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UNIT 1.
Text 1. ELECTRIC CURRENT

We cannot imagine modern civilization without electric current. Electric
lamps, trams and trains, radios, TV sets and many other electrically operated devices
are widely used today.

We know numerous applications of the electric current. Take, for example, an
electric motor. The electric motor transforms electric energy into mechanical energy.
It finds application at every plant and factory.

We know two kinds of the electric current — alternating current and direct
current. The unit of measure for current is the ampere. The electric current is the
motion of electrons along the circuit. A stream of electrons in a circuit develops a

magnetic field around the conductor.

I. Translate into English:
CICKTPUYHUNA CTPYM, MPOBIIHHK, II0JIe, EJICKTPUYHE KOJO, IOCTIHHHMH CTpyM,

3MIHHUH CTPYM, MOTIK, pyX, OAUHUI BUMIPIOBaHHS, IPUCTPIN

I1. Answer the following questions:

1. What applications of electric current do you know?

2. What device transforms electric energy into mechanical energy?
3. What two kinds of electric current do you know?

4. \What is the electric current?

I11. Translate into Ukrainian:

1. There is a strong magnetic field around this conductor.

2. Battery transforms chemical energy into electrical energy
3. You must use direct current in your experiment.

4. Metals are good conductors of electric current.

5. We have many electronic devices in our laboratory.



Text2. ELECTRICITY SERVES MAN

1. Pay attention to the pronunciation of the following words:

vacuum ['vekju:m] — Bakyym routine [ru'ti:n] — pyruna
TV-set — teneBizop refrigerator [rr'fridg(o)rerta] —
southern ['sadon] — miBAeHHUI XOJIOTHIJIBHUK

process ['prauses] — mpoiiec

2. Words and expressions necessary to understand the text:

obedient — cnyxHsiHUT to automate — aBromaruzyBaru

to turn a switch — noBepHyTH BUMUKaY electroslag — enekrpookaneHHs

to operate — npuBOIUTH B PyX service life of bearing — Tepmin
fan — BeHTHISATOD poOOTH MIAMIUITHUKA

razor — OputBa evaluation — ominka

appliance — mpuitaz Geiger counter — JTYHAIBHUK
kitchen unit — kyxoHHwuiT KOMOaiiH [eiirepa

to amalgamate — 06’ ennyBatn to run — mpuBOWTH B pyX

to affect — BmmuBaTu flaw — tpimuna, 6pak

production control -  ympaBmiHHS available — nasBHuit
BUPOOHHIITBOM all-round — BcebGiuHM

All around us — in the factory shop, or laboratory and at home — we find an

obedient force ready to serve us in some way. It is electricity.

Electricity (electric power) has become so much a part of our daily life that we
seldom think of its importance. All you have to do is turn a switch and electric

devices will be doing their job for you.

Electric motors operate washing machines, refrigerators, vacuum cleaners,
electric razors and many other electric appliances. The range of household electric
appliances is growing. Today an increasingly greater number of people are using TV-
sets, refrigerators, washing machines, electric cookers, and kitchen units, as well as
air-conditioners in the southern regions of the country.
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Electricity made possible the engineering progress of today. Electricity serves
as the basis of modernizing industry, amalgamating capacities, increasing equipment

efficiency, mechanizing and automating processes and concentrating production.

Electricity not only tremendously increases man’s power but it becomes an
inseparable part of technology. Not long ago, electricity affected the objects of labour
mainly indirectly. It was a motive force, provided favourable conditions for
processing or machining. Now it is becoming a processing or machining element

itself as well as the basis of automatic production control.

For instance, the service life of bearings made by electroslag remelting method
extends almost three times as compared with the same bearings made of conventional

steel.

And think of the role of electricity for communication or automation! It is used
to transmit and process information. It is the basis of the comprehensive automation
of all production process — technology, management, regulation, control and
evaluation. Electricity does not merely make work easier: it changes it completely.

Electricity is the basis of electronics, which is doing much of the routine brain work.

Little could be done in modern research laboratory without the aid of
electricity. Nearly all the measuring devices used in developing nuclear power are
electrically operated. Geiger counters which detect the presence of uranium ores in
the earth are run with batteries. X-ray machines, which depend upon electricity, are

used in industry to detect flaws in metal.

Much of today's scientific research depends on the solution of difficult
mathematical problems, some of which would require days and months to solve by
the usual methods. Electrically operated computers now make the answer to these

problems available in seconds.

Thus, electrification is not only a means to achieve the highest productivity of
labour. It is also directly responsible for releasing man's spiritual and physical energy,

which will be used for his all-round harmonious development.



I. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. Electric motors operate washing machines, refrigerators, vacuum cleaners, electric
razors and many other electric appliances.

2. Without electricity the engineering progress of today is quite possible.

3. Electricity is used to transmit and process information.

4. We can do a lot in modern research laboratory without the aid of electricity.

5. X-ray machines are used in industry to detect flaws in metal.

I1. Put the words given in A find the Ukrainian equivalents in B.

A B
available BCEOIUHMI
refrigerator CITyXHSHUI
razor pUIaT
obedient SJICKTPOOKAJICHHS
flaw BEHTUJISITOP
fan OLlIHKA
electroslag XOJIOIUIILHUK
appliance OpuTBa
evaluation TpiliuHa, Opak
all-round 00’€THYyBaTH
amalgamate HasIBHUI

I11. Answer the following questions:

1. a) Where do we find an obedient force ready to serve us in some way?
b) What do we call this force?

2. What do electric motors operate?

3. What is the role of electricity for communication or automation?

4. What do we use X-ray machines in industry for?



UNIT 2.

Text1. TYPES OF ELECTRICITY.

There are two types of electricity — electricity at rest or in a static condition
and electricity in motion or the electric current. Let us first consider static

electricity.

More than 2,500

TYPES OF ELECTRICITY ~ vears ago, the Greeks

knew how to get

Electricity is the study of how charges interact. In

general, electricity refers to electric charge. electricity by rubbing

substances. But they

There are two types of electricity: could not wuse it
static electricity and current electricity. because static
' electricity is usually

@ very high in voltage

@ and difficult to control.

We know that an
electric current is a flow of electric charges along a conductor. It may be produced
by means of a battery or by means of an electric generator.

The battery is a device which transforms chemical energy into electrical

energy and the generator transforms mechanical energy into electrical energy.

I. Find the correct definition out of the three given below.
1. The motor changes electrical energy into

a) heat energy, b) chemical energy, c) mechanical energy.

2. The generator changes mechanical energy into

a) chemical energy, b) electrical energy, c) light energy.

3. The battery changes chemical energy into

a) solar energy, b) heat energy, c) electric energy.



I. For the words given in A find the Ukrainian equivalents in B.

A B
1. flow 1. peyoBHHA
2. rubbing 2. ToJie
3. to produce 3. OTIK
4. substance 4. IpUCTpiH, mpHITa
5. field 5. mocTiiiHUN CTpyM
6. motion 6. BUTOTOBJIATH
7. circuit 7. pyx
8. direct current 8. TepTs
9. charge 9. 3apsin
10. device 10. ejeKTpUYHE KOJIO

Text 2.
ELECTRICITY

It is impossible to imagine our civilization without electricity: economic and

social progress will be turned to the past and our daily lives completely transformed.

Electrical power has become universal. Thousands of applications of electricity
such as lighting, electrochemistry and electrometallurgy are longstanding and

unguestionable.

With the appearance of the electrical motor, power cables replaced
transmission shafts, gear wheels, belts and pulleys® in the 19" century workshops.
And in the home a whole range of various time and labour saving appliances® have

become a part of our everyday lives.

Other devices are based on specific properties of electricity: electrostatics in
the case of photocopying machine, and electromagnetism in the case of radar and

television. These applications have made electricity most widely used.
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The first industrial application was in the silver workshops in Paris. The generator
— a new compact source of electricity — was also developed there. The generator

replaced the batteries and other devices that had been used before.

Electric lighting came into wide use at the end of the last century with the
development of the electric lamp by Thomas Edison. Then the transformer was
invented, the first electric lines and networks were set up, dynamos and induction

motors® were designed.

Since the beginning of the 20" century the successful development of
electricity has begun throughout the industrial world. The consumption of electricity

has doubled every ten years.

Today consumption of electricity per capita® is an indicator of the state of
development and economic health of a nation. Electricity has replaced other sources

of energy as it has been realized that it offers improved service and reduced cost.

One of the greatest advantages of electricity is that it is clean, easily regulated
and generates no by-products®. Applications of electricity now cover all fields of
human activity from house washing machines to the latest laser devices. Electricity is
the efficient source of some of the most recent technological advances such as the
laser and electron beams. Truly® electricity provides humanity with the energy of the

future.

Notes to the Text

1. transmission shafts, gear wheels, belts and pulleys — mpancmiciuni eanu,
3ybuacmi Koneca, pemeti i 6.10Ku

2. time and labour saving appliances — enrexmponpunaou, wo exonomisme uac i
npayio

3. induction motors — acunxponni erexkmpoosueyru

4. per capita — na moouny, na oyuty Hacenenms

5. by-products — no6iuni npooyxmu

6. truly — cnpasoi
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I. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. Consumption of electricity is an indicator of the state of development and
economic health of a nation.

2. With the appearance of the electrical motor, power cables appeared in the 19"
century workshops.

3. The first industrial application of generators was in the silver workshops in New-
York.

4. Electric lamp was invented by Volta.

5. The consumption of electricity doubles every twenty years.

6. One of the greatest advantages of electricity is that it is clean, easily regulated and

generates by-products.

I1. For the words given in A find the Ukrainian equivalents in B.

A B
1. induction motor 1. nmpunan
2. consumption 2. TIOBHICTIO
3. development 3. aCHHXPOHHUH €JIEKTPOJABUTYH
4.by-products 4. CTIO’)KMBaHHS
5. generator 5. pO3BUTOK
6. appliances 6. JH0ICTBO
7. advantage 7. TeHepaTop
8. humanity 8. moOIYHMI MPOTYKT
9. completely 9. nepesara

I11. Translate into English:

1. HeMOXJIMBO ySIBUTH Cy4YacHY IIUBLII3AIII0 O€3 €IEKTPUKH.
2. EnextpuuHy J1laMnouky BuHaimoB Tomac Exicon.
3. Cio’xvBaHHS €JEKTPUKH TIOJIBOIOETHCS KOXKHI IECATh POKIB.

4. Enextpuka 3a0e31euye J0CTBO €HEPTi€l0 MailOyTHHOTO.

12



UNIT 3.

Text 1. KINDS OF ELECTRIC CURRENT

There are different kinds of electric current. The letters a.c. stand for alternating
current. This current flows first in one direction and then in the opposite one. It
usually has a frequency of 50 cycles.

The alternating current is very convenient for long-distance transmission.
Although there are numerous cases when d.c. is required, at least 90 per cent of
electrical energy to be generated at present is a.c. It finds wide application for

lighting, heating, and industrial purposes.

I. Translate into Ukrainian:
conductor, field, direct current, lighting, voltage, frequency, cycle, transmission,

direction, to generate.

Il. Form sentences combining suitable parts of the sentences given in columns |

and II.
I I
1. The electric current is 1. electricity at rest.
2. Alternating current 2. the flow of electrons in one direction
3. Static electricity is 3. flows first in one direction and then
in the opposite one.
4. Kinetic energy is 4. the energy of motion
5. The direct current is 5. the flow of electrons.

I11. Translate into Ukrainian:

1. The unit of measure for frequency is one cycle.

2. Batteries generate direct current.

3. We require an a.c. electric motor for our experiment.
4. Direct current can be produced by generator.

5. What is the voltage in this circuit?

13



Text2. FROM THE HISTORY OF ELECTRICITY

There are two types of electricity, namely, electricity at rest or in a static
condition and electricity in motion, that is, the electric current. Both of them are
made up of electric charges, static charges are at rest, while electric current flows
and does work. Thus, they differ in their ability to serve mankind as well as in

their behaviour.

Let us first turn our attention to static electricity. For a long time it was the
only electrical phenomenon to be observed by man. As previously mentioned at least

2,500 years ago, or so, the Greeks knew how to get electricity by rubbing substances.

However, the electricity to be obtained by rubbing objects cannot be used to
light lamps, to boil water, to run electric trains, and so on. It is usually very high in

voltage and difficult to control, besides it discharges in no time.

As early as 1753, Franklin made an important contribution to the science of
electricity. He was the first to prove that unlike charges are produced due to rubbing
dissimilar objects. To show that the charges are unlike and opposite, he decided to

call the charge on the rubber — negative and that on the glass — positive.

Who does not know that the first man to get the electric current was Volta after
whom the unit of electric "pressure™, the volt, was named? His discovery developed

out of galvanic experiments with the frog.

Galvani observed that the legs of a dead frog jumped as a result of an electric
charge. He tried his experiment several times and every time he obtained the same

result. He thought that electricity was generated within the leg itself,

Volta began to carry out similar experiments and soon found that the electric
source was not within the frog's leg but was the result of the contact of both

dissimilar metals used during his observations.

However, to carry on such experiments was not an easy thing to do. He spent
the next few years trying to invent a source of continuous current. To increase the

effect obtained with one pair of metals, Volta increased the number of these pairs.

14



Thus the voltaic pile consisted of a copper layer and a layer of zinc placed one
above another with a layer of flannel moistened in salt water between them. A wire
was connected to the first disc of copper and to the last disc of zinc. The year 1800 is
a date to be remembered: for the first time in the world's history a continuous current

was generated.

Volta’s Short Biography. Volta was born in Como, Italy, on February 18,
1745. For some years he was a teacher of physics in his home town. Later on, he

became a professor of natural sciences at the University of Pavia.

After his famous discovery he travelled in many countries, among them
France, Germany and England. He was invited to Paris to deliver lectures on the
newly discovered "Chemical source of continuous current”. In 1819 he returned to

Como where he spent the rest of his life. VVolta died at the age of 82.

I. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. There are two types of electricity, namely, electricity at rest and electricity in
motion,

2. Static charges flow and do work, while electric current is at rest.

3. At least 3,500 years ago, or so, the Romans knew how to get electricity by
rubbing substances.

4. Franklin was the first to prove that unlike charges are produced due to rubbing
dissimilar objects.

5. The first man to get the electric current was Galvani.

6. For the first time in the world's history a continuous current was generated
in 1800.

7. Volta became a professor of natural sciences at the University of Paris.

8. In 1819 Volta returned to Como where he spent the rest of his life.

9. He was invited to New-York to deliver lectures on the newly discovered

"Chemical source of continuous current".

15



I1. For the words given in A find the Ukrainian equivalents in B.

A

. electric current
. discovery

. at rest

. Substance

. discharge

. In motion

. observe

. layer

© 0O N OO o1 B~ W DN P

. Increase
10. copper
11. carry on

12. voltaic pile

I11. Translate into Ukrainian:

1. There are two types of electricity, namely, electricity in a static condition and

electric current.

2. Long ago the Greeks knew how to get static electricity by rubbing substances.

3. The first man to get the electric current was Volta after whom the unit of electric

pressure, the volt, was named.

4. Franklin decided to call the charge on the rubber — negative and that on the glass —

positive.

5. For the first time in the world's history a continuous current was generated by

Volta in 1800.

B

. CTIoCTepIiraTu
. PO3psIKATH
. B pyci

. M1IIb

1
2
3
4
S.
6
7
8
9

BIJIKPUTTS

. €JIEKTPUYHUNA CTPYM
. pe4OBHHA
. 30LTBLIYBaTH

. B CTaHl CIIOKOXO

10. map

11. ranpBaHiuHa OaTapes

12. nponoBxyBatu
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UNIT 4.
Text 1. ELECTRIC CIRCUIT

Electric circuit is a complete path along which the current flows from the source
of supply to the load and then from the load back to the source.

The purpose of electrical source is to produce the necessary electromotive force
required for the flow of current through the circuit

The current may pass through solid conductors, liquids, gases and vacuum. It
may flow over transmission lines from the power-stations, through transformers,
cables and switches, through lamps, motors and so on.

There are various kinds of electric circuits such as: open circuits, closed circuits,

series circuits, parallel circuits and short circuits

I. For the words given in A find the Ukrainian equivalents in B.

A B
1. power-station 1. BUMHKAY
2. charge 2. €IEKTPOCTAHIIIS
3. electromotive force 3. mepenayva
4. transmission 4. mxepero
5. series 5. mocmiI0BHHIMA
6. source 6. HaBaHTa)KCHHS
7. flow 7. 3apsn
8. circuit 8. EPC
9. switch 9. mporikatu
10. load 10. ko0

I1. Answer the following questions.

1. What do we call an electric circuit?

2. What kinds of circuits do you know?

3. What do we require the electromotive force for?

4. What is the purpose of electrical source?

5. What substances may the electric current pass through?

17



Text2. THE ELECTRIC CIRCUIT AND ITS ELEMENTS

The simplest electric circuit consists of a source of energy or power source
(e.g., a primary cell, accumulator, or generator), a receiver of energy (e.g., an
electric lamp, electric-heating device, or electric motor), and two conductors
connecting the receiver and power source terminals.

The power source (or, for short, the source) transforms mechanical,
chemical, thermal, or other energy into electromagnetic energy, which, for
brevity, is often simply called electric energy. The energy receiver (or simply
receiver), on the contrary, transforms the electric energy to other forms of
energy: radiant, thermal, mechanical and so on.

The power source together with the conductors and receiver (load)
connected to it form a closed loop, along which an uninterrupted stream of
electric charge (an electric current) flows. This is called an electric circuit. With
respect to the source, the conductors and receiver (load) form the so-called
external circuit.

The direct cause of flow of electric current in a circuit is the electromotive
force (e.m.f.) of the power source. Conventionally, the direction of the current in
the circuit is taken to coincide with the direction of the e.m.f.

