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Unit One

Passage A
" The Production of Electrical Energy

Although our concern in this book is with the electrical aspects of power systems, it is
important to know what basic energy sources can be used to produce electrical energy on a
large scale. Electrical energy sources can be broken down into two broad categories, thermal
and non-thermal. A brief discussion of varying alternatives follows below.

Thermal Sources

Coal. Substantial reserves and the development of the necessary technology mean that
coal is and will continue to be a major energy source. Presently coal represents about 45% of
total electrical energy sources,

Oil and Natural Gas. In the 1950s and 1960s there was a trend toward greater utilization
of these fuels because of their superior combustion properties. However, the cost, scarcity,
and competition from petroleum products indicate that while these fuels will remain impor-
tant for electrical energy production, their percentage share of total energy supply will de-
crease.

Nuclear Fission from Uranium, Since the 1950s fission reactors have been used commer-
cially for the production of electrical power. Uranium resources in the U. S, are slightly less
than oil and gas reserves. Serious problems relating to environmental impact have accentua-
ted social concern and some legal and regulatory constraints have been placed upon the devel-
opment of this resource. A prudent growth in the comparative importance of this source is
expected, along with a legitimate and proper concern for the environment.

Solar. It is possible to collect solar energy directly and concentrate it on steam boilers.
The major problems are the diffuse nature, which requires large areas for collection, and the
unreliability of atmospheric conditions. At present there are no commercial installations.
This source is particularly attractive as no “fuel” is required and because of its non-polluting
characteristics.

Nuclear Fusion. Certain types of nuclear reaction are possible, where certain light nucle-
ar particles can be combined, or fused, into heavier particles. Such reactions produce pure
energy. The most attractive feature here is that common elements such as hydrogen isotopes
can be used as fuel, making this source essentially inexhaustible. The difficulty is that a sus-
tained fusion reaction requires production of extremely high temperatures and particle con-
centrations for a sufficiently long time. The technical problems associated with this are for-

midable and most experts will not predict commercial installation until well into the next cen-
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tury.

Geothermal, Heat from the earth’s interior and subsurface water combine to produce
natural steam, which can be used for electricity production. Total reserves are estimated at
up to about half of the total gas and oil reserves. Expectations are that this resource will con-
tinue to be developed, but that it will only make a minor contribution to the total energy sup-
ply.

Biomass. Synthetic gas can be produced from organic material grown expressly for this
purpose. Cerrently the amount of electrical energy produced from this source is negligible ,
and is not expected to be very significant in the future.

Garbage and Sewage, There are combustible components in garbage that can be used as
fuel; these components are separated from noncombustible items and mixed with coal. Sewer
gasses are also combustible. In certain situations utilization of these fuels may prove to be e-
conomical; however, such installations should be viewed as supplementary, and would con-
tribute only a small fraction of the total energy supply.

Nonthermal Sources

Hydro. Hydroelectric power has been an economical and pollution free course of energy.
It currently stands at about 12% of the total energy supply. It has the advantage of being im-
mediately (within seconds at least) available, whereas thermal sources meet demand at a
much slower rate. Hydroelectric sources are constrained by navigational requirements and
actual or predicted rainfall.

Tidal. There are a few sites around the world where it proves economical to convert the
change in potential energy caused by tide levels into an electrical form. The percentage of to-
tal energy supply output is quite small, and expected to remain so.

Wind. Wind can be used to drive turbines that in turn drive electricity generators, be-
cause wind is intermittent, such a system must include energy storage devices, such as bat-
teries, or supply loads that are tolerant of unpredictable source interruptions. As isolated e-
lectric power supplies, such systems are now commercially available in sizes up to about 50
kW. Research on much larger units is currently under way; presently, wind energy is negli-
gible as a fraction of the total energy output.

Wave. There have been several experimental machines designed to convert kinetic wave
energyinto electricity. None as of now appears to have been feasible for large-scale economic

electrical energyproduction.

