weather satellites, by land-based radar station, and by
sensors at numerous weather stations. This information is transported by electronic communication
systems and processed by computers to yield forecasts that are disseminated and displayed
electronically“].

In electrical power plants, energy is converted from various sources to electrical form.
Electrical distribution systems transport the energy to virtually every factory, home, and business
in the world, where it is converted to a multitude of useful forms, such as mechanical energy, heat,
and light'.

No doubt you can list scores of electrical engineering applications in your daily life.
Increasingly, electrical and electronic features are integrated into new products. Automobiles and
trucks provide just one example of this trend. The electronic content of the average automobile is
growing rapidly in value. Auto designers realize that electronic technology is a good way to
provide increased functionality at lower cost.

As another example, we note that many common household appliances contain keypads for
operator control, sensors, electronic displays, and computer chips, as well as more conventional
switches, heating elements, and motors. Electronics have become so intimately integrated with
mechanical systems that a new name, mechatronics, is beginning to be used for the

combination®.

Electrical Engineering Application Areas

Next, we discuss the eight major areas of electrical engineering briefly.

(1) Communication systems transport information in electrical form. Cellular phone, radio,
satellite television, and the Internet are examples of communication systems. It is possible for

virtually any two people (or computers) on the globe to communicate almost instantaneously. A
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climber on a mountaintop in Nepal can call or send e-mail to friends whether they are hiking in
Alaska or sitting in a New York City office. This kind of connectivity affects the way we live, the
way we conduct business, and the design of everything we use.

(2) Computer systems process and store information in digital form. No doubt you have
already encountered computer applications in your own field. Beside the computers of which you
are aware, there are many in unobvious places, such as household appliances and automobiles!®.
A typical modern automobile contains several dozen special-purpose computers.

(3) Control systems gather information with sensors and use electrical energy to control a
physical process. A relatively simple control system is the heating/cooling system in a residence.
A sensor (thermostat) compares the temperature with the desired value. Control circuits operate
the furnace of air conditioner to achieve the desired temperature.

(4) Electromagnetics is the study and application of electric and magnetic fields. The
device (known as a magnetron) used to produce microwave energy in an oven is one application.
Cellular phone and television antennas are also examples of electromagnetic devices.

(5) Electronics is the study and application of materials, devices, and circuits used in
amplifying and switching electrical signals. The most important electronic devices are transistors
of various kinds. They are used in nearly all places where electrical information or energy is
employed.

(6) Photonics includes light generation by lasers and light-emitting diodes, transmission of
light through optical components, as well as switching, modulation, amplification, detection, and
steering light by electrical, acoustical, and photon-based devices. Current applications include
readers for DVD disks, holograms, optical signal processors, and fiber-optic communication
systems. Future applications include optical computers, holographic memories, and medical
devices.

(7) Power systems convert energy to electrical form and transmit energy over long
distances. These systems are composed of generators, transformers, distribution lines, motors,
and other elements.

(8) Signal processing is concerned with information-bearing electrical signals. Often, the
objective is to extract useful information from electrical signals derived from sensors.

New Words

electronically [ilek'tronikli] adv. B FHh; AHBETREE, HEFHIE

objective [ab'dzektiv] n. H¥r, HHE: (BMERD (B P8 [BIEE adi. B0
1) [EVE]RRY

gather [geeda] n. &, BE vi. £E, RE v [FRE, #E, BE, #ik
manipulation [ma.nipju’leifen] n. &b, #RAE, I, PIFH

interdependent [.inta(:)di'pendent] adj. #HEHH, H BT

prediction [pri'dik[an] n. Tii5F, ¥k



precipitation [prisipi'teifen] n. &€, FF/KE

land-based ['leendbeist] adj. DA g 3 Hb fr)

sensor ['sensa] n. fEE3%

disseminate [di'semineit] v. #Af

integrate ['intigreit] ve. fRCEEME, F—4k: K- v &&
functionality [fanka[a'neeliti] ThREME, Z etk

keypad ['ki:peed] n. X

chip [tfip] n. B : &M v HIEEE R, B O

intimately ['intimatli] adv. % {]Hs

briefly ['bri:fli] adv. B, &ZEH

cellular ['seljula] adj. 40

instantaneous [.instan'teinjos] adj. Baf), BIZIM), BREFHY
climber [klaima] n. B 1L B%HM