The terminal of the source through which the current «leaves» for the
external circuit is called positive (+) and the terminal through which the current
enters the source from the external circuit, the negative (). The direction of the
current is thus from + to — in the external circuit and from — to + inside the source.

Both the external circuit and the source possess resistance, the value of
which depends upon the material, shape and dimensions of the conductors
composing these parts of the electric circuit.

The magnitude or the intensity of the current (or, simply, the current) in the
circuit depends on the magnitude of the e.m.f. and the resistance of the whole
circuit.

The relationship between these three quantities is expressed by Ohm's law,
which plays a very important role in electrical engineering, being the basis of many
practical calculations.

18



According to this law, the current in the circuit is directly proportional to the

e.m.f. and inversely proportional to the resistance R of the whole circuit:

R
Ohm's law can be applied to the circuit as a whole and separately to any

portion of the circuit outside the power source.

VOCABULARY
1. e. g. = for example — nanpuxnao 5. to coincide — cnienaoamu
2. for short — cxopoueno 6. so-called — max 36anuu
3. with respect to — sionocno 7.both ...and —sax ... maxi; i ... i
4. according to — eionosiono 0o 8. as a whole — 6 yitomy

I. Translate into Ukrainian and write your own sentences using some of these
words:

power source, terminals, receiver, electric circuit, external circuit, electromotive
force, resistance, magnitude, relationship, quantities, electrical engineering,

calculations, directly proportional, inversely proportional, separately, outside

I. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. The simplest electric circuit consists of a power source, a receiver of energy
and two conductors connecting the receiver and power source terminals.

2. The energy receiver transforms mechanical, chemical, thermal, or other energy
into electric energy.

3. The direct cause of flow of electric current in a circuit is the electromotive force
of the power source.

4. The direction of the current in the circuit does not coincide with the direction of
the e.m.f.

5. The current in the circuit is inversely proportional to the e.m.f. and directly

proportional to the resistance.

19



I11. Translate into English.

1. IIpocte eneKTpUYHE KOJIO CKIAAEThCS 3 JKEpEsa €Heprii, Crlo)KuBaya eHeprii Ta

JBOX MPOBITHUKIB, 5IK1 3’ €HYIOTh KJIIEMHU JDKEpENa Ta CIIOKHBAYA.

2. CrokuBa4 €Heprii MepeTBOPrOE €IEKTPUUYHY €HEpriio Ha iHm (GopmMu eHeprii:

TEIJIOBY, CBITJIOBY, MEXaHIUHY TOLIO.

3. besmnocepenHs npuyuHaA TPOTIKAHHS EIEKTPUYHOTO CTPYMYy B KOJII — II€

SJICKTPOPYILIHA CUJia JKepena eHeprii.

4. Sk 30BHINIHE KOJIO, TaK 1 JHKEPEJOo MalTh OMip, SIKUM 3aJeXKUTh BiJ MEBHUX

(akTopiB.

5. Bennuuna ctpymy 3anexuts Big EPC Ta onopy BChOro eneKTpuuHOro KoJa.
6. BianosizHo 1o 3akoHy Oma, cTpyM y Kojai npsmo npomnopuitauii 1o EPC 1

o0epHeHO nponopiiiHuii onopy R ycsoro kona.

V. Answer the following questions:

1. What are the elements of the simplest electric circuit?
2. What elements form the so-called external circuit?
3. What is the direct cause of flow of electric current in a circuit?

4. a) What do we call the terminal of the source through which the current «leavesy»
for the external circuit? b) What do we call the terminal through which the current

enters the source from the external circuit?
5. What is the direction of the current in the external circuit and inside the source?
6. What factors determine the resistance of the electrical circuit?

7. What depends on the magnitude of the e.m.f. and the resistance of the whole

circuit?

8. State Ohm's law.
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UNIT 5.
Text 1. CONDUCTORS AND INSULATORS
All substances can conduct electric current. Some substances, for example
metals, conduct electric current easily. They are called conductors. Substances that
offer great resistance to the flow of charges are called insulators. Rubber and glass
are good insulators.
Conductivity or conducting ability depends on many factors.

Some of them are:

v" the size of the wire used,
v’ its temperature,

v" the kind of material to be used.

There is a great difference in the conducting ability of various substances. All
metals are good conductors. But copper conducts the current more freely than iron,
and silver is a better conductor than copper.

I. Find in the text English equivalents for:

MPOTIKAHHS 3apsi/IiB, YUHUTHU OITIp, 3aJIeKaTH BiJ 0aratbox (pakTopiB, MPOBIAHICTD,

130JI5ITOP, 3AATHICTh TPOBOJIUTH.

I1. Answer the following questions:

1. Can all substances conduct electric current easily?

2. What is a conductor?

3. What does conductivity depend upon?

4. What materials are the best conductors of electricity?
5. What insulators do you know?

I11. Translate into English.

1. Miapb — rapHuil IpOBIIHUK €JIEKTPUKH.

2. IIpoBigHICTD 3aJICKUTH BiJl TEMIIEPATYPH.
3. B xoui moBuHHA OyTH PI3HUIIS TOTCHITIAIIB.
4. lllo € onuHUIICIO BUMIPIOBAHHS OTIOPY?

5. Cpi610 J€TKO MPOBOAUTH €IEKTPHUKY.
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Text2. CONDUCTORS AND INSULATORS

All substances have some ability of conducting electric current, however, they
differ greatly in the ease with which the current can pass through them. Metals, for
example, conduct electricity with ease while rubber does not allow it to flow freely.

Thus, we have conductors and insulators.

What do the terms "conductors" and "insulators" mean? Substances through
which electricity is easily transmitted are called conductors. Any material that

strongly resists the electric current flow is known as an insulator.

Let us first turn our attention to conductance, that is, the conductor's ability of
passing electric charges. The four factors conductance depends on are: the size of the

wire used, its length and temperature as well as the kind of material to be employed.

It is not difficult to understand that a large water pipe can pass more water than
a small one. In the same manner, a large conductor will carry the current more readily

than a thinner one.

large wire The figure to the text

illustrates this fact

better than words

= alone.
Jmall wire

It is quite

: understandable, too,
Fig. Compare water flow and current flow

that to flow through
a short conductor is certainly easier for the current than through a long one in spite of
their being made of similar material. Hence, the longer the wire, the greater is its

opposition, that is resistance, to the passage of current.

As mentioned above, there is a great difference in the conducting ability of
various substances. For example, almost all metals are good electric current
conductors. Nevertheless, copper carries the current more freely than iron; and silver,

in its turn, is a better conductor than copper.
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Generally speaking, copper is the most widely used conductor. That is why the

electrically operated devices in your home are connected to the wall socket by copper wires.

Indeed, if you are reading this book by an electric lamp light and somebody
pulls the metal wire out of the socket, the light will go out at once. The electricity has

not been turned off but it has no path to travel from the socket to your electric lamp.

5 Electrical Conductors The flowmg electrons

W = cannot travel through space

) - ’ N <4 and get into an electrically

silver gold copper steel  seawater  gperated device when the

5 Electrical Insulators circuit is broken. If we use a

. \\\\\ piece of string instead of a

o — W metal wire, we shall also

ubber glass ol diamond drywoed  find that the current stops
Thought

flowing.

A material like string, which resists the flow of the electric current, is called an
insulator. There are many kinds of insulation used to cover the wires. The kind used
depends upon the purposes the wire or cord is meant for. The insulating materials we

generally use to cover the wires are rubber, asbestos, glass, plastics and others.

Rubber covered with cotton, or rubber alone is the insulating material usually
used to cover desk lamp cords and radio cords. Glass is the insulator to be often seen
on the poles that carry the wires in city streets. Glass insulator strings are usually

suspended from the towers of high voltage transmission lines.

One of the most important insulators of all, however, is air. That is why power
transmission line wires are bare wires depending on air to keep the current from

leaking off.

Conducting materials are by no means the only materials to play an important
part in electrical engineering. There must certainly be a conductor that is a path, along
which electricity is to travel and there must be insulators keeping it from leaking off

the conductor.
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I. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. All substances can conduct electric current.

2. Metals does not allow current to flow freely, so they are insulators.

3. Substances through which electricity is easily transmitted are called conductors.

4. To flow through a short conductor is certainly more difficult for the current than

through a long one in spite of they are made of similar material.
5. Any material that strongly resists the electric current flow is known as a conductor,

6. The flowing electrons can travel through space and get into an electrically operated

device when the circuit is open or broken.

I. Answer the following questions.

. What is discussed in the present article?

. Do all substances conduct the electric current easily?

. What is a conductor?

. What does conductance depend upon?

. What materials are the best conductors of electricity?

. Does temperature influence the conductor’s resistance?

. What feature of the conductor is illustrated in the figure to the text?

o N oo o B~ w NP

. What is the difference between a conductor and an insulator?

9. What insulators do you know?

10. Why are power transmission line wires bare?

11. What insulation is used on the cords of your electrical devices?
12. Can we do without insulators?

13. What insulating materials do we generally use to cover the wires?
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UNIT 6.

Text 1.
GENERATORS (1)

The dynamo was invented by Faraday in 1831. Modern generators and

alternators still use the principle invented by the great English scientist.

The dynamo machines are used for production of the electric current. They
transform mechanical energy into electrical energy. They produce about 90 per cent
of all electric power. They are used to light up millions of lamps, to run trains and to

drive the machines. Batteries could not supply enough electricity to do all this work.

There are two types of dynamos, namely, the generator and the alternator. The
generator supplies d.c., which is similar to the current produced by a battery and the

alternator, provides a.c.

In order to generate electricity, they must be provided with energy. This

mechanical energy can be supplied by steam engines, steam or water turbines etc.

I. For the words given in A find the Ukrainian equivalents in B.

A B
1. insulator 1. reHeparop 3MIHHOTO CTPyMY
2. path 2. TocrayarTy, IoIaBaTu
3. to produce 3. IPUBOIUTH B PYX
4. alternator 4. BUpOOIATH
5. circuit 5. MPOBIHICTH
6. power 6. 13075TOp
7. to supply 7. X
8. to drive 8. eJIeKTpUYHE KOJIO
9. charge 9. enepris
10. conductivity 10. 3apsin
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Il. Form sentences combining suitable parts of the sentences given in columns |

and II.
I I
1. The generator 1. transforms heat into work.
2. The electric circuit 2. transforms mechanical energy into electrical energy.
3. The alternator 3. supplies a. c.
4. The electric motor 4. is a path along which the current flows.
5. Steam engine 5. is a device which transforms mechanical energy

into electrical one.

Text2. GENERATORS

The dynamo invented by Faraday in 1831 is certainly a primitive apparatus
compared with the powerful, highly efficient generators and alternators that are in use
today.

Nevertheless, these machines operate on the same principle as the one invented
by the great English scientist. When asked what use his new invention had, Faraday
asked in his turn: "What is the use of a new-born child?" In fact, "the new-born child"
soon became an irreplaceable device we cannot do without.

Although used to operate certain devices requiring small currents for their
operation, batteries and cells are unlikely to supply light, heat and power on a large
scale. Indeed, we need electricity to light up millions of lamps, to run trains, to lift
things, and to drive the machines. Batteries could not supply electricity enough to do
all this work.

That electric machines are used for this purpose is a well-known fact.
Mechanical energy is turned directly into electrical energy with a loss of only a few
percent by means of these machines. It is calculated that they produce more than 90
per cent of the entire world's electric power.

There are two types of dynamos, namely, the generator and the alternator. The
former supplies d.c. which is similar to the current from a battery and the latter, as its

name implies, provides a.c.
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To generate electricity both of them must be continuously provided with
energy from some outside source of mechanical energy such as steam engines, steam

turbines or water turbines, for example.

Magnetic Flux

o

avd

Commutator and Wire Coil

Carbon Brushes \\“ (the conductor)

Axis of "7{ ¥ 0

Rotation ol

Fig. A simple type of elementary direct current generator (dynamo)

Both generators and alternators consist of the following principal parts: an
armature and an electromagnet. The electromagnet of a d.c. generator is usually
called a stator for it is in a static condition while the armature (the rotor) is rotating.

Figure to the text shows the principles the construction of an elementary d.c.
generator is based upon. We see the armature, the electromagnet, the shunt winding,
the commutator and the load.

Alternators may be divided into two types:

1. alternators that have a stationary armature and a rotating electromagnet;

2. alternators whose armature serves as a rotor, but this is seldom done.

In order to get a strong e.m.f., the rotors in large machines rotate at a speed of
thousands of revolutions per minute (r.p.m.). The faster they rotate, the greater the
output voltage the machine will produce.

In order to produce electricity under the most economical conditions, the
generators must be as large as possible. In addition to it, they should be kept as fully

loaded as possible all the time.
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I. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. The dynamo was invented by Faraday in 1931.
2. Batteries and cells supply light, heat and power on a large scale.

3. Mechanical energy is turned directly into electrical energy with a loss of only a few

percent by means of generators.

4. Alternator supplies d.c. which is similar to the current from a battery and the

generator, as its name implies, provides a.c.

5. Both generators and alternators consist of the following principal parts: an

armature and an electromagnet.

6. The slower the armature rotates, the greater the output voltage the machine will

produce.

I. Find in the text English equivalents for:

reHepaTop MOCTIHHOrO CTPYMY, F€HEpaTop 3MIHHOTO CTPyMY, HE3aMIHHUI MPUCTPIi,
BTpaTH, TMApOBUW JBUTYH, BOJsfHAa TypOiHa, sKIp, OOMOTKa, KOJEKTOp,

CJIEKTPOPYIIiiHA crjia, 00EPT 3a XBUIMHY, BUX1/IHA HAIPyTa.

I1. Answer the following questions.

. When did Faraday invent the dynamo?

. Was Faraday an American scientist?

. Can batteries supply power on a large scale?

. What do we need electricity for?

. What are dynamo electric machines used for?
. What types of dynamos do you know?

. What are the principal parts of a generator?

. In what condition is the stator of an electromagnet?

© 0O N O O B W N P

. What does figure to the text show?

28



UNIT 7.
Text 1. GENERATORS (11).

The generators and alternators consist of the following principal parts: an
armature and an electromagnet. The electromagnet of a d.c. generators is called a

stator and the armature is called a rotor.
Alternators may be divided into two types:

1. alternators that have a stationary armature and a rotating electromagnet;

2. alternators whose armature serves as a rotor.

In order to get a strong e.m.f. the rotors in large machines rotate at a speed of
thousands revolutions per minute (r.p.m.). The faster they rotate, the greater the

output voltage the machine will produce.

In order to produce electricity under most economical conditions, the generators
must be as large as possible. For example, the Dnipro hydroelectric power plant is
equipped with 225,000 kW generators. Our industry produces even greater power

installations of 1,200 MW for thermal power plants.

I. Find in text English equivalents for:

AKIp, €JIEKTPOMAarHiT, CTaTop, POTOP, OOEPTOBHM EIEKTPOMATHIT, JUIsl TOTO II00,
o0epTaTUCh 31 IMIBHJKICTIO, OOEpPTHM Ha XBWIMHY, BHXIJHA Hampyra, T€HepaTop
3MIHHOT'O CTpyMmYy, oOJiaTHaHU, YCTAHOBKA, TETUIOEJIEKTPOCTAHIIIs,

T1pOeIeKTPOCTAHIIIS

I1. Answer the following questions:

1. What types of generators do you know?

2. What are the principal parts of a generator?

3. What two types of alternators do you know?

4. What does the output voltage of a generator depend upon?

5. What generators is the Dnipro power station equipped with?
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I11. Make up as many sentences as yon can using the following words:

generator, to transform, electrical charges,  direct current,
conductor, electric motor, to produce, to supply,
silver, to flow, circuit

Text2. MAGNETOHYDRODYNAMIC GENERATOR
Magnetohydrodynamics (MHD) is a field of fluid mechanics. The latter deals

with the flow of the fluid or gas conducting electricity in the magnetic field. As gases

can flow too they are considered as liquids.

Faraday performed the first experiment in MHD in the early nineteenth
century. He put two electrodes in the Thames River trying to develop an electrical
signal from the flow of the river through the earth's magnetic field. There were two

problems in this simple experiment.

The first one was the lack of combination of electrical conductivity, velocity
and the magnetic field. The second problem was connected with the difficulties in the
extraction of the electric current at the electrodes. The latter still remains a critical

problem for the scientists to solve.

More than a hundred years ago in 1831, Faraday discovered electromagnetic
induction. Today every schoolchild knows the experiment from the school physics

laboratory.

If a conductor connected to an electric circuit crosses the space between the
poles of a magnet an electric current is induced in it. But the metal conductor can be
replaced by any other conductor. For example, it may be a flow of electro conducting
liquid or gas.

If gases are heated to some thousands of degrees the atoms that make them up
are broken down into electrically charged particles, the latter interacting with the
magnetic field. A high temperature gas in an MHD generator gives the same result as

a copper armature in a conventional d.c. generator.
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By means of suitable electrodes part of the energy of the ionized gas passing
through the magnetic field is converted directly into electricity. It is this conversion
that we are mostly interested in.

An MHD generator combines the functions of both a steam turbine and an
electrical generator. As the energy of the gas is converted directly into electrical

energy, an MHD generator is in principle a much simpler device than a
turbogenerator.

Magnetohydrodynamic (MHD) Electricity Generation

r r"\-.\_\}
lonlsed Gas Generator + -

Exhaust DC
Gases Power

Ao
-~

(Open Cycle Using Conventional Fuel)

Fig. MHD generator

As shown in the figure to the text it consists of a nozzle, a channel with
electrodes and insulators, located in the magnetic field. The generator under
consideration has no moving parts that cause energy losses. Thus, it can withstand

much higher temperatures than those of the turbines.

Because of high temperature operation a power plant with an MHD
generator is more efficient than a turbine power plant.

Studies show that an MHD power plant can reach 50% efficiency, and 55-60%
in the future, the highest obtainable efficiency of a thermal power plant is 40%.

