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Alternating Current

i

There are two types of currents: direct current (DC) and alternating current (AC). In direct
current electricity, electrons flow continuously in one direction from the source of power through
a conductor to a load and back to the source of power. In alternating current, the direction of
current, or the polarity of voltage, reverses many times a second. Electrons will flow through a
conductor from the negative terminal to the positive terminal, first in one direction then another.
In most AC utility circuits in the United States, it happens 60 times per second..

‘Ina penodlc AC wave, the current or voltage, as a function of time, cycles back and forth. ' The
length of time between a specific point in a cyclé and the same point in the next cycle is called the
period of the wave (Fig.1-1). There are two axes. The vertical axis represents the direction and
amplitude of current or voltage. The horizontal axis represents time. When the waveform is above the
time axis, current is flowing in one direction. This is referred to as the positive direction. When the
waveform is below the time axis, current is flowing in the opposite direction.

l Period I Period

|l [ | - : : | Time

Amplitude
Fig. 1-1 A sine wave

"The period of an AC wave, usually defined in seconds, is denoted by the uppercase
italicized letter 7. The frequency, denoted by the lowercase italicized letter £, of a wave is the
number of cycles per second. Mathematically, we can state the relationship between 7 and f as
either of the following two equations:

T 4
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f=ur
T=1/f
The standard unit of frequency is the hertz (Hz), which represents one complete AC cycle
per second. ! Higher frequencies are given in kilohertz (kHz), megahertz (MHz) or gigahertz
(GHz). The relationships are:
1kHz = 1000 Hz
1MHz = 1000 kHz = 10°Hz
1GHz = 1000MHz = 10°Hz
Sometimes, the frequency of an AC wave is expressed in degrees per second rather than in
hertz, kilohertz, or megahertz. *! Because there are 360° in one cycle, the angular frequency of a
wave, in degrees per second, is 360 times the frequency in hertz. ] Angular frequency can also
be expressed in radians per second. There are 2w radians in a complete cycle of 360°, so the
angular frequency of a wave, in radians per second, is equal to 2z times the frequency in hertz.
The classical AC wave has a sine-wave, or sinusoidal, shape. The waveform in Fig. 1-1 is a
sine wave. Other common AC waves include square waves, triangular waves, sawtooth waves,
etc. Any AC wave that consists of a single frequency has a perfect sine-wave shape. In practice, a
wave can be so close to a sine wave that it looks exactly like the sine function on an oscilloscope,
when in fact it is not. ! (An oscilloscope shows time on the horizontal axis and amplitude on the
vertical axis, and it displays amplitude as a function of time.) Utility AC in the United States has
an almost perfect sine-wave shape, but it isn’t perfect.
The amplitude of an AC wave can be expressed in amperes (for current) or volts (for voltage).
The peak amplitude is the maximum value of a sine wave. The peak value of a sine wave occurs
twice each cycle, once at the positive maximum value and once at the negative maximum value. In
some AC waves, the positive and negative peak amplitudes are the same, but sometimes they differ.
Alternating current and voltage are constantly changing values. Sometimes it is necessary to
express the effective amplitude of an AC wave. This is the current or voltage that a DC source would
be required to produce for the same general effect. /) The most common specification is the
root-mean-square (RMS) value. For a perfect sine wave without any DC component, the RMS value
is equal to 0.707 times the peak amplitude. For a perfect square wave with no DC component, the
RMS value is the same as the peak amplitude. Calculating the RMS value for irregular waves or
composite AC/DC current can be more complicated. Fig. 1-2 shows an example composite AC/DC
sine wave resulting from 117 volts RMS AC in series with 200 volts DC. The DC component is
shown by the straight, dashed line, and the AC component is shown by the sine wave.

Voltage
500

AC Component

400
DC
omponent

300

200 fm=——= A= ——m—fmmm kL m

100

0 Il 1 1 1 ) Time

Fig. 1-2 A composite AC/DC sine wave



EJJJ New Words and Phrases

current

alternating current (AC)
direct current (DC)
electron

continuously

source

power

conductor

load

polarity
reverse
negative
terminal
positive
utility
sine wave
periodic
function
back and forth
axis
vertical
amplitude
horizontal
waveform
refer to as
denote
uppercase
italicize
frequency
lowercase
state

hertz (Hz)
kilohertz (kHz)
megahertz (MHz)
gigahertz (GHz)
angular

['karant]

[i'lektran]

[kan'tinjuasli]

[s2:5]
['paus]
[kan'dakta]
[laud]