New Words

thermal [ '6amoal] a. #H), HMER; HFGERH
nonthermal [ 'non'6eimal] a. JEFHY

utilization [ justilai'zeifon] n. F|

combustion [ kem'bastfon] n. #R%%

Ao e
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© 0N out

1.
2.
3.

scarcity [ 'skeositi | n. BRZ; W&
fission [ fifon] n. 43%4; AT

uranium [jua'reinjom ] n. %H

impact ['impaekt] n. B ; E; mhif
accentuate [aek'sentjueit | vr. RIE; IR

. regulatory ['regjulotori] a. MEH; ZHLERRHIH
11,
12.
13.
14,
15.
16.
17.
18.
19,
20.
21.
22,
23.
24,
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35,
36.
37,

prudent [ 'prudent] a. JE{EK; HER

concurrent [ken'karent] a. IHH; AEN;: —BHY
legitimate [li'dsitimit] «. BH:M#; SHE; EHLH
diffuse [di'fjus] a. ¥ EIH); BER; D H N
installation [insto'leifon] n. 2c3%; #%; R
fusion ['fjuzen] n. Bik; SW; BT

fuse [fjuz] vt. vi. ¥&4k; BE

isotope ['aisautoup] n. [FfiLE

formidable [ 'fo: midabl] a. MEXTATHY; HETTARAY
geothermal [d3i () ou'6ommal] «. HBEAAY; HEIRHY
subsurface [ 'sab'saifis] a. EE T

biomass [ 'baioumaes | n. EH&

expressly [iks'presli] ad. BHEHL, BifH; &
negligible [ 'neglidzebl] a. AJLAZBEHI, A RIER
garbage ['ga:bidz] n. Lidlk; R

sewage [ 'sju () id3] n. 75K, 58

combustible [ kom'bastabl] «. Z#A87; FIERE
noncombustible [ 'nonkem'bastabl] a. A FBREEH
sewer [sjua] n. PHIE, HEKE

supplementary [ sapli'mentari] a. #MFEHY, 3EANAY
hydro. ['haidreu] a. = hydroelectric 7K J1 & H.H9
constrained [ ken'streind] a. #IREH; WAIERK
tidal ['taidl] a. #I¥H

inherently [in'hisrentli] a. NTEMI; BIAER: £ XM
intermittent [jinte (:) 'mitent] a. [A[ERI; FIHAMEEH
tolerant [ 'tolerent ] a. Z3ZH, BAH

kinetic [ kai'netik] «. B 89; B3I HERE; BHM
Phrases and Expressions
a trend toward AGeeeeer O EES

superior combustion properties ¥ &f BBR B RE
commercial installations MV 15
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particle concentrations B TRE
subsurface water HLF7K

synthetic gas &AM

organic material LR

be separated from  ph-ecee- R H Sk
. navigation requirement 7K _FHiiEER
10. as of now FFA N 1E

L ® N

Skiils of Translation

WK ok B

— ik, ERSEZGENEIRSETERE BLEX., BASE” PR, HEER

BER, HEEF SFEEABARERTEREFEXNEE. BEERX. e

*I':]o

BIE P — RS U BR L EE . BHER, E&ﬁ%fﬂ%ﬂx*ﬁm =2 ko

o AREMEESCGER. W GEHE AU TN T EAT:

—. RFRFEEFRX

Microprocessors monitor tyre wear and brake power on cars. ( v. &2, &)

AR R MR pm AR .

The patient was connected to a television wave monitor. ( n. WHLER)

9o N BTG 0 G 8 it i3 T MR WA R

—. RELTGERRN

The country’s industry has developed quickly in the last decade,

wEHFRRETIIEERE.

To develop the instrument, many experts were invited.

B X F L EREE TR S E K,

=, RB\EEWIEFER N

Power can be transmitted over a long distance.

R A BRI M BE Y

Friction causes a loss of power in the machine.