MHD energy conversion becomes possible only with the right combination of
gas velocity, electrical conductivity and magnetic field induction.
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It is the study of the above-mentioned combination that has led to the
development of three approaches to the MHD power generation. The first one is the
open cycle generator where the ionized gas flux is injected into the nozzle of the

channel.

The second approach is the closed cycle generator in which plasma circulates
inside the MHD generator itself. In the third, a liquid metal is used instead of plasma
in the channel. All three approaches are investigated at present. So far, the open cycle

generator seems to be the most feasible of them.

The first practical MHD power research was conducted in 1938 in the U.S. by
Westinghouse in its Pittsburgh, Pennsylvania laboratories, headed by Hungarian Bela
Karlovitz. In the 1960s, AVCO Everett Aeronautical Research began a series of
experiments, ending with the Mk. V generator of 1965. It generated 35 MW, but used
about 8 MW to drive its magnet.

By the end of the present century the consumption of electricity is expected to
be ten times as great as it is today. To increase power production rapidly we shall not
only have to build giant thermal power plants but also to develop principally new
power generation methods. There is every reason to believe that large MHD stations

will be operating in our country in the near future.

I. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. Magnetohydrodynamics (MHD) is a field of fluid chemistry.

2. If a conductor connected to an electric circuit crosses the space between the poles

of a magnet an electric current is induced in it.

3. An MHD generator combines the functions of both a steam turbine and an

electrical generator.
4. A power plant with an MHD generator is less efficient than a hydropower plant.

5. The open cycle generator seems to be the most realistic.
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I1. Answer the following questions.

1. What does fluid mechanics deal with?

. Why are gases considered as liquids?

. Who discovered electromagnetic induction?

. What experiment does every schoolchild know?

. When do the atoms of gases break down into electrically charged particles?
. What particles interact with the magnetic field?

. What functions does an MHD generator combine?
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. Why is an MHD generator a much simpler device than the turbogenerator?
9. What does an MHD generator consist of?

10. Why is a power plant with an MHD generator more efficient than a turbine power

plant?
11. What is the first approach to MHD power generation?
12. What can you say about the first MHD installation?

13. What is its capacity?

I11. Point out which of the sentences contain the information from the text.

1. MHD energy conversion becomes possible only with the right combination of gas

velocity, electrical conductivity and magnetic field induction.
2. A power plant with MHD generator is more efficient than a turbine power plant.

3. The problem of the extraction of the electric current at electrodes is important for
MHD.

4. An MHD generator combines the functions of both a steam turbine and an

electrical generator.

5. A high temperature gas in an MHD generator gives the same result as a copper

armature in a conventional d.c. generator.
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UNIT 8
Text 1. TRANSFORMERS

The transformer is a device for changing the electric current from one voltage to

another. It is used in order to increase or decrease the voltage.

A simple transformer is a kind of induction coil. The principal parts of a

transformer are two windings, that is coils, and an iron core.

The core which is supplied with the current is called the primary winding. The

winding from which the current is taken is called the secondary winding.

The primary winding is connected to the source of supply and the secondary
winding is connected to the load. The primary alternating current produces an
alternating magnetic flux, and this flux passes through the turns of the secondary

winding.

If the number of turns in the secondary winding is greater than the number of
turns in the primary, the output voltage is larger than the input voltage and the
transformer is called step-up transformer; if the primary has more turns than the

secondary, the transformer is a step-down transformer.

I. Find in the text English equivalents for:
30UTBLIUTH HAIpYTry, MOHU3UTH HAIpYry, NEepBMHHA OOMOTKAa, BTOPMHHAa OOMOTKA,
JOKEPENIO JKUBJICHHS, IHAYKIIIHHA KOTYIIKA, KUIBKICTh BHTKIB, MarHiTHMM TIOTIK,

BX1JIHA HAIpyra, BUX1/IHA HAINpyTa, MiBUIyBAIBHUI TpaHnchopmaTop.

I1. Answer the following questions:

1. What is a transformer?

2. What is a transformer used for?

3. What are the principal parts of a transformer?

4. What is the difference between primary and secondary winding?

5. What types of transformers do you know?
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Text2. TRANSFORMERS

The transformer is a device for changing the electric current from one voltage
to another. Actually, it is used for increasing or decreasing voltage.

A simple transformer is a kind of induction coil. It is well known that in its
usual form it has no moving parts. On the whole, it requires very little maintenance
provided it is not misused and is not damaged by lightning.

We may say that the principal

Primary Secondary t f t f t
winding winding parts Or a transtormer are two
Ny turns M. tUnS . . . . .
- /| e windings, that is coils, and an iron
Primary = m, MAgnetic . . .
arrent / Flux, ¢ ==, J core. They call the coil which is
—_— ] Secondary
+ '___\‘ | current - - n H
l /._f_;_-___ﬁ.. supplied with current the "primary
Primary : p + TN - Wt n
wf@; .-_1_ /, winding", or just “primary", for
° LA <o ghont
_ l::l /r Vg
—_— | /r The winding from which they
= take the current is referred to as the
\-Tra"'sfﬂfmer , ..
e &y "secondary winding" or

"secondary", for short. The former is
connected to the source of supply and the latter is connected to the load.

When the number of turns of wire on the secondary is the same as the number
on the primary, the secondary voltage is the same as the primary, and we get what is

called a “one-t0-one” transformer.

In case, however, the number of turns on the secondary winding is greater than
those on the primary, the output voltage is larger than the input voltage and the
transformer is called a step-up transformer. On the other hand, the secondary turns
being fewer in number than the primary, the transformer is known as a step-down
transformer.

The transformer operates equally well to increase the voltage and to reduce it.
By the way, the above process needs a negligible quantity of power. It is important to
point out that device under consideration will not work on d.c. but it is rather often
employed in direct-current circuits.
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I. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. The transformer is a device for changing the electric current from one resistance to
another.

2. A simple transformer is a kind of iron core.

3. The principal parts of a transformer are two windings and an iron core.

4. The transformer operates equally well to increase the voltage and to reduce it.

5. The transformer will work on d. c. and it is rather often employed in direct-current

circuits.

I1. Form sentences combining suitable parts of the sentences given in columns |

and 11,
I I

1. A “one-t0o-one” transformer is a device for changing the electric current
from one voltage to another.

2. The transformer is the winding which is supplied with
current.

3. Primary winding is a device where the output voltage is
larger than the input voltage.

4. Step-up transformer is the winding from which they take the
current.

5. Secondary winding is a device where the secondary turns are
fewer in number than the primary.

6. Step-down transformer is a device where the secondary voltage is

the same as the primary.

36



Text 3. TRANSFORMERS

The transformer is a device that steps-up and steps-down alternating currents

and voltages.

The essential parts of a transformer are: a laminated iron core upon which two

separate insulated coils are wound — the primary and the secondary.

In most cases, the primary coil is connected to the supply or main side of the
line where the alternating current sets up an alternating magnetic flux. This not only
sets up a counter voltage equal and opposite in the primary coil, but also sets up a

voltage in the secondary coil.

The ratio of the voltage in the secondary coil as compared to that in the
primary coil depends upon the amount of magnetic flux, the frequency of the

alternating current, and mainly the number of turns in the coils.

The only current that flows in the primary coil or windings is the magnetizing
current to set up the flux in a closed, magnetic circuit and is usually a very small

percentage of full load primary current of the transformer.

In a well-designed transformer, there is very little magnetic leakage. The effect
of the leakage is to cause a decrease of secondary voltage when the transformer is

loaded.

When a current flows through the secondary in phase with the secondary
voltage a corresponding current flows through the primary in addition to the
magnetizing current previously mentioned. The magnetizing effects of the two

currents are equal and opposite.

I. Find in the text English equivalents for:

MIJIBUIIICHHS, 130JbOBaHI KOTYIIKH, TIOHW)KCHHS, MArHITHUH TOTIK, BTOpPUHHA
KOTYIIIKA, 9aCTOTa, YMCJIO BUTKIB, IEPBUHHA KOTYIIIKA, MarHITHI BTPAaTH, 3MEHIIICHHS,

1T HAaBaHTAXKEHHSIM.

37



I1. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. The transformer is a device that steps-up and steps-down direct currents and

voltages.
2. The essential part of a transformer is a laminated iron core.

3. The primary coil is connected to the supply or main side of the line where the

alternating current sets up an alternating magnetic flux.

4. The ratio of the voltage in the secondary coil as compared to that in the primary

coil depends upon the amount of magnetic flux.
5. In a well-designed transformer, there is a lot of magnetic leakage.

6. The magnetizing effects of the two currents are equal and opposite.

I11. Answer the following questions:

1. Is a transformer a device that steps-up and steps-down direct currents and

voltages?
2. How many coils are there in a transformer? How do we call them?

3. The ratio of the voltage in the secondary coil as compared to that in the primary
coil depends upon the amount of magnetic flux, the frequency of the alternating

current, and mainly the number of turns in the coils, doesn’t it?
4. What is the only current that flows in the primary coil or winding?

5. Is there any magnetic leakage in a well-designed transformer?

V. Be ready to discuss the following questions in pairs:

1. What is a transformer? What are its essential parts? How do they function?

2. How do we get a step-up, step-down and one-to-one transformer?

3. A transformer will not work on d.c. but it is rather often employed in direct-current

circuits, is it?
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UNIT 9.

Text1. ELECTRIC MOTOR

We know that generator transforms mechanical energy into electric energy.
The function of an electric motor is just the reverse, that is, it transforms electric
energy into mechanical energy. Electric motors are known to turn machinery and

various appliances.

There is a wide variety of d.c. and a.c. motors. There are shunt motors, series

motors, synchronous motors, induction motors, single-, two-, and three-phase motors.

Direct current motors are of three principal kinds. They are named according
to the manner in which their field coils are connected to the armature. They are
named respectively: series, shunt

and compound.

Frame _Stator

B, A.c. motors may be divided
2 £ Commutator
Brush

_assemny  1NtO twoO Kinds:

I. synchronous;
II. asynchronous or induction

S mabien motors.

There is certainly some
difference between electric motors and generators but in both of them we find an
armature with windings, a commutator and brushes combined with electromagnet for

producing the magnetic field.

I. Find in the text English equivalents for:

€JIEKTPUYHUNA JBUTYH MOCTIHHOTO CTPYMY, €JIEKTPUYHHUI ABUTYH 3 MOCHIJIOBHUM
30yKEHHSIM, ACUHXPOHHMUU JBHUIYH, OJHO(A3HUN JBUTYH, CHUHXPOHHHM IBUTYH,
IBUTYH 3 TMapajelibHUM 30YyJKEHHSM, JBUTYH 3MIHHOTO CTPyMy, JBHUIYH 13

3MIIIAHUM 30YyIKEHHSIM.
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I1. For the words given in A find the Ukrainian equivalents in B.

A B
1. turn 1. oOMoTKA
2. brush 2. mone
3. coil 3. BXin
4. field 4. eJICKTPUYHE KOJIO
5. winding 5. BUTOK
6. circuit 6. KOJIEKTOD
7. to supply 7. mocrayart, 3a0e31euyBaTh
8. armature 8. eHepris, MOTYXHICTb
9. input 9. miitka
10. commutator 10. sxip
11. output 11. Buxing
12. power 12. xoTymika

I11. Answer the following questions:

1. What is a motor used for?
2. What kinds of motors do you know?
3. What parts of a motor do you know?

4. Does electric motor transform mechanical energy into electrical energy?

Text 2.
ELECTRIC MOTOR

The electric motor is a device used to transform electrical energy into

mechanical energy. We know it to turn machinery and various appliances.

We have already seen the generator convert mechanical energy into electric
energy. Now, the process is reversed. It is electricity that is supplied to the machine

and it is motion that we obtain.
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From all that has been said in the previous articles about our getting magnetism
from electricity and about the generation of electric current by using magnetism, it is

obvious that generators and motors are similar in certain respects.

There is certainly some difference in detail but in both of them we find an
armature with windings, a commutator and brushes combined with an electromagnet

for producing the magnetic field.

However, in an electric motor, one shunt winding is not sufficient and a second
one called a series winding should be added. "Why is it necessary?" one might ask.
The fact is that the motor should have a powerful effect at the very moment when the
current is switched on, as for instance, in an electric tram or a train. A very strong
magnetic field is needed to obtain a so-called powerful starting torque. This is
achieved by adding a series winding to the magnetic coils.

. - »
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Fig. Shunt and series windings of armature and field coils

It is connected not in shunt with the armature but in series with it. Thus, all the
heavy starting current, passing through the armature winding, now passes through
the series field coil and provides a strong field necessary for starting, the shunt field
winding providing the running conditions.

No appliance ever created by man has probably such a wide range of sizes and
such a variety of application as a motor. In fact, on the one hand, there are all kinds of
mighty giants in the motor world.

These giants are known to perform innumerable operations wherever required.
On the other hand, there exist all kinds of small-sized and even minute motors which
are able to power various complex machines and operate equally well under any
conditions.
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Up to now, nothing was said of what a motor does in our homes. In a modern
home there are many different electric motors in machines and devices utilized to

meet our daily requirements: to tell the time, to wash clothes, to cool the refrigerator, to

Frame clean or brush various things, to shave,
Stator to circulate air in a warm room on a

hot summer day and so on.

In  fact, vacuum cleaners,
washing machines, and modern
refrigerators do work thanks to
electric motors. It follows that in the
electric motor we have a valuable

and powerful appliance capable of

fulfilling the required operations

exactly and with just the desirable power and rate of motion. It is readily switched on,

at will, and it continues running until we switch it off.

There are often cases when it is simply impossible to replace it by any other
means. In short, the motor finds application in industry and engineering, in

agriculture and transport, in medicine and our homes.

I. Answer the following questions.

. What device is discussed in the present article?

. What is a motor employed for?

. What kind of motors do you know?

. Does the generator convert electrical energy into mechanical energy?
. What parts of a motor do you know?

. What is a very strong magnetic field needed for?

. What does the shunt field winding provide?

. What does a motor do in our homes?

© 00 N oo O B~ W N -

. Do motors serve you every day?

10. Where does a motor find its wide application?
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I1. Find in the text Ukrainian equivalents for:

to turn machinery, to convert mechanical energy into electric energy, in certain
respects, an armature with windings, a commutator and brushes, a shunt winding, a
series winding, starting torque, a wide range of sizes, to perform innumerable
operations, to power various complex machines, to meet our daily requirements,

thanks to electric motors, find application, desirable power, rate of motion.

I11. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. The electric motor is a device used to transform mechanical energy into electrical

energy.
2. Generator converts mechanical energy into electric energy.
3. Generators and motors are similar in certain respects.

4. In generators and motors we find an armature with windings, a commutator and

brushes combined with an electromagnet for producing magnetic field.
5. In an electric motor, one shunt winding is quite sufficient.
6. A very strong magnetic field is needed to obtain powerful starting torque.

7. There are no small-sized or minute motors, only all kinds of mighty giants in the

motor world.
8. In a modern home there are many different electric motors in machines and devices.

9. Vacuum cleaners, washing machines, and modern refrigerators work thanks to

amplifiers.

10. The motor finds application in industry and engineering, in agriculture and

transport, in medicine and our homes.

IVV. Be ready to speak about the role of electric motors in our homes and in

industry.
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UNIT 10.

Text 1.
POWER TRANSMISSION

Whenever the electric energy is produced at the thermal, hydro- or atomic
power station, it is to be transmitted over wires to the substation and then to the
consumer. However, the longer the wire, the greater is its resistance to current flow

and the higher the resistance, the greater are the heating losses in electric wires.

These losses can be reduced in two ways. We can reduce resistance it is
necessary to make use of a better conducting material and it is possible to reduce

current in the transmission system by employing transformers.

It is known that high voltage means low current and low current reduces heat
losses. For this reason, high-tension transmission lines are being built in Ukraine

nNow.

I. Find in the text English equivalents for:

nepefaBaTd MO MPOBOJAX, TEIUIOBI BTpaTH, 3MEHIIYBaTH, OMIp, MPOBIIHUKOBI
Marepiaiad, BHUCOKOBOJIBTHI JIIHIT e€JEeKTponepenady, aroMHa eJeKTPOCTaHIIis,

BUKOPUCTAaHHS TpaHC(HOPMATOPIB.

I1. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. The longer the wire, the greater is its resistance to current flow.

2. The higher the resistance, the smaller are the heating losses in electric wires.
3. The electric energy is produced at the thermal, hydro- or atomic power plants.
4. Power is transmitted over wires to the substation and then to the consumer.

5. We cannot reduce heating losses in electric wires.

6. High voltage means small heat losses.
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I11. For the words given in A find the Ukrainian equivalents in B.

A B
1. charge 1. HaBaHTaKECHHS
2. circuit 2. Tedisl, MPOTIKaHHSA
3. turn 3. MpoBiJ
4. coil 4. mKepeno
5. stream 5. moTik
6. winding 6. 3’eTHYyBaTH
7. power 7. 130515TOP
8. to supply 8. 3apsn
9. load 9. oOmMoOTKa
10. wire 10. enepris
11. insulator 11. mocravaTw, 3a0e3nedyBaTi
12. source 12. koTymika
13. connect 13. mepenaBatu
14. to transmit 14. xomno
15. flow 15. BuTOK, 0OepTaTu
Text 2.
POWER TRANSMISSION

They say that about a hundred years ago, power was never carried far away

from its source. Later on, the range of transmission was expanded to a few miles.

And now, in a comparatively short period of time, electrical engineering has
achieved so much that it is quite possible, at will, to convert mechanical energy into
electrical energy and transmit the latter over hundreds of kilometres and more in any
direction required. Then in a suitable locality the electric energy can be reconverted

into mechanical energy whenever it is desirable.
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It is not difficult to understand that the above process has been made possible
owing to generators, transformers and motors as well as to other necessary electrical
equipment. In this connection one cannot but mention the growth of electric power
generation in this country.