[pau'laerati]
[ri'va:s]
['negativ]
['ta:min(3)I]
['pozitiv]
[ju:'tiliti]

[ipiari'adik]
['fankfan]

['=ksis]
['v3:tik(3d)I]
['®mplitju:d]
['hori'zontal]
['weivf>:m]

[di'naut]
['Apa'keis]
[i'telisaiz]
['fri:kw(a)nsi]
[laua'keis]
[steit]

[ha:ts]
['kilaha:ts]
['mega,ha:ts]
['d3iga,ha:ts]
['ngjula]
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T TISSER DT
adj. ZHIH; FATH)
A Vit HL

HitH

n. ¥

adv. FEEEAWHE

n P&, HIE

n. EE;%’ I]fl%: EEjJ
n. 3k

n. B, fifr; THERE; REE
vi. INE; FeEk; Bt
vt. fE4EF; $eHE

n. Htk

vt. 3%

adj. i)

n. A

adj. 1EH

n. AR

IR

adj. AR &R
n. Difg; R

Relal kb, & Hh

n. B [ 2% axes]

adj. TEHT)

n. (ZHERD WRE; IRIE
adj. 7KFH]

n. W

?E...ﬁ'{ﬂ':‘...

vt. RN

adj. KEFEEHH

vt. 18- HEBRME

n. HE

adj. NEFEER

vt. MRk BE; A
n. BHZK; M RE
n. W%
n. Tk
n. JEik
n. TIkHk
adj. fil¥)
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radian ['reidian] n. JREE
sinusoidal [isaina'saidal] adj. 1E5%HZH)
square wave Wb
triangular wave =AW
sawtooth wave BRI
consist of 22 RELEEE 20
exactly [ig'zaektli] adv. YBIFH; IER; Kffidh; Ef
oscilloscope [>'silauskaup] n. N
ampere [[@mpea] n. &i
volt [vault] n. R¥F
voltage ['vaulteids] n. Bk
peak [pi:k] adj. Br); BOKAER
n. WEH
occur [a'ka:] vi. KA; W F14E
- maximum ['maeksimam] n. BAHE
adj. BKI); Bl
differ ['difa] vi. F5
component [kem'paunant] n. 4y A o
composite ['kompazit] adji. BHW; BT
effective [i'fektiv] adj. B
specification [.spesifi'keifan] n. BRI
root-mean-square (RMS) B
be equal to FT
calculate ['kaelkjuleit] vi. iH8; DR fEHTHE
vt WE T A TE
irregular [i'regjula] adj. AN
_in series R
dashed line yBlES7

Q;
=5
an @EED

[1] In a periodic AC wave, the current or voltage, as a function of time, cycles back and
forth. »
TERMMERAZ R BT, BREEE, fEAREK RS, HRER.

& ) NVEERYE B SO MR X as a function of time K&, FH “4ER
AR IR %L 7. cycle BhiAl “HEER 7,

[2] The standard unit of frequency is the hertz (Hz), which represents one complete AC
cycle per second.

WEKERALRMZZ (Hz). 1 HERREH— A TR B

@ which represents one complete AC cycle per second JEPR % P 52 78 MAJ, 151 the hertz
(Hz). FBEIDGESIM, BER, 7T “1H2%"7.

[3] Sometimes, the frequency of an AC wave is expressed in degrees per second rather than
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in hertz, kilohertz, or megahertz.

i, LHABBEHIRER BB RR, MARME. THEIEH.

& ._rather than... # WAJEL, TR “oeeooe AR 0070

[4] Because there are 360° in one cycle, the angular frequency of a wave, in degrees per
second, is 360 times the frequency in hertz.

B —AN AR 24 T 3600, BrLLRTERI MR (B/AP) T 360 FeLIFAR (Hfzk).

& AA)FE 2 the angular frequency of a wave, in degrees per second & &Ei&. 360
times the frequency in hertz "] times 24 AR “f54, F”, SN “BIHETEELH—
W HBCA RN R ) RERIE” — T,

[5] In practice, a wave can be so close to a sine wave that it looks exactly like the sine
function on an oscilloscope, when in fact it is not.

kb b, BORWRMIE LRI, B H B RRMEZ R EE—HF, Rl

fEE AR IE LB -
@® so ... that ... WHAA, EER @it DB BERARYE R A) A A E B
HRE T E

[6] Sometimes it is necessary to express the effective amplitude of an AC wave. This is the
current or voltage that a DC source would be required to produce for the same general effect.