Nepal [na'po:l] n. BVH/R CGEHMEZFK)

hiking ['haikin] n. fE5RAT

Alaska [a'laeska] n. FURLETINM (EEM %)

connectivity [kenek'tiviti] n. JEiE M

unobvious [An'obvias] adj. A B, A EEH

thermostat ['Ba:masteet] n. HahAESS, BERTERE
conditioner [ken'difana] n. ATTE, WATEE

electromagnetics [ilektraumaeg'netiks] n. [ H %

magnetron [ maegnitron] n. BiHE

microwave ['maikreuweiv] n. ¥ (FKA 1 ZKE 30 FE KM B
antenna [een'tena] n. K&k

transistor [treen'ziste] n. fAAE

photonics [feu'toniks] [pl.] n. JeF2

diode ['daisud] n. K&

modulation [,modju’leif an] n. |

amplification [eemplifikeifan] n. K, ¥ 7: HiE, HK B BRAEHZK
steering ['stierin] n. ¥4\, HfE, HF

acoustical [o'ku:stik(a)l] adj. WiHtHI, 7524

holograph ['holeugra:f] n. SEECH: (] KERE: (] £EHE
fiber ['faiba] n. =fibre J&4F

bearing [beerin] n. Hlizk; XF&K; HH; BX:; i, JFfL

Phrases & Expressions

mechatronics  H1H—4&4k
cellular phone {H# = HL %



light-emitting diode (LED) &6 4%
Notes

[1] This information is transported by electronic communication systems and processed by
computers to yield forecasts that are disseminated and displayed electronically.

B XEERAT B FEE RENERAT BN, @i d R T4 5%
MR, MR RTHER .

Uil : that ZEARFHPE R KR RNAR G FREEEIENT, FEANAFEEE, RN
JeAT 1 & forecasts. PREMEEEMNAJREATHA BRI S, e FARBEEAR
BAHE . -

This is the house which we bought last month. X2 A1 4N H LH ¥ B F -

b, REMFEEEENGPAELERN, AAIEESE AR AT R —
. .

Is he the man that wants to see you? i 248 WARMI AN ?  (that 7E AP 4E 18 )

[2] Electrical distribution systems transport the energy to virtually every factory, home, and
business in the world, where it is converted to a multitude of useful forms, such as mechanical
energy, heat, and light. '

B ARG ERAMBMA LN T . KEMM, 7EHRE, fEEE
AR ER, blmEe. HEeRtaE.

UtEH: where fE AR RENAFEAR A 5| FIEREHEEBEBMNA, £XF “factory, home,
and business” HIMI NG . AEFREMEETE M AR SEATHEIIMINGEEE, i T HAS R
AMER, e5FRZREEHES s, W

The house, which we bought last month, is very nice. X#: 5 FIRER, R®RAMENH
EH .

FR: KFEMIA that FXRENE why AET| T EBR I 218N A].

[3] Electronics have become so intimately integrated with mechanical systems that a new
name, mechatronics, is beginning to be used for the combination.

FX: BT EENIMASZ R TS SE K, XMEEM—AFiaia NS,
Bl “HLe—4&4k”.

ULEH:  AAJE so...that.. AR5 | R L HFRIE N R), IR intimately, BB “
[l T BLZE Frooeses .

[4] Beside the computers of which you are aware, there are many in unobvious places, such
as household appliances and automobiles®!.

B HERZS, HEHEENH B2 AN AMERE AT, KA R
RE.

YiBA: AJ of which & “MMid+which” 4543, FIk5|S 21 M A& the computers;
f]9 such as 15K 5| Hi unobvious places [R5 .



RHEEIIFIRE. SENISA

FHECEOE R — ALY A E T XU OB, 133 IO 55 AR IR 1 B AR,
F 5 —FhiE SRR IR SCRIE R . X ESKIFE LARE T RIENAR, EfTIER
LR L, AREF N A B SOE S 1E RSO RE I s R IR 45 1R

1. BFEIPRHE

FHESEE SCERMFERGA T U “B%E. Wi, BAREERH” K= iR & .

B WA TEICAE, FEION HAER G IR SRS E X, EEERERAY) T
it SCH) AR FORE N, O BE G S22 TR SCH KU ISR

. IREONSE R E R ER, EEERSE, FEiEFIE.

BWAFEMR: FBHTRESUEREN, —eBARAMEXE LT LAE, FEEEE
R AEEIES . Bl

the fluid of electricity NiF{E “HHL”, TAREIFIE “HBARBN";

the electric resistance NiFfE “HIPH”, TAREEE “ BRI,

HE, CRBSE. Wi, TNARE IR X =T7 AR R AR AR SR A, FEERE
AREAERMS, WARZEREEIE, EAREIIRCHEERE, TRASEREEE A,
5 IR AE 3 0 XA P AR B S oL . B

(1) Force is any push or pull that tends to produce or prevent motion.

B8 R A IEE S AR T R R )RR .