It goes without saying

that as soon as the electric

() Power Plant

S energy is produced at the

N power-station, it is to be
3 transmitted over wires to the
substation and then to the
consumer. However, the
longer the wire, the greater

IS its resistance to current

@ Transformers fI oWw.

On the other hand, the
higher the offered resistance, the greater are the heating losses in electric wires. One
can reduce these undesirable losses in two ways; namely, one can reduce either the

resistance or the current.

It is easy for us to see how we can reduce resistance: it is necessary to make
use of a better conducting material and as thick wires as possible. However, such
wires are calculated to require too much material and, hence, they will be too

expensive.

Can the current be reduced? Yes, it is quite possible to reduce the current in the
transmission system by employing transformers. In fact, the waste of useful energy

has been greatly decreased due to high-voltage lines.

It is well known that high voltage means low current, low current in its turn
results in reduced heating losses in electrical wires. It is dangerous, however, to use
power at very high voltages for anything but transmission and distribution. For that

reason, the voltage is always reduced again before the power is made use of.
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I. Find in the text English equivalents for:

Jiama3oH Tepenadi, TEIUIOBI BTpAaTH, 3aBASKH TeHepaTropaM, HeOa)kaHi BTpaTH,
3MEHIIUTH OIip, 3MEHUIUTU CTPYM, i3 3aCTOCYBaHHSIM TpaHCc(OpMaTopiB, BTpaTH

KOPHCHO1 €Heprii, 3aBAsIKM BUCOKOBOJIBTHUM JIHISIM €JIEKTporepeaay

I1. Read the sentences, translate them into Ukrainian and decide if they are true
(T) of false (F).

1. Hundred years ago, power was never carried far away from its source.

2. Now it is not possible to convert mechanical energy into electrical energy and
transmit the latter over hundreds of kilometres.

3. The longer the wire, the greater is its resistance to current flow.

4. The smaller the resistance, the smaller are the heating losses in electric wires.

5. One can reduce these undesirable heating losses only by reducing resistance.

6. It is necessary use of a better conducting material and as thick wires as possible.

7. It is impossible to reduce the current in the transmission system by employing
transformers.

8. The waste of useful energy can be greatly decreased due to high-voltage lines.

9. It is dangerous to use power at very high voltages for anything but transmission

and distribution.

I11. Answer the following questions.

1. Is it possible, at will, to convert mechanical energy into electrical energy and
transmit the latter over hundreds of kilometres and more in any direction required?

2. What electrical equipment do we use in the transmission systems?

3. What is the dependence between resistance, current and heating losses?

4. Is it possible to reduce the current in the transmission system by employing transformers?
5. High voltage means low current; low current in its turn results in reducing heating
losses in electrical wires, doesn’t it?

6. Why do we always reduce the voltage again before the power is made use of?

7. Where do we use high voltages and why?
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AH2N0 — yKpaiHcoKuil c106HUK

A

ability — 3matHicTh
alternating current (a. c¢.) — 3MiHHUH

cTpy™M

alternator — renepatop 3MIHHOTO

CTpymMy
appliance — npunan
application — 3acrocyBaHHs

armature — skip
B

brush — mriTka
C

cable — kabenpb

case — BUIaJaokK

change — 3miHIOBaTH, IEPETBOPIOBATH
charge — 3apsin, 3apsypkaru

circuit — koo, cxema

coil — xorymika, 0OMOTKa
commutator — koJyiekTop
compound Motor — eeKTPOIBUTYH 13
3MIIIaHUM 30YIKEHHSAM

condition — ymoBa

conductivity — mpoBiaHICTh

connect — 3’eqHyBaTn

consumer — cnoxuBa4d

copper — Mijib

core — oceps
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current — crpym

cycle — repir, UK
D

decrease — 3MeHIITyBaTH

device — npunan, npucTpiit

direct current (d. ¢.) — mocriitauii ctpym
direction — Hampsm

drive — mpuBOANUTH B PyX, MPUBO/T
E

electricity — enexrpuka
electromotive force (e. m. f.) —
enektpopyiirina cuia (EPC)
equip — ocHararu, o0 IHyBaTH,

equipment — o6agHaHHS
F

field — mose

field coils — oOMoTKa 30y TKEHHS
flow — TexTH, mpoTikaTH, MOTIK
flux — moTik

frequency — gactora
G

generate — BUTOTOBIIATH
generator — remeparop

glass — ckio
H

heat — remno



heating — narpiBanss, oOirpiBaHHS
high-tension — BucokoBoIbTHHUIA

hydro- — rigpo-
I

INnCcrease — 301IbIIYBaTH
induction — iHayKIis
input — BXizx

installation — ycrtanoBka
insulator — izomsTOp
iron — 3aiizo

J

K

L

lighting — ocBiTineHHs
load — HaBanTa)KEHHS
losses — Brpatu

M

machinery — mexanizm
motion — pyx
N

a number of — nexinepka, 6araro
(0)

offer — mpononyBatu
Opposite — mpoTHICKHMI
output — Buxif, (BUXi/HA) MOTYXHICTh

P

path — msix

phase — ¢a3a

plant — craniis, 3aBoj

POWEr — eHepris, NOTYKHICTb

power station — ejekTpuyHa CTaHIIis
primary — nepBUHHHN

produce — BUTOTOBJISTH

provide — 3abe3neuyBatu

pUrpose — ik

Q
R

reduce — 3meHmryBatu
resistance — omip

rest — CIIOKii, B CcTaH1 CIIOKOIO
reverse — 3BOpOTHIi, 3MIHIOBaTH
HaIpsiM Ha 3BOPOTHIM
revolution — obept

rotate — o6epraru

rubber — ryma, kayayk

rubbing — tepts
S

secondary — BTOpUHHUIA
Series — nmociaigoBHUN
series motor — IBUTYH 3 TIOCITiJIOBHUM
30yKEHHSIM

short circuit — KOpoTKe 3aMUKaHHS
shunt motor — nBUryH 3 mapajieibHUM
30y KEHHSIM
silver — ¢cpibmno
single- — oxHo-

SOUrCe — JKepeno



stationary — crarionapHuit
steam engine — mapoBuii IBUTYH
step down — nmoHmwKyBaTH

step up — miaBUIIYBATH

stream — noTik

substance — peuoBuHa

supply — 3anac, nocrauatu

switch — mepemukaTu, mepeMuKay
T

thermal — TerutoBuit
transformer — tpancgopmarop
transmission — nmepenava
transmit — nepegaBatu

turbine — TypGina
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turn — obeptaru, oGept

U

unit — oguHULA

unit of measure — oxuHHIA
BUMIPIOBaHHS

VvV

voltage — mampyra

W

winding — o6mMoTKa

wire — mpoBi, aApiT

X
Y



Pre-1885

1700s

1830-1839

1860s

1763-1774

TEXTS FOR ADITIONAL READING

SIGNIFICANT EVENTS
IN THE HISTORY OF ENERGY BY FUEL

WOOD (BIOMASS)

Wood was the primary source for cooking, warmth, light, trains, and

steamboats; cutting wood was time-consuming, hard work.

ELECTRICITY

After eons of superstitious imaginations about electricity, Ben Franklin
figured out that static electricity and lightning were the same; his correct

understanding of the nature of electricity paved the way for the future.

Michael Faraday built an induction dynamo based on principles of

electromagnetism, induction, generation, and transmission.

Mathematical theory of electromagnetic fields was published; Maxwell
created a new era of physics when he unified magnetism, electricity, and
light; one of the most significant events, possibly the very most
significant event, of the nineteenth century was Maxwells discovery of
the four laws of electrodynamics (“Maxwells Equations”), which led to

electric power, radios, and television.
COAL

Pumping water from coal mines was a most difficult and expensive
problem; the steam engine developed by James Watt during these years
provided the solution; Watt’s steam engine remained basically
unchanged for the next century, and its uses expanded to change the

whole nature of industry and transportation.
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1885-1950

Late 1860s
1982

1870

1890

Coal was the most important fuel; one-half ton of coal produced as much
energy as 2 tons of wood and at half the cost, but it was hard to stay

clean in houses heated with coal.
The steel industry gave coal a big boost.

Coal accounted for more than half of the supply of electricity, but little
was used in homes; in terms of national electricity generation,
hydropower, natural gas, and nuclear energy contributed between 10%
and 15% each.

OlIL

Oil had become the country’s second biggest export after Edwin Drake
started the industry.

Mass production of automobiles began, creating demand for gasoline;

prior to this, kerosene used for lighting had been the main oil product.

1951-present Oil has given us most of our energy; automobiles increased the

1960

1970

1993

1906

demand for oil.

The Organization of Petroleum Exporting Countries (OPEC) was formed
by Iran, Irag, Kuwait, Saudi Arabia, and Venezuela; the group has since

grown to include 11 member countries.

U.S. production of petroleum (crude oil and natural gas plant liquids)
reached its highest level at 11.7 million barrels per day; production in the
lower 48 states has been generally declining since 1970; some of this

decline has been offset by increased Alaskan production after 1978.

For the first time, the United States imported more oil and refined
products from other countries than it produced. This trend continues

today.
NUCLEAR

Albert Einstein discovered the special theory of relativity which unified

mass, energy, magnetism, electricity, and light with the equation E = mc?
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1942
1957
1995

1826
1860

1917-1918

1920s

1930s

1945-1978

1975

(energy = mass times the square of the speed of light); this led to nuclear
medicine — and a much longer life span — astrophysics, and

commercial nuclear electric power.
Scientists produced nuclear energy in a sustained nuclear reaction.
The first commercial nuclear power plant began operating.

Nuclear power contributed about 20% of the nation’s electricity.
ETHANOL

Samuel Morey developed an engine that ran on ethanol and turpentine.

German engine inventor Nicholas Otto used ethanol as the fuel in one of his
engines; Otto is best known for his development of a modern internal

combustion engine (the Otto Cycle) in 1876.

The need for fuel during World War | drove up the ethanol demand to

50-60 million gallons (189-227 million liters) per year.

Gasoline became the motor fuel of choice; Standard Oil began adding

ethanol to gasoline to increase octane and reduce engine knocking.

Fuel ethanol gained a market in the Midwest; more than 2,000 gasoline
stations in the Midwest sold gasohol, which was gasoline blended with

between 6% and 12% ethanol.

Once World War 1l ended, with reduced need for war materials and with
the low price of fuel, ethanol use as a fuel was drastically reduced; from
the late 1940s until the late 1970s, virtually no commercial fuel ethanol

was available anywhere in the United States.

The United States begins to phase out lead in gasoline; ethanol becomes
more attractive as a possible octane booster for gasoline; the
Environmental Protection Agency (EPA) issued the initial regulations
requiring reduced levels of lead in gasoline in early 1973; by 1986, no

lead was to be allowed in motor gasoline.
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1979

1979

1988

1992

1900s

1960

1972

1977

1978

1982

Marketing of commercial alcohol-blended fuels began; Amoco Oil
Company began marketing commercial alcohol-blended fuels, followed

by Ashland, Chevron, Beacon, and Texaco.

Congress enacted a series of tax benefits to ethanol producers and

blenders; these benefits encouraged the growth of ethanol production.

Ethanol was first used as an oxygenate in gasoline; Denver, Colorado,
mandated oxygenated fuels (fuels containing oxygen) for winter use to

control carbon monoxide emissions.

The Energy Policy Act of 1992 (EPACT) provided for two additional

gasoline blends — 7.7% and 5.7% ethanol, respectively.
GEOTHERMAL

Conversion of high-grade hydrothermal resources to electricity began in

Italy.

The first commercial-scale development tools were placed in California

at The Geysers, a 10-megawatt unit owned by Pacific Gas & Electric.

Deep well drilling technology improvements led to deeper reservoir

drilling and access to more resources.

Hot dry rock was demonstrated in 1977; scientists developed the first hot

dry rock reservoir at Fenton Hill, New Mexico.

U.S. Department of Energy (DOE) funding for geothermal research and
development was $106.2 million in fiscal year 1978, marking the first
time the funding level surpassed $100 million; it remained at more than
$100 million until fiscal year 1982, when it was reduced to $56.4

million.

Geothermal electric generating capacity, primarily utility-owned,

reached a new high level of 1,000 megawatts.
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1988

1994

1995

U.S. Department of Energy and the Electric Power Research Institute
operated a 1-megawatt geopressured power demonstration plant in
Texas, extracting methane and heat from brine liquids.

California Energy became the world’s largest geothermal company
through its acquisition of Magma Power; near-term international markets
gained the interest of U.S. geothermal developers.

During the period 1985-1995, U.S. geothermal developers had added
nearly 1,000 megawatts of geothermal electric generating capacity
outside The Geysers; worldwide geothermal capacity reached 6,000

megawatts.

Source: U.S. Department of Energy
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THE HISTORY OF ENERGY

Beginning in ancient times, fire was discovered and put to work. This type of
energy allowed primitive peoples to cook, heat their dwellings, and scare wild
animals away. This chapter explores the history of the discovery and use of energy
and the importance it played in the development of human civilization. It begins by
looking at the historical development of different forms of energy and then examines

the development of energy in the United States.

THE HISTORICAL DEVELOPMENT OF ENERGY

Humans have used fire for thousands of years — even as far back as the late
Stone Age. Archaeologists have determined that cave dwellers kept their caves warm
with fires that were kept continually burning. Later, humans used fire in more
sophisticated ways, such as for cooking food, providing light, firing pottery, smelting

ore, and making glass.

In ancient times, people used the energy stored in their own muscles to do work,
such as hunting, gathering food, and building shelter. Simple tools were invented to
assist in these efforts. The earliest tools were made of wood. Later, they were made
from metal. Human power was also used to make the first boats and then to propel

them by using poles and oars.

Some of the work was very difficult to do with just human power, so people
turned to animals such as oxen. Animals supplied the energy necessary to complete
several tasks: they provided transportation, helped move heavy goods from one place
to another, and were used to plow fields for cultivation and pump water for irrigation.
People have used animals to pull plows for thousands of years; the first plows can be
traced back to Mesopotamia in 4000 B.C.
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Wind Energy

Wind is another usable energy source that can be traced back thousands of years.
The first mechanical device that was built to use the wind as a source of power was
the sailboat. Sailboats and larger sailing ships provided a critical service because they
allowed humans to begin exploring and trading with other civilizations. For this,

harbors were built, creating towns and cities along coastlines around the world.

The first sailing ships had simple square sails that simply carried them in the
direction the wind blew. It was Arab sailors who discovered how to sail into the wind
using a triangular sail called the lateen — similar to the triangular sails that are still

used today.

The first machine designed to use wind power to do work on land was the
windmill, which was invented in the seventh century in Persia (now Iran). This new
technology then spread to the Middle East and other countries such as India and
China. The windmill was one of the first large-scale inventions designed to make
peoples’ workloads easier. Windmills were initially used to grind grain between
heavy millstones to make flour. They were also used to pump water from rivers to
irrigate crops. In sawmills, people used the motion of the shaft to run a saw, which

slid up and down to slice rough logs into pieces of lumber.

Windmills were not built in Europe until the twelfth century. The Europeans
used them to generate power and invented a new type of mill, called the post mill. A
center post grounded this type of windmill, and the whole building turned around the
center post so that the sails always faced into the wind. The stationary windmill —
where only the top of the structure in which the sails were mounted turned into the

wind — followed this.

Wind-powered grain mills and sawmills were replaced by more efficient
machinery in the early 1900s. Some farmers still use windmills today, however, to
pump water and drain flooded areas and to pull up underground water for irrigating
crops. Today, high-powered windmills, called wind turbine generators, are used to
make electricity.
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Solar Energy

Solar energy has also been used since ancient times. The Greeks and Romans
were among the first civilizations to use solar energy. They built their homes and

other buildings facing south in order to take advantage of the Sun’s strongest rays.

The American Indians also considered the sun when they built their dwellings.
They built their structures of thick clay, which is able to absorb and hold heat from
the Sun. People then learned to use the Sun to power machinery. Solar pumps and
furnaces existed in the 1700s. By the 1800s, inventors were working with solar steam
engines. Today, scientists continue to work with solar energy to find better ways of

gathering and storing the sun’s energy.
Fossil Fuels

It has been documented that the Chinese were using coal as early as 1000 B.c. to
bake porcelain. The ancient Greeks also wrote about it in their history. In the Western
countries, many of the forests had been destroyed by the 1100s to build houses and
ships. Wood to heat houses became expensive, so people began looking for alternate

ways to provide heat to their homes.

By the 1600s, coal had grown in popularity as a heating source. It was also used
in breweries, glass-making, brick making, and many other businesses. Coal continued
to grow in popularity. Originally, it was mined from shallow near-surface deposits.
As this coal was used, miners began building mine shafts in order to go deeper into

the ground where many coal deposits existed.

Coal mining was very hazardous. Shafts and tunnels had to be supported by
beams. There was also the constant danger of cave-ins, explosions, or fires. By the
beginning of the 1700s, coal was used in tall furnaces. This marked the beginning of
the Industrial Revolution. England had many coal deposits, and during that time, it
became a very wealthy nation because of this. With the invention of the steam

engine, the demand for coal further increased. Coal is the energy source that
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significantly changed civilization and triggered the development of the modern

world.

People have used petroleum since at least 3000 B.C. Mesopotamians used “rock
oil” in architectural adhesives, ship caulks, medicines, and roads. Two thousand years

ago, the Chinese refined crude oil for use in lamps and in heating homes.

In the past, petroleum was collected in small containers from where it oozed
from the ground. In America, the Indians, doctors, and pharmacists used it as a form
of medicine. For example, the Indians had used it for hundreds of years to treat skin

sicknesses and breathing difficulties.

People then began to find other uses for petroleum. Eventually, it replaced whale
oil for lighting, and the oil lamp was invented. Most experts credit Edwin L. Drake
with starting the oil industry on a large scale. In 1858, the Seneca Oil Company,
which was interested in oil as a fuel, hired Drake to drill a well near Titusville,

Pennsylvania.