BEEXTIREISYRNHFE

China will not be the first to use nuclear weapons although considered one of the nuclear
powers.

REVEBEEREAEZ —, HhERASEEEAZERE,
M. RIBEEGEFRX

high beam  ZEREEE NI

high brass PRI

high current 58 LT
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high explosive ~ FUPELEZ
high gear  HENIE
high seas 2218

high summer BE

high steel  H4H

Exercises

1. Decide whether the following statements are True (T) or False (F) according to the

text:

1. There are two main categories of electrical power sources, thermal and non-
thermal.

2. The amount of oil and gas used as electrical power energy sources will in-
crease.

3. Solar power has been widely used to produce electricity.

4, Up to now, we haven’t got commercial installations using nuclear fusion as
fuel.

We can use the noncombustible materials in garbage as fuel.
Some scientists are developing larger power units to use wind.
. Translate the following expressions into Chinese or English:

. the electrical power system

LRSS

5

6

I

1

2

3. a hydraulic turbine
4. KR
5

6

7

8

9

. mechanical power

L2 RE
. petroleum products

AR
. collect solar energy
10. <
11. light nuclear particles
12. HAHRLT
13. nuclear reactions
14. iR
15. synthetic gas
16. B A4
17. potential energy
18, BIERFTIR

19. a thermal power station
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20. PR RN

[I. Fill in the following blanks with the words given. There are extra items.

impact utilization combustible negligible installation a trend toward (s)

scarcity thermal fuse be separated from formidable garbage
1. The street is covered with old tins and other forms of

2. Where is the heating in this factory?

3. Lead will at a lower temperature than some other metals,

4, He made a great on literature and art in his time.

5. There is wearing dark color shirts this summer,

6. Petroleum is highly ,» 50 don’t smoke while you’re handling it.
7. Theory should by no means practice,

8. There was a amount of rain last year.

9. There are more power stations than hydroelectric stations.
10. The examination paper contained several questions.

IV. Put the following sentences into English.

1. BEHERIE, HEARRE=HEN—-MEZERE ., (as of now)

2. —EHYUABIAI DARRAE =G A&, (organic materials)

3. HATAT A R PR AT SR SRR . (mix ++ with)

4, KO KRBHIEEZ —REEBEISY. (nonpolluting characteristic)

5. MAAMMRRTE BRI SHE. (utilization)

PasSage B
A Brief History of the Power Industry (1)

Prior to 1800 the study of electrical and magnetic phenomena had been of interest to only
a few scientists, William Gibbert, C. A. De Coulomb, Benjamin Franklin, and a few others
made significant contributions to the meager store of piecemeal knowledge about electricity.

But at that time no applications were known, and studies were motivated only by intellectual
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curiosity, People illuminated their homes with candles, whale oil lamps, and kerosene
lamps, and motive power was supplied mostly by people and draft animals.

From about 1800 to 1810 commercial illuminating gas companies were formed, first in
Europe and shortly thereafter in the Untied States. The tallow candle and kerosene inter-
ests, sensing vigorous competition from this young industry, actively opposed gas lighting,
describing it as a health menace and emphasizing its explosive potential. However, the basic
advantage of more light at lower cost could not be suppressed indefinitely, and steady growth
in the industry occurred throughout the nineteenth century, with the industry at its zenith in
about 1885.

Exciting advances in understanding electrical and magnetic phenomena occurred during
this same period. Humphrey Davy, Andre Ampere, George Ohm and Karl Gauss made sig-
nificant discoveries, but the discovery that was to become basic to elevating electricity from
its status as an interesting scientific phenomena to a major technology with far reaching social
implications was made by two independent workers, Michael Faraday and Joseph Henry.
Ampere, among others, observed that magnetic fields were created by electric currents; yet
no one discovered how electrical currents could be produced from magnetic fields. Faraday
worked on such problems from 1821 to 1831, finally succeeding in formulating the great law
that bears his name. He subsequently built a machine that generated a voltage based on mag-
netic induction principles. Independently, Joseph Henry also discovered electromagnetic in-
duction at about the same time, and went on to apply his discoveries to many areas, inclu-
ding electromagnets and the telegraph.,