R S RAET S T AR B B B e R

(2) The moment the circuit is completed, a current will start flowing toward the coil.

IE¥: B —BREGE, AR L.

WiF: HEPCEHIX—Z], AU IT UG R X AL .

2. BERERE

BEIRE - RFELSHEMR. L. B =ZAMB.

EREMEL: 7EHMRE SO, BN CEER 8, M UFERE, REHHHE
%, FEXRER, BEE46LTX, BAffEg.

iKMW ER: BLERBUMIGEES, BOCLHM T HRER A ERGR k.

BIMEL: ZM BT EEANEY B N A TR, A AR SR REUER G IR Hh R IR
JFAERZ, BXMESRERTME, BREFEIOEEEMIHR.

3. KT

B ROk BB %,

BEFEEA LR RCERS MR, fEEFERAF ERERNZRS) . REESGHE
RIS, RINCAG RS, Pl s SO IUE, RIEFF & IUEEEB R IR
#OAT LA HLV i B




K EOLT, BENSXEFHEERS), W

(1) The only forces between molecules are secondary bond forced of attraction. 43— [a] Mk
—HI RG] ST .

(2) One property associated with the glassy state is a low volume coefficient of expansion
ISR IE 2 — R—RETRIE IR R BRI

BIEPEEE TIHRIXAAEREAM B, AV T ROEXHFTHE. W

(3) If you know the frequency, you can find the wave length. MR AESE, AR H
B

(B TP AR I AR 22, T DGE T A8 A A, B3 A2 o el 0 A AR A1 4
X B Rg T A you.)

Lesson 2 Electric Circuit Parameters and Components

An electric circuit consists of various types of circuit elements connected in closed paths by
conductors!!). The purpose of electric circuits is to distribute and convert energy into some other
forms. Accordingly, the basic circuit components are energy source, energy converter and
conductors connecting them.

Electrical Current
Electrical current is the time rate of flow of electrical charge through a conductor or circuit
element. The units are amperes (A), which are equivalent to coulombs per second (C/s). The charge
on an electron is -1.602x10™"°C. If we obtain a record of the net charge as a function of time denoted
as q(?), the electrical current flowing through the element in the reference direction is given by
i(r) = d’;—(t’)
A constant current of one ampere means that one coulomb of charge passes through the cross
section of circuit element each second. Current flow is the same for all cross sections of a circuit

element. The current that enters one end flows through the element and exits through the other end'”.

Voltage

When charge moves through circuit elements, energy can be transferred. The voltage associated
with a circuit element is the energy transferred per unit of charge that flows through the element®’.
The units of voltage are volts (V), which are equivalent to joules per coulomb (J/C).

Voltages are assigned polarities that indicate the direction of energy flow. If positive charge
moves from the positive polarity through the element toward the negative polarity, the element
absorbs energy that appears as heat, mechanical energy, stored chemical energy, or as some other
form. On the other hand, if positive charge moves from the negative polarity toward the positive
polarity, the element supplies energy. Voltages can be constant with time or they can vary.
Constant voltages are called DC voltages. On the other hand, voltages that change in magnitude
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and alternate in polarity with time are said to be AC voltages.

Power

The basic unit of power is the watt (W), named after James Watt (1736-1819), who also
invented the steam engine. Because the circuit element’s current i is the rate of flow of charge
and the voltage v is a measure of the energy transferred per unit of charge, the product of the
current and voltage is the rate of energy transfer. In other words, the product of current and
voltage is power:

p=Vi

A positive value for p indicates that energy is absorbed by the element, and a negative value
shows that energy is supplied by the element. If the circuit element happens to be an
electrochemical battery, positive power means that the battery is being charged. In other words,
the energy absorbed by the battery is being stored as chemical energy. On the other hand,
negative power indicates that the battery is being discharged. Then the energy supplied by the
battery is delivered to some other element in the circuit.

Conductors

Charge flows easily through conductors, which are represented by lines connecting circuit
elements. Conductors correspond to connecting wires in physical circuits. Ideal conductors are
represented in circuit diagrams by unbroken lines between the ends of other circuit elements. The
voltage between the ends of an ideal conductor is zero regardless of the current flowing through
the conductor. When two points in a circuit are connected together by an ideal conductor, we say
that the points are shorted together. If no conductors or other circuit elements are connected
between two parts of a circuit, we say that an open circuit exists between the two parts of the
circuit™®). No current can flow through an ideal open circuit.

Sources

An energy source (a primary or secondary cell, a generator, and the like) converts chemical,
mechanical, thermal or some other form of energy into electric energy. Voltage sources and
current sources are two types of ideal sources in electrical circuits. An ideal independent voltage
source maintains a specified voltage across its terminals. The voltage across the source is
independent of other elements that are connected to it and of the current flowing through it. An
ideal independent current source forces a specified current to flow through itself. The current is
independent of the elements connected to it and of the voltage across it.