Drake worked with Billy Smith, a well digger, and dug one pit after another.
The men used a wooden rig and a steam-run drill. Because each pit they dug was
threatened with water and cave-ins, Drake ran an iron pipe deep into the ground and
drilled from inside it. The pipe acted as a casing and kept Drake’s path clear for
drilling. About a year later, Drake and Smith had dug a well 69.5 feet (21.2 meters)
deep. On August 27, 1859, the oil suddenly swept up the shaft.

Gas as an energy source was first manufactured in the late eighteenth century.
Scientists discovered that gas could be produced from heating coal without using air

— because of this, the gas was called coal gas.

William Murdock, a British engineer, is known as the father of the gas industry.
In 1792, he was using gas to light his own home. Coal gas was first used for public
lighting with gas-lit street-lamps and public buildings. From there, its use spread to

private homes.

59



In order to transport the gas, it was stored in elastic water skins that were stowed
in horse-drawn wagons. A long tube fitted with a tap was put into the water skins.
This controlled the dispensing of the gas. The wagon delivered the gas to individual
homes by plugging the tube into the customer’s tank. The tap was then opened, and
straps were tightened around the water skins to force the gas from the skin into the

tank. Eventually, gas was stored in cylinders, making it less cumbersome to deliver.

Gas began to be used as a fuel in other modes of transportation, as well. Trains,
steamboats, and ships carried gas in bottles. As the demand for gas increased, more
efficient delivery methods were experimented with, and eventually pipes were placed
underground to directly deliver the gas from factory to home. By this time, gas was

not only used for lighting, but for cooking and heating, as well.

Electricity

In 1802, Sir Humphrey Davy, an Englishman, invented the first electric light. He
experimented with passing an electric spark between two conductors stuck in a
battery. He added a small charcoal rod at the end of each conductor. His apparatus

was then enclosed in a glass globe.

For the next few decades, inventors used this invention to light entire cities.
Other inventors dreamed of having the electric light available in every home. They
encountered many problems, however, in making this work. The power of the bulb
needed to be refined, and a feasible method of delivering the light to customers had to

be developed.

The American inventor Thomas A. Edison solved these problems. Through
experimentation, he refined the light-bulb. A very fine carbon wire controlled the
bulb’s glow. His work was the model for the modern-day bulb. In 1882, Edison also
developed one of the first electrical power plants that generated and distributed
electricity. It made affordable electricity possible and had a profound effect on

peoples’ lives.
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People dreamed of building the ideal engine. A Belgian electrician — Zenobe
Gramme — found the solution. He and his associate, Hippolyte Fontaine, invented a

special steam machine that could run two generators.

A generator is a device that changes mechanical energy into electrical energy.
These two inventors reasoned that if one generator quit working, the other could just
replace it. But while one generator was producing electricity, the other was also in
motion, working. They realized their machine was also reversible. It could change its
own electrical energy into mechanical energy. This invention became the first electric

motor.

The electric motor was first used as energy to power trains. It appeared in 1879
in Germany and then in England in 1887. In 1895, the electric train concept was
brought to the United States.

Today, in most areas of the world, diversity and evolution of energy supplies has
been the rule. In many areas, human labor, animal power, and biomass energy (wood)

are still the primary sources of energy.

THOMAS EDISON

Thomas Edison was born in 1847 in Milan, Ohio. Even as a young boy, Edison
had an unending curiosity about the way things worked. He liked to experiment with
different gadgets to see if he could make them work better. He even set up a

laboratory in his house, where he conducted experiments.

He invented many objects in his laboratory. His inventions include the
phonograph, the first light-bulb, and the first power plant. The power plant — called
Edison’s Pearl Street Power Station — opened in 1882 in New York City. It sent

electricity to 85 customers and made enough power to light 5,000 lamps.

MICHAEL FARADAY

Born in 1791 to a poor family in England, Michael Faraday had an unstoppable

curiosity. He became interested in the concept of energy — specifically the issue of
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force. He conducted many experiments on force and was able to make important

discoveries concerning electricity.

He eventually became a famous chemist and physicist. He built two devices to
produce electromagnetic rotation — a continuous circular motion from the circular
magnetic force around a wire. In 1831, using his “induction ring,” he made one of his

greatest discoveries — electromagnetic induction.

This is the induction, or generation, of electricity in a wire by means of the
electromagnetic effect of a current in another wire. The induction ring was the first
electric transformer. Faraday also invented the first generator. From his experiments

came devices that led to the modern electric motor, generator, and transformer.

DEVELOPMENT OF ENERGY IN THE UNITED STATES

The United States has always been a resource-rich country, but in 1776 — when
the nation declared its independence from Great Britain — nearly all energy was still
supplied by muscle power and fuel wood. America’s huge deposits of petroleum and
coal lay undiscovered and untapped. There were small amounts of coal being used to
produce coke — which was used to cast cannons. The mills constructed at the time

used waterpower, and ships used wind power.

Wood energy has been a significant part of the U.S. energy source since colonial
times. It was the dominant energy source from the founding of the earliest colonies
until the 1800s. Fuel wood use continued to grow, but chronic shortages of energy
encouraged the search for other sources. During the first 30 years or so of the
nineteenth century, coal began to be used in blast furnaces and in making coal gas for
illumination. After that, however, the modern era is noted for the rapid appearance of

new sources of energy.

Coal ended the long dominance of fuel wood in 1885. As westward expansion
occurred, and railroads were built across the country, the demand for coal increased.
It remained the principal energy source until 1951, when petroleum, and then natural

gas, became the most used energy source.
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Petroleum got its initial start as an illuminant and ingredient in patent medicines
but did not catch on as a fuel source right away. Petroleum gained increasing
importance with the discovery of Texas’s vast Spindletop Oil Field in 1901 and with
the advent of mass-produced automobiles — several million of which had been built
by 1918. World War Il also pushed the popularity of petroleum up because trucks ran

on gasoline and diesel fuel.
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Wood (biomass) energy has been a significant part of U.S. energy consumption
since colonial times. Fuel wood was the dominant energy source from the founding
of the earliest colonies until the middle of the 1800s. Coal then became the dominant
energy source; but after 1950, petroleum and natural gas have been in greater

demand.

Hydroelectric power appeared in 1890, and nuclear electric power appeared in
1957. Solar photovoltaic, advanced solar thermal, and geothermal technologies

represent even more recent developments in energy resource evolution.

The most drastic change to society from energy was largely due to Edwin
Drake’s introduction of petroleum as an energy source. Although the consumption of
petroleum did not take off initially, it climbed drastically in the mid-twentieth
century. Neither before nor since has any source of energy become so dominant so
quickly.
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The first half of the twentieth century in the United States marked the shift from
muscle power to machine power. Horses, mules, and other draft animals were
invaluable up until the mid-1900s. In 1870, draft animals accounted for more than
half of the source of power for transportation and machinery. Their displacement by
fossil fuel engines meant the disappearance from cities and farms of millions of

animals.

As fossil fuels gained a foothold in the economy, the very nature of work
evolved along with the fundamental social and political circumstances in the nation.
In the middle of the nineteenth century, most Americans lived in the countryside and
worked on farms. By the middle of the twentieth century, the United States had
become the world’s largest producer and consumer of fossil fuels. Most Americans
were city-dwellers, and fewer Americans worked in agriculture. The United States
had tripled its per capita consumption of energy and had become a global

superpower.

Most of the energy produced today in the United States — as in the rest of the
industrialized world — comes from fossil fuels: coal, natural gas, crude oil, and

natural gas plant liquids. Fossil fuels together far exceed all other sources of energy.

Throughout its history, the United States has been mostly self-sufficient in
energy production, although small amounts of coal were imported from Britain in
colonial times. Through the late 1950s, production and consumption of energy were
nearly in balance. Over the following decade, however, consumption began to grow

more than domestic production.

By the early 1970s, the gap grew even wider — the United States couldn’t
produce enough energy to meet the demand. According to the U.S. Department of
Energy, in 2000 the United States produced just less than 72 quadrillion Btus of
energy and exported 4 quadrillion Btus. The American public, however, consumed 98
quadrillion Btus, requiring 29 quadrillion Btus to be imported — this was 19 times

the 1949 level of consumption.
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Petroleum demand and consumption is the reason the United States must import
so much energy. In 1973, the United States imported 6.3 million barrels per day. In
October 1973, the Arab members of the Organization of Petroleum Exporting
Countries (OPEC) embargoed the sale of oil to the United States, after which prices
rose sharply, and petroleum imports fell for two years. Imports increased again until
the price of crude oil rose dramatically (1979-1981) and imports lessened. The rising
import trend resumed by 1986 and, except for slight dips in 1990, 1991, and 1995,
has continued ever since. In 2000, U.S. petroleum imports reached an annual record

level of 11 million barrels a day.

Conservation and efficiency have become a trend in the recent past and the
efficiency with which Americans use energy has improved over the years. Even
though efficiency has increased, however, energy use has historically continued to

rise.

Energy plays a crucial role in the operation of the industrialized U.S. economy,
and a lot of energy is used. According to the U.S. Department of Energy, American
consumers spend more than half a trillion dollars a year on energy. Energy is
categorized into four principal uses: residential, commercial, industrial, and

transportation. Over the years, industry has used the most energy.

Energy sources have also changed over the years. In the commercial and
residential sectors, coal was the leading source of energy until 1951, but then its use
declined rapidly. Petroleum usage grew slowly to its peak in 1972 and then subsided.
Natural gas became an important resource, growing strongly until 1972, when its
growth drastically slowed. The use of electricity, only an incidental source of energy
in 1949, has expanded in almost every year since then and so have the energy losses

associated with producing and distributing the electricity.

According to the U.S. Department of Energy, the drastic increase in electricity
has happened mainly in the residential sector — reflecting the increased availability,
use, and dependence households have on electrical appliances and systems. For

example, in 1997, 99% of U.S. households had a color television set and 47% had
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central air conditioning. Eighty-five percent of all households had one refrigerator;
the other 15% had two or more. In 1978, only 8% of U.S. households had a
microwave oven, but by 1997, microwaves existed in 83% of the homes. In 1990,
16% of households owned a personal computer; by 1997, the ownership rate had

risen to 35%.
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Energy consumption in the United States by end use is depicted in the above graph.

Heating homes in the United States has also involved major shifts in energy
sources. For example, in 1950, one-third of the homes were heated by coal; but by
1999, that number had dropped to less than one percent. In 2000, the main sources of
energy to heat homes shifted to natural gas and electricity. Like residential buildings,

most commercial buildings today are also heated by natural gas and electricity.

In the industrial sector, the use of electricity has increased, while the use of coal
has decreased, and petroleum and natural gas have fluctuated. More than half the
energy consumed in the industrial sector is used for manufacturing, especially in the

petroleum, chemical, metal, and paper product industries.

Natural gas is the most commonly consumed energy resource in manufacturing.
A relatively small amount of energy is used for other types of manufacturing, such as

asphalt roof products, roadbed materials, pharmaceuticals, inks, and adhesives.
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Petroleum is the principal source of energy for transportation. Of every 10
barrels of petroleum consumed in the United States in 2000, nearly half were used to
make motor gasoline. The five leading suppliers of petroleum to the United States are
Saudi Arabia, Canada, Venezuela, Mexico, and Nigeria (Source: U.S. Department of

Energy, Energy Information Administration).

Electricity has become an increasingly significant energy resource in the United
States. Most electricity is produced from coal (which provides more than half of the
electricity generated), hydroelectric power, natural gas and petroleum, and nuclear

power.

Just as electricity’s applications and sources have changed over time, the
structure of the electric power sector is also evolving. It is moving away from the
traditional, highly regulated organizations known for decades as electric utilities
toward an environment marked by lighter regulation and greater competition from
non-utility power producers. Based on data from the U.S. Department of Energy, in
2000, non-utility power producers produced 26% of the total electricity made

available.

Modern renewable sources (such as wind, water, and wood) in the United States
contribute about as much to total energy consumption, as does nuclear power.
Hydroelectric power generation, which uses the water stored in reservoirs behind
dams to drive turbine generators, accounts for a large share of U.S. renewable energy

output.

Much of U.S. renewable energy today comes from wood and waste. These
energy sources include: wood, methanol, ethanol, peat, wood liquors, wood sludge,
railroad ties, pitch, municipal solid waste, agricultural waste, straw, tines, landfill gas,
and fish oil. Wood and its by-products are the most heavily used form of biomass and
are an important source of energy for such industries as lumber and paper
manufacturing. Geothermal energy accounted for 5% of the U.S. renewable energy in
2000.
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Solar energy (photovoltaic and thermal) and wind energy contribute least of all
to the renewable energy sector — only about 2% in 2000. Most of the solar thermal
collectors (91%) went for residential uses, and most of these were used to heat
swimming pools. Four percent were used to heat water. Wind energy production rose
113% between 1989 and 2000, but it is still a small component of renewable energy

use in the United States.

RENEWABLE and NON-RENEWABLE
RESOURCES

There are two general classes of resources: renewable and non-renewable. A
renewable resource is a resource that can be replenished. It is a resource that can be
replaced by natural ecological cycles, Earth system cycles, and good management
practices. The opposite of this is a nonrenewable resource — a resource that cannot

be replenished (once it is gone, it is gone for good).

For practical applications, scientists consider a renewable resource one that can
be replenished within one generation of a human’s lifetime (approximately 20-30
years). Resources such as fossil fuels and nuclear energy (uranium) are
nonrenewable. Even though the same geologic processes that form them are still
happening on the Earth today, these resources will not be replaced within our lifetime
because they take millions of years to form. As a result, they are not renewable

resources for the present life on Earth.

Even though there are many different types of energy resources, they fit into
either a nonrenewable or renewable category. Nonrenewable resources are the fossil
fuels and uranium (for nuclear energy). They are the resources being depleted
because of constant use. On the other hand, there is no shortage of renewable energy
from the sun, wind, and water. Even what is usually thought of as garbage — dead
trees, branches, lawn clippings, sawdust, livestock manure, and leftover crops (called

biomass) — can produce electricity.
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NON-RENEWABLE ENERGY RESOURCES

Nonrenewable energy sources come out of the ground as liquids, gases, and
solids. Crude oil (petroleum) is the only naturally liquid commercial fossil fuel.

Natural gas and propane are normally gases, and coal is a solid stored in beds.

The United States currently gets 88% of its energy from fossil fuel energy
sources (Source: U.S. Department of Energy, Energy Information Administration).
Fossil fuels — primarily coal, oil, and natural gas — were formed hundreds of
millions of years ago, before the time of the dinosaurs, from decomposed plant and
animal matter. When fossil fuels are burned, they release greenhouse gases and other

pollutants into the atmosphere.

Uranium ore, a solid, is mined and converted to a fuel. Uranium is not a fossil
fuel — it is a radioactive, metallic element. Nuclear energy, also a nonrenewable
resource, provides about 8% of the energy in the United States. Its radioactive fuel —
typically uranium — is used up in the process of energy production, and the spent
radioactive waste must then be stored for tens of thousands of years before it
becomes safe. Because of this, there is a high amount of controversy over the use of
nuclear power.

Oil (petroleum)

Oil was formed from the remains of animals and plants that lived millions of
years ago in a marine (wet) environment. Over the years, layers of mud covered the
remains. Heat and pressure from these layers helped the remains turn into what is
referred to as “crude” oil. The word petroleum means “rock oil” or “oil from the

Earth.”

Crude oil is a yellow-to-black liquid and is usually found in large underground
areas called reservoirs. Scientists and engineers explore a chosen area by studying
rock samples from the Earth. Measurements are taken, and if scientists believe it is a
formation that contains oil, drilling begins. Above the hole, a triangular structure
called a derrick is built to house the tools and pipes that go into the well. Once a well
is drilled to the correct depth, a steady flow of oil comes to the surface.
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Much of the crude oil in the United States comes from California, Texas, and
Louisiana — much of it produced offshore. Even though the United States is one of
the world’s major oil producers, more than 60% of the crude oil and petroleum

products used in the United States are imported from other countries.

After crude oil is removed from the ground, it is sent to a refinery by pipeline,
ship, or barge. At a refinery, different parts of the crude oil are separated into usable

petroleum products. Crude oil is measured in barrels.

A 42-U.S.-gallon (158 liter) barrel of crude oil provides a little more than 44
gallons (167 liters) of petroleum products. This 2-gallon (9 liter) gain happens when
the crude oil is processed. One barrel of crude oil, when refined, produces 19.9

gallons (75.3 liters) of motor gasoline along with other petroleum products.

Most of the petroleum products are used to produce energy — to fuel airplanes,
cars, and trucks. Other common products are also made from petroleum, such as ink,
bubble gum, crayons, deodorant, dishwashing liquid, eyeglasses, ammonia, tires,
records, makeup, plastic products, heart valves, and medicine. Products from oil are

used every day in many ways.

What a Barrel of Gas Represents

In the early 1860s, when oil production began, there was no standard container
for oil, so oil and petroleum products were stored and transported in barrels of all
different shapes and sizes, such as beer barrels, fish barrels, molasses barrels, and
turpentine barrels. By the early 1870s, the 42-gallon (158 liter) barrel had been
adopted as the standard for oil trade — 2 gallons (9 liters) more than the 40-gallon
(149 liter) barrel that had been previously adopted as the standard for oil trade.

This extra oil was to allow for evaporation and leaking during transport (most
barrels were made of wood). Standard Oil began manufacturing 42-gallon (158 liter)
barrels, that were blue, to be used for transporting petroleum. The use of a blue barrel

— abbreviated bbl — guaranteed a buyer that this was a 42-gallon (158 liter) barrel.
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There are environmental impacts associated with petroleum, however, such as
air and water pollution. Over the years, as people have become more
environmentally aware, new technologies and laws have been put in place to

reduce the negative impacts.

Because petroleum has an impact on the environment, the federal government
monitors its production, refinement, transportation, and storage. Since 1990, fuels
made from petroleum have been improved so that they produce lower amounts of

pollution.