A I A BRI AT BT A AAE, A REAS 2 AR (R D 2 1) LU H R 1 LU R
L

@ Itisnecessary... ' WAJAY, WILAER “AU0Z0, FAbE----- y weeees RWLER”, B
f1)9 i) This fSHEHT—F) ) the effective amplitude of an AC wave, that a DC source would be
required to produce for the same general effect #& % i M\ f1] , {511 the voltage or current. for the
same general effect i H [FIIRi%E

MEAETE—RRRENEERE

WAL IR R TR GE Kk, UIRIARI S ERMHL h E, EEEUH
SCREHYE, AAEREENREEMXREW AL SERT. MAEES K¥EHEEH
BHA R A AE— L3200, Bln. BHEIGEPEARNS OE. EiEHE, SWEEH
FTRNAT . THRMBEGENESHOA T AN MERREE.

—. XEFERRZENE

(HARIEIETEED (A Grammar of Contemporary) 7EWREHETEER R Y, KEMHH4

W 45H (Nominalization) RFHHZIETE KR iz —. BARM OB RIT SCHRRE . RIAK
M. WEFHY. FEEX, BRFFERFEMIEEATH.

1. The rotation of the earth on its own axis causes the change from day to night.

RS B, FIRERIARLL.

& A A) S 44 A4k 45 84 the rotation of the earth on its own axis 1 & & A fai b B {7 B
A, T ELAE R AR SE A V)™

2. Television is the transmission and reception of images of moving objects by radio waves.

P PR i TC 2 FEL U RS BT Sh A R ) B4R

& KA)h 4445 the transmission and reception of images of moving objects by
radio waves SRR WIS, 101515 N3 B IR AN AL .
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—. [NiZER#hE

WIEST, FHEEERIEEEDL =02 —REEE . XEF AR CE M RS
o, WA, B BOAREALE, SEREWRKKEDS. FBREEAS
SANRBUR, KAESNES. Wi, BEEESREEGRE, BAEXRERS, Xt
[z A& EEE A .

3. Attention must be paid to the working temperature of the machine.

24 LA I T AR .

& 1fR/>{i: You must pay attention to the working temperature of the machine fR474%
S AR ) AR AL .

4. Electrical energy can be stored in two metal plates separated by an insulating medium.
Such a device is called a capacitor, or a condenser, and its ability to store electrical energy
capacitance. It is measured in farads.

FLRE AT REAFTE B — 285 BRI PY ER SR ARAR N . IXFEBRBERRZ N A%, HAk
BB PR A . LA IR & AT R v

& X—BESCP &R TES R Electrical energy, such a device, its ability to store
electrical energy, It (A capacitor). EfIEAE TERZHELE, HFHATRAEHAE, JEF
BH. WAEETEAR, BT RHER, EER, BRUY. SNBSS TR
R

=. EPREGDIE

PHCOCERESRATICM %R, S5MR%, i, AR 2w A v AR 2 18 M A BRTE A
7] EAAREAEERE SN MAia+sh 4 AR EAE e BN AERIE . KRR
Garr)T, NHEEH. fi.

5. A direct current is a current flowing always in the same dlrectlon

LU LR — AR W R T [ sl Y R -

6. Radiating from the earth, heat causes air currents to rise.

Bl ERIRSS ORI, RS T
7 Vlbratmg objects produce sound waves, each vibration producing one sound wave.
YWiRIRE AR, RIS AN
8. In communications, the problem of electronics is how to convey information from one
place to another.

FEEIRARG S, TR SR G B — N T d 2] 5 — AN s .
M. REEE

KB G BB RRIBSCRERR R —. W RS DTF Hf: AMREEEE.
HRARERAEERE. BAEE. 2WAEE. EiENaEE.

9. A call for paper is now being issued.

AESE TR SCHIE SN E R SE & o

10. In this factory the only fuel available is coal.

%) ME— AT O RORLR 1 .

11. The force upward equals the force downward so that the balloon stays at the level.

W_EE 50T RS, VSRR X — .

12. The heat produced is equal to the electrical energy wasted.

FAERRESE TR T KB EE.
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13. During construction, problems often arise which require design changes.

FERE TR, W LR B A vt 1 i)

14. The molecules exert forces upon each other, which depend upon the distance between
them

S TREMAAEEA A OM, 2 RN T ST R B

h. EE9E

PHECE P FE A AE TR E MR, TR SO X T HAb SCAR fidRE . B
Wl It.. that.. G5H )Y, BEEhASEMAIRL, ARSI A, BIRASHARE, a5,
2T

15. It has been proved that induced voltage causes a current to flow in opposition to the
force producing it.

CUEH, BN A FRR 0 77 ) 5 7 A AL RS 7 7 T AR A

16. It was not until the 19th century that heat was considered as a form of energy.

HEH L AIANRBIRE R R —FE .