Resistors

The resistor is an electrical device whose primary function is to introduce resistance to the flow
of electric current. The magnitude of opposition to the flow of current is called the resistance of the
resistor. A larger resistance value indicates a greater opposition to current flow. The resistance is
measured in ohms. An ohm is the resistance that arises when a current of one ampere is passed
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through a resistor subjected to one volt across its terminals. In other words, for a resistor, resistance R,
the potential difference v across it when there is a current / through it is given by:
v=Ri
The various uses of resistors include setting biases, controlling gain, fixing time constants,

matching and loading circuits, voltage division, and heat generation.

Capacitors

Capacitors are constructed by separating two sheets of conductor, which is usually metallic,
by a thin layer of insulating material. The insulating material between the plates, called a
dielectric, can be air, paper, glass, mylar, mica, or other nonconductive materials.

Suppose that current flows downward, as electrons move upward, they collect on the lower
plate of the capacitor. Thus, the lower plate accumulates a net negative charge that produces an
electric field in the dielectric. This electric field forces electrons to leave the upper plate at the
same rate that they accumulate on the lower plate. Therefore, current appears to flow through the
capacitor. As the charge builds up, voltage appears across the capacitor. We say that the charge
accumulated on the plate is stored in the capacitor. In an ideal capacitor, the stored charge ¢ is
proportional to the voltage between the plates:

q=Cv

The constant of proportionality is capacitance C, which has units of farads (F). Farads are

equivalent to coulombs per volt.

Inductors
An inductor is constructed by coiling a wire around some type of form. Current flowing through
the coil creates a magnetic field or flux that links the coil. When the current changes in value, the
resulting magnetic flux changes. According to Faraday’s law of electromagnetic induction,
time-varying magnetic flux linking a coil induces voltage across the coil. For an ideal inductor, the
voltage is proportional to the time rate of change of the current”®. Furthermore, the polarity of the
voltage is such as to oppose the change in current. The constant of proportionality is called inductance,
usually denoted by the letter L. In equation form, the voltage and current are related by
di
v (t) =L 5

Inductance has units of henries (H), which are equivalent to volt seconds per ampere.
New Words

parameter [pa'reemita] n. S8, S8 <O>EREEHRIFE

ampere ['zempia] n. [H] %5

conductor [kan'dakta] n. 8T, &£, T4k EHE

converter [kan'va:ta(r)] n. YT, (KX b, sy, LHedy, RS
coulomb ['ku:lom] n. [H]FES (HEHRAT)



joule [d3u:l] n. ££H

polarity [pau'leeriti] n. H:

magnitude ['meegnitju:d] n. K/, #E: BX, 7K BH
alternate [0:I'ta:nit] adj. 228, UM &M v. &, Bl &
electrochemical [ilektrau'kemikal] adj. HLS L2~
unbroken ['An'brouken] adj. RN, TEEEMN; DREEH
thermal [Ba:moal] adj. #i), HEH

resistor [riziste] n. HIPHZY

opposition [opa'zifen] n. JXf; O ARG ROMIR

ohm [aum] n. Fk##

bias [baies] n. M., W¥E: WiE: Wk

matching ['meetfin] ». JCAC

loading [laudin] n. %%, 1A

fixing [fiksin] n. [, fa[H; ®&: <3, B8 We
capacitor [ko'paesita] n. (=capacitator) HIZ 2%

metallic [mi'teelik] adj. &J& (1) 1

insulating ['insjuleitin] adj. 4%kt

dielectric [daii'lektrik] n. B/, #4545 adj. FEfEFTER
mylar ['maila:(r)] n. S fE

mica [maike] n. =}

nonconductive [nonkan'daktiv] adi. TMES 1, 4541
proportionality [pre.pa:[a'neeliti] n. tufi (PE), g (M), HFK
capacitance [ka'peesitens] n. &AE, HAE

inductor [in'dakta] n. XN 2%

flux [flaks] n. Wi, EE

inductance [in'daktons] n. &N R %, HIEN

Phrases & Expressions

electrical current  Hiji

be equivalent to AHX4F+--+-- s Beswess e

net charge Ft HiLfnf

reference direction Z7% Jj [f]

constant current {5 & FL L

~ positive charge 1EHLfT, [FHHL{T

negative polarity Ak

DC or dc = Direct Current ELiLHL

AC or ac= Alternating Current AZ it Hi

watt[wot] n. FUAF (1736—1819, [ TR, KIAZK)