Because exploring and drilling for oil can also adversely impact land and
ocean habitats, new technology has been developed in recent years to reduce the
disturbance. The use of space satellites, global positioning systems, remote
sensing (aerial photos and satellite images), and 3-D and 4-D seismic
technologies allow engineers and scientists to discover and explore new wells

without harming the surrounding natural environment.

Due to the invention of movable drilling rigs and smaller drilling rigs,
today’s production impact is only about one-fourth of what it was 30 years ago,

according to experts at the U.S. Department of Energy.

When all the oil from a well is gone, the well is plugged below ground.
Some offshore rigs are then knocked over and left on the sea-floor to become
artificial reefs that attract fish and other marine life, such as coral, sponges,

and barnacles.

If oil is spilled into rivers or oceans, it can harm wildlife. Leakage from ships
has been reduced since the 1990s, when ships were required to have a “double
hull” lining to protect against spills. The largest percentage of oil that leaks into

water is from natural oil seeps coming from the ocean floor.

Fuel can also leak from motor boats and jet skis and enter the water. Oil
products used on land (such as used motor oil) can eventually get washed

downstream to contaminate rivers and oceans.
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Natural Gas
Natural gas is formed the same way as petroleum — from the remains of ancient
plants and animals. Over time, pressure and heat from the Earth changed some of this
organic material into natural gas — tiny bubbles of odorless gas. The main ingredient in

natural gas is methane, a gas composed of one carbon atom and four hydrogen atoms.

Gas escapes from small spaces in the rocks into the air. When people first saw
flames emitted from natural gas areas during electrical storms, they experimented

with the gas and discovered how natural gas could be used.

Natural gas is found in geologic settings similar to where petroleum occurs.
Geologists use seismic surveys to locate likely areas to drill for gas deposits. They
commonly use seismic surveys, which use vibrations on the Earth’s surface to send
out echoes and collect information about the rocks beneath the ground. If a site looks
promising, the area is drilled. Many of the nation’s drilling rigs are offshore, deep in
the ocean. Once gas is found, it flows up through the well to the surface of the ground

and then into large pipelines.

Some of the gases produced — besides methane — are butane and propane.
Propane can be used to heat homes or cook food on a barbecue grill. Because natural
gas is naturally colorless, odorless, and tasteless, mercaptan (a chemical that smells
like sulfur) is added to it as a safety precaution in case of a leak (a natural gas leak

can be fatal if a person breathes it in).

Other machines, called “digesters,” turn organic material — such as food, plants,
animal waste, and garbage composed of these materials — into natural gas. Natural
gas is also a raw material for many products used every day, such as paint, fertilizer,
antifreeze, plastic, dyes, photographic film, medicines, and explosives. Natural gas
has thousands of uses. It is used to produce steel, glass, paper, clothing, brick, and
electricity. According to the U.S. Department of Energy, more than 61.9 million

homes use natural gas to fuel furnaces, water heaters, and clothes dryers.
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Natural gas is one of the ‘“cleaner” fossil fuels because it produces fewer
pollutants. It also has fewer emissions than coal or oil and does not release ash

particles after it is burned.

Coal
Millions of years ago, huge forests covered the Earth’s surface. Some of the
forests were later covered by water. The plants died and formed a thick layer of
vegetative matter. As it hardened, this layer became peat. Through time, layers of soil
and sediment covered the peat. Buried under heavy layers of sediment, the peat was

protected from the air. Over many years, the peat was transformed into coal.

Throughout geologic time, this process happened repeatedly, which formed
distinctive beds of coal. Layers of buried coal are also called coal seams or coal
veins. Coal seams usually lie parallel to the Earth’s surface, which means the oldest

coal is buried the deepest — unless geologic processes have disturbed it and tilted it.

Coal that is mined near the surface of the ground is done using a technique
called strip mining, also called open cast mining. Miners dig the coal from an

exposed seam. Deeper seams are mined using underground tunnels.

According to the U.S. Department of Energy, the United States produces more
than one-fifth of the world’s coal. Coal is used to generate more than half of all
electricity produced in the United States. It is also used as an energy source in the
steel, cement, and paper industries. Most U.S. coal beds are located near the ground’s
surface. Modern mining methods allow easy access to these reserves. Coal is used for
four main purposes: for the generation of electric power, for industry, for making

steel, and as an export commaodity.

Power plants burn coal as a fuel in order to produce steam. The steam is
necessary to turn turbines, which generate electricity. Electric utility companies use
more than 90% of the coal mined in the United States. Many industries use coal’s
heat and by-products. Separated ingredients of coal (such as methanol and ethylene)
are used in making plastics, tar, synthetic fibers, fertilizers, and medicines. According
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to the Energy Information Administration of the U.S. Department of Energy, industry

uses more than 6% of the coal mined in the United States.

Coal is baked in hot furnaces to make coke, which is used to smelt iron ore into
the iron needed for making steel. The extremely high temperatures created for the use
of coke gives steel the strength and versatility it requires for use in products such as

bridges, buildings, and automobiles.

Coal strip mining, oil refinery, and manufacturing.

(a) The predominant underground mining method in the United States is the room
and pillar method, a term derived from the mining pattern of a series of excavated

areas (rooms) and unexcavated areas (pillars) which are left to support the roof.
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(b) Miners are protected by the Thyssen roof supports. The canopy extensions are
hydraulically operated. The shield supports weigh 17.5 tons (15.9 metric tons) and
measure 16.5 feet (5 m) in length.

(c) Oil refinery in Salt Lake City, Utah.

(d) Manufacturing plants require enormous amounts of power, like this metal-
producing plant.

(a, b, courtesy of U.S. Department of Energy, c, d, photos by Nature’s Images)

The Differences Between Peat, Lignite, Bituminous Coal, and
Anthracite

As decaying matter becomes coal, it passes through several stages. The first
stage is peat, which forms when layers of plant matter harden. At this point, it does
not contain much carbon, so it gives off a lot of smoke when it is burned. After
burning, it leaves behind large quantities of ash. Huge deposits of peat are referred to
as peat bogs. Peat is used in some countries to heat homes. It is also used as a fuel in

factories.

Lignite comes from peat deposits that have been confined under pressure. It is
not as black or as dense as other coals. It is more loose-grained and has less carbon,
so it does not heat as well as other forms of coal. When lignite is buried under deep
pressure, it changes into bituminous coal — the most common type of coal. It is

black, sooty, has a high degree of carbon, and burns well.

The oldest stage of coal is anthracite — the hardest of all the coals. It is shiny and
clean. It is rich in carbon, burns slowly, leaves no ash behind, gives off a lot of heat,

and lasts a long time.

Uranium and Nuclear Energy

The U.S. Department of Energy has determined that nuclear power accounts for
about 20% of the total electricity generated in the United States, an amount
comparable to all the electricity used in California, Texas, and New York. In 2003,
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there were 66 nuclear power plants throughout the United States, located mostly on
the East Coast and in the Midwest.

A nuclear power plant operates basically the same way as a fossil fuel plant,
with one difference: the source of heat. The process that produces the heat in a
nuclear plant is the fissioning — or splitting — of uranium atoms. That heat boils
water to make the steam that turns the turbine generator, just as in a fossil fuel plant.

The part of the plant where the heat is produced is called the reactor core.

Atoms are made up of three major particles: protons, neutrons, and electrons.
The most common fissionable atom is an isotope (the specific member of the atom’s
family) of uranium known as Uranium-235 (U-235 or U**®), which is the fuel used in
most types of nuclear reactors today. Although uranium is fairly common — about

100 times more common than silver — U*** is relatively rare.

Most U.S. uranium is mined in the western United States. Once uranium is
mined, the U must be extracted and processed before it can be used as a fuel. In its
final usable state, the nuclear fuel will be in the form of a pellet roughly 1 inch (2.54
centimeters) long, which can generate approximately the same amount of electricity

as 1 ton (0.91 metric tons) of coal.

There are different types of nuclear power plants. Two types are used in the
United States: boiling-water reactors (BWRs) and pressurized water reactors (PWRS).
In the BWR, the water, heated by the reactor core, turns directly into steam in the

reactor vessel and is then used to power the turbine generator.

In a PWR, the water passing through the reactor core is kept under pressure so
that it does not turn to steam at all — it remains liquid. Steam to drive the turbine is
generated in a separate piece of equipment called a steam generator. A steam
generator is a giant cylinder with thousands of tubes in it through which the hot,

radioactive water can flow.

Outside the tubes in the steam generator, nonradioactive water (“clean” water)
boils and eventually turns to steam. The clean water may come from one of several

sources — oceans, lakes, or rivers. The radioactive water flows back to the reactor
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core, where it is reheated, only to flow back to the steam generator. Roughly 70% of

the reactors operating in the United States are PWR.

Uranium Fuel Cycle
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The uranium fuel cycle.

Nuclear reactors are basically machines that contain and control chain reactions,
while releasing heat at a controlled rate. In electric power plants, the reactors supply
the heat to turn water into steam, which drives the turbine generators. The electricity
Is shipped or distributed through transmission lines to homes, schools, hospitals,

factories, office buildings, rail systems, and other customers.

The reactor core is composed of four main elements: fuel, control rods, coolant,
and a moderator. The nuclear fuel is stored in fuel rods. The fuel consists of pellets
of enriched uranium dioxide that are packed into thin metal rods roughly 12 feet (3.7
m) long. Large groups of these rods can be connected in order to allow the power

plant to operate for long periods of time.

The control rods are used to regulate (control) the rate of the nuclear chain
reaction. For example, if they are pulled out of the core, it speeds up the reaction.
Conversely, if they are inserted, the reaction slows down.
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A coolant — usually water — is pumped through the reactor to carry away the
extreme heat generated by fissioning of the fuel in the nuclear reaction. This is
comparable to the water in the cooling system of a car, which carries away the heat
built up in the engine. A moderator is used to slow down the speed at which
energized atoms travel. Water is commonly used for this purpose. This is important
because reducing the speed enables atoms to be more likely to split. This splitting is

what releases the energy.

Although it may seem like a highly efficient and clean method of producing
energy, nuclear power generation does have by-product wastes associated with it in

the forms of radioactive waste and hot water.

On the positive side, based on studies conducted by the U.S. Department of
Energy, because nuclear-generated electricity does not emit carbon dioxide into the
atmosphere, nuclear power plants in the United States prevent about as much

greenhouse emissions as taking 5 billion cars off the streets and highways.

Radioactive wastes are the principal environmental concern about using nuclear
power. Most nuclear waste is low-level nuclear waste: ordinary trash, tools,
protective clothing, wiping cloths, and disposable items that have been contaminated
with small amounts of radioactive dust or particles. These materials are subject to
special regulations that govern their storage so they will not come in contact with the

outside environment.

The irradiated fuel assemblies are highly radioactive and must be stored in
specially designed pools resembling large swimming pools (water cools the fuel and
acts as a radiation shield) or in specially designed dry storage containers. The older
and less radioactive fuel is kept in a dry storage facility, which consists of special

concrete-reinforced containers.

The U.S. Department of Energy’s long-range plan is for this spent fuel to be
stored deep in the Earth in a geologic repository, at Yucca Mountain, Nevada.

Currently, all spent (used) fuel is stored at the power plant at which it was used.

78



Oil Shale, Tar Sands, and Natural Bitumen

Oil shales are natural rock formations that contain deposits of kerogen (a type of
organic matter), which can be converted into a product resembling petroleum. The
term oil shale is somewhat misleading, however, because sometimes the rock layer in

which the kerogen is trapped is not actual shale, but a rock called marl.

Natural oil is formed through physical processes that generate great amounts of
heat within the Earth’s crust. Because oil shale is not subject to these physical
processes naturally, it must be artificially heated to a high temperature in order to
transform it into a liquid. Scientists believe the oil product produced from oil shale
has a quality somewhere between natural oil’s low- and high-grade distinctions.
Many of the richest oil shale deposits in the world occur in the western United States,

in states such as Utah.

There are two ways of processing oil shale. In one method, the rock is fractured
in place and heated to obtain the gases and liquids by wells. The second way is by
mining, transporting, and heating the shale to about 232°F (450°C), adding hydrogen

to the resulting product, and disposing of the waste.

Both of these processes use an excessive amount of water. To date, the financial
and environmental costs — costs of blasting, transporting, crushing, heating, and
adding hydrogen, as well as the safe disposal of huge quantities of waste material —
are great enough that large-scale production has not occurred yet in the United States.
Oil shale has been used as a low-grade fuel in Estonia and other countries by burning
it directly. Unfortunately, this produces a fuel that is high in ash content and harmful

to the environment.

Worldwide, use of this fuel is still very limited. According to the U.S.
Department of Energy, however, with the current prices of petroleum continuing to
rise, oil shale production may be looked at closer as a way to offset the daily
consumption of 73 million barrels of oil worldwide. Currently, however, on a small
scale, oil shale may be able to make a contribution to the world’s energy needs, but
so far it is not a viable choice of energy.
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Tar sands are sands infused with heavy oil that require further processing to
refine into petroleum products. Some deposits are so heavy that they can be mined

more easily than pumped.

Tar sands are a mixture consisting of a host sedimentary porous rock of mineral
material (usually sand, sandstone, limestone, carbonate rock, or diatomaceous earth),
which contains a form of heavy asphalt-like crude oil that is too viscous (thick) to
flow through rocks, well bores, or pipelines or to recover by conventional pumping

methods.

Although most tar sand deposits are mined, they can also be pumped after high-
pressure steam is injected underground to separate the valuable oil from the sand.
Hydrogen is added later to turn it into a synthetic crude oil. Producing oil from tar
sands is energy intensive, however. The equivalent of one barrel of oil is needed to
process three barrels of synthetic crude oil. Production of conventional oil still
requires much less energy. Besides being energy intensive, another drawback is that a
large amount of waste sand is generated. Using tar sand also contributes to the

greenhouse gases in the atmosphere.

The American Association of Petroleum Geologists has determined that tar
sands are currently found in about 70 countries around the world. The world’s largest
deposits are in Canada and Venezuela, and may prove to be critical over the next 50
years to the supply of liquid fuels as the world’s production of traditional oil lessens.
It will not ultimately solve the need for petroleum, but it may — in the future —

provide an avenue to develop new technologies and cleaner fuels.

According to journalist Thomas J. Quinn of the Cleveland Plain Dealer, some
energy analysts believe emergency programs need to be put in place in order to
experiment with, and learn to use, tar sands as an energy source. They believe the
peak of oil production will happen sometime between now and the year 2030. Some
experts believe Canada may have close to 180 billion barrels of tar sand — roughly a

six-year world supply at today’s energy consumption rates.
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Tar sand production is around 1 million barrels a day and is projected to be five
times as much by the year 2030 — which is only half of Saudi Arabia’s current
output of petroleum and less than 5% of world production predicted for 2030.
Supporters of tar sand development admit that the technology to use it must be

further developed for it to have a significant impact on worldwide energy use.

Natural bitumen and extra-heavy oil are two types of petroleum. Because the
lighter elements comprising petroleum are not found in these deposits, they have a

higher percentage of heavy molecules, making them more dense and viscous (thick).

Natural bitumen and extra-heavy oil occur worldwide. According to the World
Energy Council in 2005, the largest bitumen deposit is located in Alberta, Canada,
and accounts for about 85% of the world total. Energy experts believe that it may be
the only deposit in the world large enough to recover and convert to oil economically.
The extra-heavy crude oil deposit of the Orinoco Oil Belt in Eastern Venezuela

represents nearly 90% of the known extra-heavy oil in place.

Natural bitumen is also contained in bituminous sands, oil shale, and tar sands.
In order to recover it, the petroleum is obtained either as raw bitumen in place or as a
synthetic crude oil processed through refinement. So far, these resources have not
been explored fully or had their extraction and processing developed in order to be
economical. As future energy demands rise and oil becomes scarcer, these forms of

energy will become more important to develop.
RENEWABLE ENERGY

Renewable resources offer an immense potential supply of energy. According to
the government of California, that state has enough energy in wind gusts to produce
11% of the world’s wind electricity. The sunlight that falls on the United States in
one day contains more than twice the energy the United States consumes in a whole
year. Renewable energy resources are also referred to as “clean” energy. These
sources can be harnessed to produce electricity, heat, fuel, and chemicals that are

much more environmentally friendly.
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As a comparison, emissions from cars that burn gasoline and emissions from
industrial factories that use fossil fuels contribute greatly to the greenhouse effect.
Experts at the U.S. Environmental Protection Agency believe that about 80% of all the

greenhouse gases in the United States are the result of these energy-related sources.

Using renewable energy not only helps the environment, but it helps the
economy. Developing and using renewable sources keeps more money at home to
bolster the economy of the United States. Also, the more nonrenewable sources that
are provided locally, the less energy (fossil fuels) that must be imported from foreign
countries. In addition, in this time of such political instability with many of the oil-
producing countries in the Middle East, having to import less oil relieves some of the

international political tension that currently exists.

Another positive trend with renewable energy resources is that with continued
research, development, and experimentation, these sources are becoming more
affordable. There are also drawbacks, however. For example, solar energy requires
large available areas of land, which can impact wildlife habitat, disturb land use, and
degrade the land through construction of roads and buildings. Also, the photovoltaic
cells are manufactured using toxic chemicals. In addition, the United States does not

currently have enough solar production facilities to meet the current energy demand.

Wind power also requires the use of large areas of land, can cause erosion, and
can impact wildlife habitat by being a constant danger to birds. Geothermal energy is
restrictive because geothermal sites only occur in a limited number of places. In

addition, the steam can be caustic and corrode the pipes used in energy production.