17. Computers may be classified as analog and digital.

EBURT 2 AU AR B HLPIR

18. Microcomputers are very small in size, as is shown in Fig. 5.

Wk 5 frs, WA EHUARRIR .

19. All substances, whether gaseous, liquid or solid, are made of atoms .

—UI, ARRESE. WA, ERES, bR AR

7~ KA

AT RB-ANRRME, HBR™F, SHEE MEXEPEEHRFZ KA,
—HEREAST =N EZE AN AN ARKAZEE/\ 40, FlajEs.

t. EAASRET

KEMHRE G 59808 2RI CENFRZ —, BN ZMXGAHAE RKER 2
WA

feedback Rt (Wi A E4 )

on-and-off-the-road ~ BETHIEREF B (2 &L AR

radiophotography ~ T HfEH (BEFMREA)

semiconductor FF&  (JRAI])

electromechanical ~ HLEER  (YRAIH])

i F 4w ) «

lab (laboratory)  SEIGE

ft (foot/feet) TR

Ib (pound) B

rpm, r.p.m (revolutions per minute)  ¥%/43

I/O (input/output)  Hi /%

AC (alternate current)  ACUiLHE

DC (direct current)  FL#iH

emf, e.m.f. (electromotive force)  HLZHH

GND (ground)  #Hh 5

FAQ (Frequently Asked Questions) 7 L jn] @
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CPU (central processor unit) ~ H AbH 3%
Fig. (figure) &

Eq.(equation) 23, Fi
E-mail(Electronic mail)  H,F {4

1.€.

B

e.g. (for example) i

etc: 1o

o

vs (versus)  o-Xfees, et

§ ./: | Exercise
m True or False.

1.

In alternating current, the electrons flow continuously in one direction.

2. Electrons will flow through a conductor from the positive terminal to the positive

003N L A

terminal.

. The angular frequency of a sine wave, in degrees per second, is 360 times the frequency

in hertz, or in radians per second, is equal to 2p times the frequency in hertz.

. Utility AC in U.S. has an almost perfect sine-wave shape.

. The horizontal axis in an oscilloscope represents the frequency of an AC wave.

. The relationship between period 7 and frequency fis f= 1/T.

. The peak value of a sine wave occurs once each cycle.

. For a perfect square wave with no DC component, the RMS value is the same as the

peak amplitude.

m Answer the following questions according to the text.

1. What is alternating current?

2. What is the frequency of alternating current in most utility circuits in China?
3. What does an oscilloscope display?

4. Is it true that all AC waves have a sine-wave, or sinusoidal, shape? Why?

5. What does RMS stand for?

Vocabulary exercise.

1. A positive charge is caused by a/an of electrons.
A. lot of B. shortage
C. excess D. difference

2. Alternating current is used widely in many commercial, industrial, and
applications.

8



UNIT 1 Alternating Current

A. utility B. continuous
C. social D. conductor
3. The has measure functions of mean, period, frequency, and RMS etc.
A. load B. wire
C. oscilloscope D. voltage
4. The best product is designed to obtain output with cost.
A. maximum ... minimum B. minimum ... maximum
C. maximize ... minimize D. minimize ... maximize
5. Technical English from everyday English.
A. different B. difference
C. differ D. differs

@34X:3W Following questions are based on Fig. 1-3.

Each horizontal division=1ms
Each vertical division=10V

T Time

Amplitude

Fig. 1-3 An example voltage wave

On the horizontal scale, each division represents 1 millisencond (1ms), which is 1/1000 of a

second (0.001s). On the vertical scale, each division represents 10V.
1. What is the approximate frequency of this wave?

2. What is the approximate period of the wave shown in Fig. 1-3?
3. What is the approximate positive peak voltage of the wave shown in Fig. 1-3?
4. What is the approximate negative peak voltage of the wave shown in Fig. 1-3?

5. What is the approximate RMS voltage of the wave shown in Fig. 1-3?
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@ Task: My Favorite Course

Prepare a 3~5 minutes’ speech script about “My Favorite Course” and a 3~5 pages
powerpoint document. The speech should contain:

@ Topic

@ Introduction (The main points)

® Sub points (Reasons, examples, etc.)

e Conclusion

70