Several workers, including Charles Whetstone, Alfred Werner and Carl Siemens applied
the induction principle to the construction of primitive electrical generators in the period from
about 1840 into the 1870s. About the same time a phenomenon discovered some years earlier
began to receive serious attention as a practical light source. It was observed that when two
current-carrying carbon electrodes were drawn apart and electric arc of intense brilliance was
formed.

Commercialization of arc lighting accoured in the 1870s, with the first use as in light-
house illumination; additional applications were street lighting and other outdoor installa-
tions. Predictably, arc lighting provided the stimulus to develop better and more efficient
generators. An American engineer, C, F. Brush, made notable contributions in this area
with his series arc lighting system and associated generator. The system was practical and
grew into a successful business with little opposition from gas illuminating companies, since
they did not directly compete in the same applications. The principal objection to arc lighting
was its high intensity, making it unsuitable for most indoor applications. For those uses, gas
lighting was still the best choice. .

Observers noted as early as 1809 that current-carrying materials could heat to the point of in-
candescence. The idea of use of them as a light source was obvious, and a great many workers tried

to produce such a device. The main problem was that the incandescent material quickly consumed
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itself. In an effort to retard or prevent this destruction, the material was encased in a globe filled
with inert gas or a vacuum. The problem of placing a material with a high melting point, proper
conductance, and good illuminating properties into a globe with an atmosphere proved too much for
the technology of the time. Some small improvement was noted from time to time, but until the
1870s the electric lamp was far from a practical reality.

A 29-year-old inventor named Thomas Edison came to Menlo Park, New Jersey, in 1875
to establish an electrical laboratory to work on a number of projects, including the develop-
ment of an incandescent electric lamp. In October 1879, after innumerable unsuccessful trials
and experiments, an enclosed evacuated bulb containing a carbonized cotton thread filament
was energized. Some three years later, in 1882, the first system installed to sell electrical en-
ergy for incandescent lighting in the United States began operation from Pear] Street Station
in New York City. The system had dc, three wire, 220/110 volts, and supplied a load of Ed-
ison lamps with a total power requirement of 30 kilowatts. The electric motor was already
known, and the existence of an electrical supply was a ready made incentive to its refinement
and commercial acceptance. Use of electrical motive power quickly became popular, and was

employed for many applications.

New Words
1. meager ['miga] a. =8, ARH
2. piecemeal [ 'pizsmi:l] a. FHEH]
3. illuminate [i'jumineit] vz, FREH; FRATIEMG
4, whale [weil] n. #5
5. kerosene [ 'kerssiin| n. HEiH, kil
6. tallow ['teelou] n. (E¥) Bg; (2. ZERA) 408
7. menace [ 'menas | n. BME; EEY
8. suppress [so'pres] vt. HEfl, EHM; &L
9. zenith {'zeni®] n. T, THIE
10. elevate ['eliveit] vt. B, FFHE
11. formulate [ 'fomjuleit] ve. FIAIRFRAN; fEeeeeer WA RGHiRE (R
12. induction [in'dakfen] n. B&N7, BN FLE
13. voltage [ 'voultidz] n. B &
14. electromagnetic [ i'lektroumseg'netik | a. HLRERH]
15. electromagnet [i'lektrou'maegnit] n. HELBEAR; BLRLEK
16. electrode [i'lektraud] n. Hik
17. brilliance ['briljens] n. Joi&; B¥%
18. arc [akk] n. IK; I
19. commercialization [ kamaja:lai'zeifon | n. ML
20. illumination [i;]jummi'neifon] n. BB, J&3%
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21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
‘36.
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lighthouse [ 'laithaus] n. 4T3