Hydroelectric power has its drawbacks, too. It causes certain areas of land to
become permanently submerged, can impact wildlife habitat, and can cover
archaeological sites. Downstream, dams can change the chemical, physical, and
biological characteristics of the river and land. Although these renewable sources
have some drawbacks — generally, usage of large areas of land that affect animal
habitats and outdoor scenery — they have much less impact on the environment than

nonrenewable sources.
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Solar Energy

The Sun has produced energy for billions of years. Solar energy can be
converted directly or indirectly into other forms of energy, such as heat and
electricity. The major drawbacks of solar energy include the following: (1) the
intermittent and variable manner in which it arrives at the Earth’s surface and (2) the

large area required to collect it at a useful rate.

Solar energy is used for heating water for domestic use, space heating buildings,
drying agricultural products, and generating electrical energy. Electric utilities are
trying photovoltaic technology, a process by which solar energy is converted directly

to electricity.

Electricity can be produced directly from solar energy using photovoltaic
devices or indirectly from steam generators using solar thermal collectors to heat a

working fluid. Photovoltaic energy is the conversion of sunlight into electricity.

This is accomplished with a device called a photovoltaic (PV) cell — also
referred to as a solar cell. A PV cell is composed of silicon alloys. When photons
(particles of solar energy) strike a PV cell, different responses can occur — they may

either be reflected, pass through, or become absorbed by the surface.

The photons that are absorbed are the critical ones in the photovoltaic process,
because the absorbed photons provide the necessary energy to generate electricity.
When enough photons are absorbed, the electrons of the surface material of the cell
are separated from the atoms. Because of the way the PV cells are produced, more

electrons are attracted to the front surface in order to generate energy.

Electrons carry a negative charge. Therefore, when they migrate to the front
surface of the PV cell, it causes an imbalance in the distribution of the charge, which
In turn creates a voltage (the potential energy that pushes a current around an electric

circuit).

Because each individual cell only produces a small amount of electricity (1 to 2
watts), PV systems must be made of multiple joined individual cells. When large
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groups of individual PV cells are connected in formations called modules or arrays,
the combined voltage creates usable electricity. An array refers to the entire

generating plant, which can be made up from one to several thousand modules.

The amount of electricity produced from a photovoltaic array depends on the
amount of available sunlight (it is the photons from the sunlight that enable the
creation of electricity). For example, if the skies are overcast, the amount of sunlight
Is reduced, causing less photons to reach the array, which in turn lowers the amount

of electricity the PV array can create.

Conversely, clear skies ensure a constant source of sunlight, enabling the array
to be highly productive. With today’s technology, photovoltaic modules are about
10% efficient in converting available sunlight into energy. Scientists believe that

further research on PV arrays will increase their efficiency.

PV cells have had many uses over the years in scientific applications. For
instance, in the late 1950s, they were used to provide the power to operate U.S. space
satellites. Based on their successful use in space, scientists were then able to use this
information to create several commercial applications on Earth. PV cells are
commonly used today in calculators and wrist watches, as well as to provide

electricity to homes and to power equipment.

The appeal of photovoltaic energy lies in the fact that because the conversion
from sunlight to electricity is direct, it eliminates the need to use bulky mechanical
generators. They are also portable, easy to assemble, and adjustable, which allows
arrays to be installed quickly and in the required configuration for the specific

application.

A photovoltaic system is appealing from an environmental standpoint. The
impact of a photovoltaic system on the environment is minimal because it does not
produce any harmful by-products, and precious water resources do not have to be
used for system cooling (as is the case with some other energy sources). They can

also generate the direct current (DC) necessary for the operation of electronic
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equipment. PV cells have also been used to provide electricity for remote sites where

installing traditional electric lines is neither not feasible nor economical.

The major applications of solar thermal energy today are for heating swimming
pools, heating water for domestic use, and heating the insides of buildings. The solar

panels are flat-plate solar-energy collectors installed in a fixed position.

The highest efficiency is reached when the collector faces toward the south and
is inclined horizontally to the location’s latitude plus 15 degrees — an angle that best
captures the incoming solar energy for that particular point on Earth. For example, a
solar-heated home located at a latitude in the United States of 45 degrees would have

their solar panels inclined at 60 degrees for the highest efficiency.

Solar collectors can be non-concentrating or concentrating. In the non-
concentrating type, the collector area (the area that intercepts the solar radiation) is
the same as the absorber area (the area absorbing the radiation). This method is
commonly used in space heating. In concentrating collectors, the area intercepting the
solar radiation is greater than the absorber area. These collectors are used for

applications that require higher energy levels.

Solar space-heating systems can also be classified as passive or active. In a
passive heating system, the air is circulated past a solar heat surface and through the
building by convection without the use of mechanical equipment. In active heating
systems, mechanical equipment (such as fans and pumps) are used to circulate the

warm air or fluid.

Solar thermal power plants use the Sun’s rays to heat a fluid, from which heat-
transfer systems are used to produce steam, which is then converted into mechanical
energy in a turbine. A generator connected to the turbine produces the electricity. The
appeal of solar thermal power plants is that the burning of fossil fuels is not
necessary. Therefore, these types of power plants do not pollute the environment.
There are three types of solar thermal power systems — the parabolic trough, solar

dish, and solar power tower.
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A parabolic trough is the most advanced of the concentrator systems and is used
in large grid-connected power plants. A solar dish uses concentrating solar collectors,
which track the Sun’s path in the sky, ensuring the dish is always pointed toward the
Sun. A solar power tower generates electricity from sunlight by focusing

concentrated solar energy on a centrally located, large, tower-mounted receiver.

This system can use hundreds to thousands of flat sun-tracking mirrors called
heliostats in an array around the tower to reflect and concentrate the Sun’s energy
onto the central receiver. Power towers are still under development, however, as

scientists experiment with the technology, enabling it to be more economical.

Wind Energy
Wind is air in motion. It is produced by the uneven heating of the Earth’s
surface by the Sun. Since the Earth’s surface is made of various land and water
formations, it absorbs the Sun’s radiation unevenly. This is what causes the uneven

heating to occur.

When the Sun is shining during the day, the air over landmasses heats more
quickly than the air over water. Because warm air is lighter and subsequently rises, it
is replaced by the cooler and heavier air that was initially over the water’s surface.
This process of the air moving across the ocean toward land causes the air to

circulate. It is this simple process that creates the local wind system of an area.

At night, the winds are reversed because the air cools more rapidly over land
than over water. Based on the same principle, the large atmospheric winds that circle
the Earth are created because the surface air near the equator is warmed more by the

Sun than the air over the North and South Poles.

This process is constantly occurring. Because of this, wind is considered a
renewable energy resource; it will continually be produced as long as the Sun shines
on the Earth — the heat from the sun is the engine that drives the global force. Today,

wind energy is typically used to generate electricity.
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Windmills work because they slow down the speed of the wind. The wind flows
over the airfoil-shaped blades, which causes lift — like the effect on airplane wings
in flight — and causes them to turn. The blades are connected to a driveshaft that

turns an electric generator to produce electricity.

Today’s wind machines are much more technologically advanced than the early
windmills. They still use blades to collect the wind’s kinetic energy, but the blades
are made of fiberglass or other high-strength materials. Modern wind machines are
still dealing with the problem of what to do when the wind is not blowing. Large
turbines are usually connected to the utility power network — so that some other type
of generator picks up the load when there is no wind. Small turbines are sometimes
connected to diesel/electric generators or sometimes have a battery to store the extra

energy they collect when the wind is blowing hard.

Two types of wind machines are commonly used today — the horizontal-axis
with blades like airplane propellers and the vertical-axis, which resembles an egg
beater. Horizontal-axis wind machines are more common because they use less

material per unit of electricity produced.

According to the U.S. Department of Energy, about 95% of all wind machines in
use today are the horizontal-axis type. These wind machines are huge. A typical
horizontal wind machine stands as tall as a 20-story building and has three blades that

span 200 feet (61 m) across.

The largest wind machines in the world have blades longer than a football field
(300 feet or 91.4 m). Wind machines stand tall and wide to capture more wind.
Vertical-axis wind machines make up only 5% of the wind machines used today. The

typical vertical wind machine stands 100 feet (30 m) tall and 50 feet (15 m) wide.

Each type of wind machine has its advantages and disadvantages. Horizontal-
axis machines need a way to keep the rotor facing the wind. This is done with a tail
on small machines. Large turbines use either a rotor located downwind of the tower
to act like a weather vane, or they use a drive motor. Vertical-axis machines can

accept wind from any direction.
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Both types of turbine rotors are turned by air flowing over their wing-shaped
blades. The vertical-axis blades lose energy as they turn out of the wind, while
horizontal-axis blades work all the time. At many sites, the wind speed increases
higher above the ground, giving an advantage to tall horizontal-axis turbines. The
small tower and ground-mounted generators on vertical-axis turbines also make them

cheaper and easier to maintain.

It takes more than one wind machine, however, to produce large amounts of
usable energy. Commonly, dozens of wind machines exist in a wind farm array.
Interestingly, unlike traditional coal-fired power plants, which are owned by public

utility companies, many of today’s wind farms are owned by private companies.

These independent producers then sell the electricity they produce to electric
utility companies, which in turn sell it to their customers. Many customers choose to
buy this energy (even though it is slightly more expensive) in order to reduce the

known negative impacts on the environment from using fossil fuel energy sources.

Wind power plants cannot be placed in just any random, convenient location,
however. Their location must be based on specific factors, such as wind availability
(how much the wind blows), local weather conditions, proximity to electrical

transmission lines, and local zoning codes.

Economics must also be considered, because once a plant has been built, there
are maintenance costs. In some states, these costs are offset by tax breaks given to
power plants that use renewable energy sources. The Public Utility Regulatory
Policies Act, or PURPA, also requires utility companies to purchase electricity from

independent power producers at rates that are fair and nondiscriminatory.

Location is one of the most important factors in developing wind farms. Areas
where the wind is strong and continuous are the most desirable. The United States has
several areas where these conditions apply, such as California, Alaska, Hawaii, the
Great Plains, and mountainous regions. In order to generate efficient electricity from

wind energy, the wind must have an average speed of 14 mph (22.5 km/h).
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There are two different ways to measure the energy the wind provides:
efficiency and capacity. Efficiency refers to how much useful energy (such as

electricity) can be generated from an energy source.

A 100% energy-efficient machine would change all the energy put into it into
useful energy. It would not waste any energy. There is no such thing as a 100%
energy-efficient machine, however. Some energy is always lost or wasted when one

form of energy is converted to another.

The lost energy is usually in the form of heat, which dissipates into the air and
cannot be used again economically. In terms of efficiency, however, wind machines

are just as efficient as most other traditional energy plants, such as coal plants.

According to the U.S. Department of Energy, wind machines convert 30%-40%
of the wind’s kinetic energy into electricity. A coal-fired power plant converts about

30%—-35% of the chemical energy in coal into usable electricity.

Capacity refers to the capability of a power plant to produce electricity. A power
plant with a 100% capacity rating would run all day, every day, at full power. There
would be no downtime for repairs or refueling. These types of power plants do not
exist. Coal plants typically have a 75% capacity rating since they can run day or

night, during any season of the year.

Wind power plants are different from power plants that burn fuel. Wind plants
depend on the availability of wind, as well as the speed of the wind. Therefore, wind

machines cannot operate 24 hours a day, 365 days a year.

A wind turbine at a typical wind plant operates 65%-80% of the time, but
usually at less than full capacity, because the wind speed is not at optimum levels or

it is sporadic. Therefore, its capacity factor is 30%-35%.

Economics also plays a large part in the capacity of wind machines. Wind
machines that have much higher capacity factors can be built, but it is not economical
to do so — yet.
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Based on studies conducted by the U.S. Department of Energy, one wind
machine can produce 1.5 to 4.0 million kilowatt-hours (kWh) of electricity each year.

That is enough electricity for 150-400 homes.

In the U.S., wind machines currently produce 10 billion kWh of energy a year.
While this may seem like a lot, wind energy only provides about 0.1% of the nation’s
electricity — a very small amount. That is enough electricity to serve a million
households (an area roughly comparable to a city nearly the size of San Diego,

California, or Dallas, Texas).

California produces more electricity from the wind than any other state,
followed by Texas, Minnesota, and lowa. California alone has approximately 13,000
wind machines that produce more than 1% of the State’s electricity. They expect that
within the next 15 years, wind energy may be able to generate 5% of the needed
electricity. The reason California is currently in the lead in wind technology
innovation and implementation is due to the positive initiatives that California’s state
government has taken to support renewable energy in an effort to protect the

environment.

There are other states that have wind resources comparable to California’s. In
fact, ten years ago, the United States was the world’s leading producer of wind

energy — producing 90% of the world’s wind-blown electricity.

By 1996, however, that number had dropped to 30%. Wind is the fastest-
growing energy technology in the world today. Experts expect the production from
wind machines to triple in the next few years. Other areas of the world, including

India and many European countries, are planning future wind facilities.

Unfortunately, in the United States, wind capacity grew very slowly in the
1990s. Many new wind projects were put on hold because of electricity deregulation.
Because utility providers were not sure how deregulation would affect many new

technologies, it caused wind technology to come to a temporary standstill.
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Fortunately, recent investment in wind energy is beginning to increase because
its cost has come down and the technology has improved, making wind one of the

most competitive new sources for energy generation.

Another positive sign for the wind industry is the growing consumer demand for
“ogreen” pricing. Many utilities around the country now allow customers to
voluntarily choose to pay more for electricity generated by renewable sources as an
effort to protect the environment. Energy experts believe wind energy will become

more in demand in the future.

In the 1970s, oil shortages spurred the development of alternative energy
sources. In the 1990s, renewed interest came from a concern for the environment in
response to scientific studies indicating potential changes to the global climate if the

use of fossil fuels continues to increase.

This situation, termed global warming, has gained the attention of many
Americans recently and increased the desire to develop economical alternative energy
sources. Wind energy offers a viable, economical alternative to conventional power

plants in many areas of the country.

Wind is a clean fuel — wind power plants produce no air or water pollution
because no fuel is burned. Also, the cost of producing electricity from the wind has
dropped dramatically in the last 20 years. Electricity generated by wind cost 30 cents
per KWh in 1975, but now costs less than five cents per kWh.

New turbines are lowering the cost even more. The most serious environmental
drawbacks to wind machines may be their negative effect on wild bird populations

and the visual impact on the landscape.
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Renewable energy sources:

(a) Wind turbines at Tehachapi Pass, California. This wind farm, with 5,000 wind
turbines, is the second largest collection of wind generators in the world. The

turbines produce enough electricity to meet the needs of 350,000 people every year.
(b) Vertical axis wind turbines located in Altamont Pass in California.

(c) Offshore wind turbine and photovoltaic system, which powers a U.S. Navy

offshore test facility.
(d) Geysers are natural fountains of hot water found in geothermal areas.

(e) This solar energy-collecting unit is located at the California State Polytechnic

University.

(a, b, c, e, courtesy of U.S. Department of Energy; d, courtesy of U.S. National

Renewable Energy Laboratory, photo by George Kourkouliotis)
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Geothermal Power Plant

Components of a geothermal power plant

Geothermal Energy

Volcanic energy cannot be harnessed (controlled and collected), but in a few
places, heat from the Earth — called geothermal energy — can be collected. Usually,
engineers try to collect this heat in the rare places where the Earth’s crust has trapped
steam and hot water. At these locations, they drill into the crust and allow the heat to
escape, either as steam or as very hot water. Pipes carry the hot water to a plant,
where some of the steam is allowed to “flash,” or separate from the water. That steam

then turns a turbine generator to make electricity.

Geothermal energy was first used to produce electricity in Italy in 1903. At the
end of 2002, there were 43 power plants producing electricity from geothermal
energy in the United States at facilities located in California, Nevada, Utah, and
Hawaii. Generation from geothermal sources is “site specific,” meaning it is only
possible in a few places under unique geologic conditions. One such site in
California, called The Geysers, is able produce almost as much electricity as all the

other geothermal sites combined.
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Geothermal energy can be used as an efficient heat source in small end-use
applications such as greenhouses, but the consumers have to be located close to the
source of heat. The capital of Iceland — Reykjavik — is a unique location because it

Is heated mostly by geothermal energy.

Geothermal energy has a major environmental benefit because it offsets air
pollution that would have been produced if fossil fuels had been used instead.
Geothermal energy has a very minor impact on the soil — the few acres used look
like a small light-industry building complex. Since the slightly cooler water is
reinjected into the ground, there is only a minor impact, except if there is a natural
geyser field close by. For this reason, tapping into the geothermal resources of

Yellowstone National Park is prohibited by law.
Biomass — Renewable Energy From Plants and Animals

Biomass is organic material made from plants and animals. Biomass contains
stored energy from the sun. Plants absorb the sun’s energy in a process called
photosynthesis. The chemical energy in plants gets passed in the food chain on to the
animals and people that eat them. Biomass is a renewable energy source because it is
possible to grow more trees and crops. Some examples of biomass fuels are wood,

crops, manure, and some garbage.

When burned, the chemical energy in biomass is released as heat. An example of
this is wood burning in a fireplace. Wood waste or garbage can be burned to produce

steam for making electricity or to provide heat to industries and homes.

Burning biomass is not the only way to release its energy. Biomass can be
converted to other usable forms of energy like methane gas or transportation fuels
like ethanol and biodiesel. Methane gas is the main ingredient of natural gas. Rotting
garbage, agricultural waste, and human waste, release methane gas — also called
“landfill gas” or “biogas.” Crops like corn and sugarcane can be fermented to produce
the transportation fuel ethanol. Biodiesel, another transportation fuel, can be
produced from leftover food products like vegetable oils and animal fats.
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According to the U.S. Department of Energy, biomass fuels provide about 3% of
the energy used in the United States, as efforts are underway to develop ways to burn
more biomass and less fossil fuels. Using biomass for energy can cut back on waste
and support agricultural products grown in the United States. Biomass fuels also have

a number of environmental benefits.

The most common form of biomass is wood. For thousands of years, people
have burned wood for heating and cooking. Wood was the main source of energy in
the United States and the rest of the world until the mid-1800s. In the United States,
wood and its waste products (bark, sawdust, wood chips, and wood scrap) provide
only about 2% of the energy used today. Biomass continues to be a major source of

energy in much of the developing world.