predictably [pri'diktebli] ad. FIFIH
stimulus ['stimjules] n. F#; (E#HHEE
incandescence [jinkaen'desns] n. F#; IR
retard [ ri'tad] ve. BH1E; BitH

encase [ in'keis] vz, fBeeeree BEFE; e HAFEN
inert [i'nait] a. TEHER; AIEEH
conductance [ ken'daktens] n. {54k, FHE
evacuate [i'veekjueit] ve. HE;
carbonize [ 'kacbenaiz | wt. {HER{L

filament [ ‘filomont ] n. XT#2; 224k

energize [ 'enadzaiz] vt. 5 B HN5R
de. (direct current) HFLH

volt [vault] n. {R, tR¥F

incentive [in'sentiv] n. H#; i RIED
refinement [ri'fainment] n. ZREXHIEHE; KT

Notes

kerosene lamps  HEIHAT

motive power FF]

illuminating gas companies #3S R H]

magnetic fields ¥

electriccurrent  FLIR

magnetic induction principles BB E N R

practical light source SZRIJEIR

William Griber BRBE « 1A% (1540—1603) FefE B i XY HERK

C. A. de Coulomb FE{E (1736—1806) H:EYHERK
Benjamin Franklin 788 « & 22 WAk (1706--1790) EEBRARREER
Humphrey Davy M3hFy » 4 (1778—1829) HEER
Andre Ampere %8 « LR (1775—1836) EEYHEER

. Geory Ohm FFif » BKi (1787—1854) T E TSR
 Karl Gause /R * BHF (1777—1855) MEEFEER RRIFRK

Michael Faraday FHR/R * EHH (1791—1867) HENFER R EER

. Joseph Henry #43F - BH) (1797—1878) EEYE K
. Charles Wheatstone #r# - & (1802—1875) HEYHERREAR

Alfred Werner Fijfi51 « 4igh (1866—1919) Itk K

. current-carrying materials S-HL4K
. melting point  #& &



10 Unit One

21. incandescent electric lamp F4R4T

22. an electric motor EEHH],

23. a ready-made incentive B AR HI B

24. voltage drops H3 JE[&

25. in close proximity to eeeees BRI

26. alternating current 3FHiH

27. current levels EEFIIRE

28. Thomas Edison fE5#7 - Zifi4E (1847—1931) £EEHE
29. New Jersey FiEI (EEML)

Passage C
A Brief History of the Power Industry (2)

Another technical problem was encountered. Increasing loads meant increasing cur-
rents, which caused unacceptable voltage drops if generating stations were located at any ap-
preciable distance from the loads. The requirement of keeping generation in close proximity
to loads became increasingly difficult because acceptable generation sites were frequently un-
available. It was seen that electrical power was proportional to the production of voltage and
current. Clearly, less current would be needed at higher voltage. Unfortunately higher volt-
age was not desirable from either the viewpoint of present technology or customer safety.
What was needed was to transmit power at higher voltage over long distances and then to
change it to lower values at the load point. The key was to design a device that could trans-
form voltage and current levels efficiently and reliably.

In the 1890s the newly formed Westinghouse Company experimented with a new form of
electricity, christened “alternating current” (ac). Finally The ac form was widely accepted
for the following reasons:

* The ac transformer could perform the much needed ability to easily change voltage

and current levels,

¥ ac generators were inherently simpler.

* ac motors, although not as versatile, were simpler and cheaper.

Local electric utilities expanded until they shared boundaries, An operating advantage
was apparent; since the loads in neighbouring systems did not necessarily peak at the same
time, why not interconnect the systems and meet the peak load conditions with the combined
generation? The advantages of interconnecting different generating sites and loads were al-
ready well known; this step would better utilize everyone’s equipment. A technical problem
was immediately apparent; many different frequencies were in use at the time, including 25,
50, 60, 125, and 133 Hz. As interconnected systems must operate at the same frequency,

expensive frequency conversion equipment would be required. At the time generating units at