According to data from the U.S. Department of Energy, only 20% of the wood
burned in the United States is used for heating and cooking; the rest is used by
industries in the manufacture of several commodities, such as paper products and
construction materials, as well as to produce the electricity needed in the
manufacturing process. Such use by industry presents an efficient way for industries

to recycle the waste byproducts generated from the wood they use into energy.

Another source of biomass is garbage — also called municipal solid waste
(MSW). Trash that comes from plant or animal products is biomass. Food scraps,
lawn clippings, and leaves are all examples of biomass trash. Materials that are made
out of glass, plastic, and metals are not biomass because they are made out of

nonrenewable materials.

MSW can be a source of energy by either burning MSW in waste-to-energy
plants or by capturing biogas. In waste-to-energy plants, trash is burned to produce
steam that can be used either to heat buildings or to generate electricity. In landfills,
biomass rots and releases methane gas, also called biogas, or landfill gas. Some
landfills have a system that collects the methane gas so that it can be used as a fuel
source. Some dairy farmers collect biogas in tanks called digesters, where they put all

the mulch and manure from their barns.
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Biofuels are transportation fuels like ethanol and biodiesel that are made from
biomass materials. These fuels are usually blended with the petroleum fuels —

gasoline and diesel — but they can also be used on their own.

The advantage to combining ethanol or biodiesel with fossil fuel is that less
fossil fuels are burned resulting in less of an impact on global warming. Ethanol and
biodiesel are usually more expensive than the fossil fuels that they replace, but they

are also cleaner burning fuels, producing fewer air pollutants.

Ethanol is an alcohol fuel made from the sugars found in grains, such as corn,
sorghum, and wheat, as well as potato skins, rice, sugarcane, sugar beets, and yard
clippings. Scientists are working on cheaper ways to make ethanol by using all parts

of plants and trees.

Farmers are experimenting with “woody crops” — mostly small poplar trees and
switchgrass — to see if they can be grown efficiently. Most of the ethanol used in the

United States today is distilled from corn.

About 90% of the ethanol produced in the United States is used to make “E10”
or “gasohol,” a mixture of 10% ethanol and 90% gasoline. Any gasoline-powered
engine can use E10, but only specially made vehicles can run on E85, a fuel that is

85% ethanol and 15% gasoline.

Biodiesel is a fuel made with vegetable oils, fats, or greases—such as recycled
restaurant grease. These fuels can be used in diesel engines. Biodiesels are the fastest

growing alternative fuel in the United States today.

Being a renewable fuel, biodiesel is safe, biodegradable, and reduces the
emissions of most air pollutants. Burning biomass fuels does not produce pollutants

like sulfur, which can cause acid rain.

When burned, biomass does release carbon dioxide — a greenhouse gas. But
when biomass crops are grown, a nearly equivalent amount of carbon dioxide is
captured through the process of photosynthesis. Each of the different forms and uses

of biomass impact the environment in a different way.

96



Because the smoke from burning wood contains pollutants like carbon
monoxide and particulate matter, some areas of the country will not allow the use of
wood-burning fireplaces or stoves on high pollution days. A special clean-burning
technology can be added to wood-burning fireplaces and stoves so that they can be

used even on days with the worst pollution.

Burning municipal solid waste (MSW or garbage) and wood waste to produce
energy means that less of it has to be buried in landfills. Plants that burn waste to
make electricity must use technology to prevent harmful gases and particles from
coming out of their smokestacks. The particles that are filtered out are added to the
ash that is removed from the bottom of the furnace. Because the ash may contain
harmful chemicals and metals, it must be disposed of carefully. Sometimes the ash

can be used for road-work or building purposes.

Collecting and using landfill waste and biogas fuel also reduces the amount of
methane that is released into the air. Methane is one of the greenhouse gases
associated with global climate change. Many landfills find it cheaper to just burn off
the gas that they collect, however, because the gas needs to be processed before it can

be put into natural gas pipelines.

Since the early 1990s, ethanol has been blended into gasoline to reduce harmful
carbon monoxide emissions. Blending ethanol into gasoline also reduces toxic

pollutants found in gasoline but causes more “evaporative emissions” to escape.

In order to reduce evaporative emissions, the gasoline requires extra processing
before it can be blended with ethanol. When burned, ethanol does release carbon
dioxide, a greenhouse gas. But growing plants for ethanol may reduce greenhouse
gases, since plants use carbon dioxide and produce oxygen as they grow —

producing a counter-balance process.

Biodiesel is much less polluting that petroleum diesel. It has lower emissions of
carbon dioxide, sulfur oxide, particulates, carbon monoxide, air toxins, and unburned
hydrocarbons, although it does have slightly elevated emissions of nitrogen oxide.

Biodiesel additives can also help reduce sulfur in diesel fuel.
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Ocean Energy

Oceans cover more than 70% of the Earth’s surface. As the world’s largest solar
collectors, oceans generate thermal energy from the Sun. They also produce
mechanical energy from the tides and waves. Even though the Sun affects all ocean
activity, the gravitational pull of the Moon primarily drives the tides, while the wind

powers the ocean waves.

For the past thousand years, scientists and inventors have studied ocean energy
as they have watched how the ocean waves impact with coastal areas and observed
the rise and fall of ocean tides. As early as the eleventh century, millers in Britain
figured out how to use tidal power to grind their grain into flour. Only in the past 100
years, however, have scientists and engineers begun to look at capturing ocean energy

to actually produce electricity.

Because ocean energy is abundant and non-polluting, today’s researchers are
exploring ways to make ocean energy economically competitive with fossil fuels and
nuclear energy. European Union (EU) officials estimate that by 2010, ocean energy
sources will generate more than 950 megawatts (MW) of electricity — enough to

power almost a million homes in the industrialized world.

The tides produce energy. Tides are caused by the gravitational pull of the Moon
and Sun and the rotation of the Earth. Near shore, water levels can vary up to 40 feet
(12 m). However, few locations have good inlets and a large enough tidal range—

about 10 feet (3 m)—to produce energy economically.

The simplest generation system for tidal plants involves a dam, known as a
barrage, built across an inlet. Sluice gates on the barrage allow the tidal basin to fill
on the incoming high tides and to empty through the turbine system on the outgoing

tide, which is also known as the ebb tide.

There are also two-way systems that generate electricity on both the incoming
and outgoing tides. Tidal barrages can affect navigation and recreation, however.
Potentially the largest disadvantage of tidal power is the effect a tidal station can have

on plants and animals in the estuaries.
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Tidal fences can also harness the energy of tides. A tidal fence has vertical-axis
turbines mounted in it. The water is forced through the turbines as it passes through
the fence. They can be used in areas such as channels between two landmasses. Tidal
fences have less impact on the environment than tidal barrages, but they can still
disrupt the movement of large marine animals. They are also cheaper to install than

tidal barrages.

Tidal turbines are a new technology that can be used in many tidal areas. They
are basically wind turbines that can be located anywhere there is strong enough tidal
flow. Because water is about 800 times denser than air, tidal turbines have to be much
sturdier than wind turbines. This makes them more expensive to build, but they have

the advantage of being able to capture more energy.

There is also a lot of energy in ocean waves. According to the U.S. Department
of Energy, the total power of waves breaking around the world’s coastlines is
estimated at 2-3 million megawatts. The west coasts of the United States and Europe,
and the coasts of Japan and New Zealand, are desirable sites for harnessing wave

energy.

One way to harness wave energy is to bend the waves into a narrow channel,
thereby increasing their power and size. The waves can then be channeled into a
catch basin or used directly to spin turbines. There are no big commercial wave
energy plants yet, but there are a few small ones. Scientists at the Department of
Energy believe that small, onshore sites have the best potential for the immediate

future — they could produce enough energy to power local communities.

The energy from the sun heats the surface water of the ocean. In tropical
regions, the surface water can be 40 or more degrees warmer than the deep water.

This temperature difference can also be used to produce electricity.

One system — called the Ocean Thermal Energy Conversion (OTEC) — must
have a temperature difference of at least 77°F (25°C) to operate, which limits its use
to tropical regions. (Hawaii is a case in point. They have experimented with OTEC
since the 1970s.)
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There is no large-scale operation of OTEC today, because there are still many
challenges to overcome. First, the OTEC systems are not very energy efficient.

Pumping water is a significant engineering challenge itself.

There must also be a method in place to transport the generated electricity to land.
Experts at the U.S. Department of Energy believe it will probably be 10 to 20 years
before the technology is available to produce and transmit electricity economically
from the OTEC systems. Other types of research are being done to place solar farms
over the ocean. Many experts believe the ideal place for solar farms is near the coasts,
because they would be less cumbersome to build and be able to be accessed easier.
Currently, solar energy is used on offshore platforms and also to operate remotely
located equipment at sea. Solar energy is attractive as a potential energy source

because it is renewable, it is free, and it does not pollute the environment.

Wind energy, like solar energy, is already used on land. As mentioned earlier,
wind turbines and wind power plants can only be placed in specific areas where the
wind constantly blows. Along the coast of much of the United States, conditions are
favorable toward the use of wind energy. (There are people, however, who are
opposed to putting turbines just offshore, because they believe it will spoil the ocean
view.) Currently, there is a plan to build an offshore wind plant off the coast of Cape
Cod, Maryland. Wind is a renewable energy source that does not pollute; so many

people see it as a good alternative to fossil fuels.

Hydroelectric Power

Of the renewable energy sources that generate electricity, hydropower is the
most often used. It accounted for 7% of U.S. generation and 45% of renewable

generation in 2003 (according to U.S. Department of Energy studies).

Hydropower is one of the oldest sources of energy. For example, as we saw
earlier, it was used thousands of years ago to turn paddle wheels, which were used to
grind grain. The first industrial use of hydropower in the United States to generate
electricity happened in 1880 in Grand Rapids, Michigan.
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The first U.S. hydroelectric power plant opened on the Fox River near Appleton,
Wisconsin, on September 30, 1882. Up until that time, coal was the only fuel used to
produce electricity. Because the source of hydropower is water, hydroelectric power
plants must be located on a water source. Therefore, it wasn’t until the technology to
transmit electricity over long distances via transmission lines was developed that

hydropower became widely used.

Hydroelectric Power Plant

Transmission lines Dam
Carry electricity to Raises river level
homes and business creagng drop of water
Generator ~
Turned by the turbine,
produces electrical energy 7 ;

e 3

Schematic of a hydroelectric power plant.

Directing, harnessing, or channeling moving water drives mechanical energy.
The amount of available energy in moving water is determined by the rate at which it
flows or falls. Swiftly flowing water in a big river carries a great deal of energy in its
flow. Similarly, water descending rapidly from a very high point also carries a great
deal of energy as it falls.
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The water flows through a pipe — also called a pen-stock — and then pushes
against and turns the blades in a turbine to spin a generator in order to produce
electricity. In a “run-of-the-river” system, the force of the current applies the needed
pressure, while in a storage system, water is accumulated in reservoirs created by
dams and then released when the demand for electricity is high. Meanwhile, the
reservoirs or lakes are used for boating and fishing, and often the rivers beyond the

dams provide opportunities for white-water rafting and kayaking.

The U.S. Department of Energy has determined that 56% of the total U.S.
hydroelectric capacity for electricity generation is concentrated in three states:
Washington, California, and Oregon. Only a small percentage of all dams in the
United States produce electricity. Most other U.S. dams were constructed mainly to

provide irrigation and flood control.

Hydropower is an ideal fuel for electricity generation because, unlike the
nonrenewable fuels used to generate electricity, it is almost free, there are no waste

products, and it does not pollute the water or the air.

It is sometimes criticized, however, because it does change the environment by
affecting natural habitats. For example, in the Columbia River in Washington, salmon
must swim upstream to their spawning grounds to reproduce, but the series of dams
gets in their way. Different approaches to fixing this problem have been used,
including the construction of “fish ladders” that help the salmon “step up” the dam to

the spawning grounds upstream.

As the world’s energy demand increases, fossil fuels become less accessible, and
people learn more about the benefits to health and life of maintaining a clean
environment, the renewable resources covered in this chapter will become

increasingly important.
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IRREGULAR VERBS

Past

Infinitive Past Iepexnan
Tense Participle
arise [o'raiz]  arose [o'rouz]  arisen [o'riz(d)n]  pyuukarw, 3'sEasTHCS
awake [o'weik] awoke [o'wouk] awoken [o'woukon]  Gyyuru, npobymKysatics
be [bi:] was,were [woz],[w3:]been [bi:n] Ooytu
bear [bea] bore [bo:] born [bo:n] HAPOIIKYBATH, IPUHOCHTH
beat [bi:t] beat [bi:t] beaten ['bi:tn] outn
become  [br'kam] became  [b1'kerm] become [b1'kam]  craBarm
begin [br'gin] began [b1'gen] begun [b1 'gan] OYMHATHU(CS)
bend [bend]  bent [bent] bent [bent] THYTH, 3THHATH
bind [baind] bound [bavnd]  bound [baund] HOB'SI3yBaTH
bite [bait] bit [brt] bitten ['bitn] Kycatu(cs)
bleed [bli:d]  bled [bled] bled [bled] KPOBOTOYHMTH
blow [blou]  blew [blu:] blown [bloun] yTH
break [breik]  broke [orouk]  broken ['brouken]  mamaru(cs)
breed [ori:d]  bred [bred] bred [bred] BUXOBYBATH
bring [brig] brought  [bro:t] brought [bro:t] NPUHOCUTHU
build [bild] built [bilt] built [bilt] OynyBaTH
burn [b3:rn]  burnt [b3:nt] burnt [b3:nt] TOpiTH, TATUTH
burst [b3:st]  burst [b3:st] burst [b3:st] BUOYXHYTH, IiIPUBATH
buy [bar] bought [bo:t] bought [bo:t] KYITyBaTH
cast [ka:st]  cast [ko:st] cast [kast] KUHYTH, TATH (MeTal)
catch [ketf]  caught [ko:t] caught [ko:t] JIOBUTH, CXOIUIIOBATH
choose [tfu:iz]  chose [tfouz] chosen ['tfouzon]  BuOHMpaTH, miAOUpPATH
come [kam] came [kerm] come [kam] MPUXOUTH
cost [kost] cost [kost] cost [kost] KOIITYBaTH
cut [kat] cut [kat] cut [kat] pizaTtu
dig [dig] dug [dag] dug [dag] PHUTH, KOTIATH
do [du:] did [did] done [dan] poouTu
draw [dro:] drew [dru:] drawn [dro:n] MaJIFOBaTH, TATTH
dream [driim] dreamt [dremt]  dreamt [dremt] MPISITH, CHUTHCS
drink [dripk]  drank [drenk]  drunk [drank] TUTH
drive [drarv]  drove [drouv]  driven ['driven] BOJIUTH
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Infinitive

eat
fall
feed
feel
fight
find
fit
fly
forget
forgive
freeze
get
give
go
grow
hang
have
hear
hide
hit
hold
hurt
keep
kneel
knit
know
lay
lead
lean
learn
leave

lend

[i:t]
[fo:1]
[fi:d]
[fi:1]
[fart]
[faind]
[fit]
[fla1]
[for'get]
[for'giv]
[fri:z]
[get]
[g1v]
[gou]
[grou]
[heen]
[heev]
[hior]
[hard]
[ht]
[hould]
[h3:rt]
[ki:p]
[ni:1]
[n1t]
[nou]
[let]
[li:d]
[li:n]
[13:rn]
[li:v]
[lend]

Past

Tense
ate
fell
fed
felt
fought
found
fit
flew
forgot
forgave
froze
got
gave
went
grew
hung
had
heard
hid
hit
held
hurt
kept
knelt
knit
knew
laid
led
leant
learnt
left

lent

[ext, et]

[fel]
[fed]
[felt]
[fo:t]

[faond]

[fit]
[flu:]

[for'got]
[for'gerv]

[frouz]
[got]
[gerv]
[went]
[gru:]
[han]
[heed]
[h3:rd]
[hid]
[ht]
[held]
[h3:rt]
[kept]
[nelt]
[n1t]
[nu:]
[lexd]
[led]
[lent]
[13:rnt]
[left]
[lent]

Past
Participle

eaten
fallen
fed
felt
fought
found
fit
flown
forgotten
forgiven
frozen
got
given
gone
grown
hung
had
heard
hidden
hit
held
hurt
kept
knelt
knit
known
laid
led
leant
learnt
left

lent
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['i:tn]
['fo:lon]
[fed]
[felt]
[fo:t]
[faund]
[fit]
[floun]
[for'gptn]

[for'grvon]

['frouzon]
[got]
['grvon]
[gon]
[groun]
[hap]
[heed]
[h3:rd]
['hidn]
[ht]
[held]
[h3:rt]
[kept]
[nelt]
[n1t]
[noun]
[lexd]
[led]
[lent]
[13:rnt]
[left]
[lent]

Iepexkaan

ictu

MaJaT
rOJlyBaTH
BiJIYyBaTH
Ooporucs
3HAXOIUTH
MIIXOIUTH 32 PO3MIPOM
JiTaTu
3a0yBartu
npobayaTu
3aMep3aTu
OTPUMYBATH
JlaBaTH

ITH, XOIUTH
poctu

BHUCITH, pO3BIIIyBaTH

MaTH

9yTH

XOBaTH

MOTPAIUIATH B I[1Th
TPUMATH

TIOPAHUTH, ITOIIKOTUTH
TpuUMartHu, 30epiratiu
CTaBaTH Ha KoJiHa
B's13aTH (CIUILISIMU)
3HATH

KJIACTH, TIOKJIACTH
BECTH, OUOIIOBATU
HaXUJIATUCS

BUNTH

3aJIMIIATH, IIOKUIATH

3aI>'IMaTI/I, Ho3u4daTu



Infinitive

let
lie

light

lose
make
mean
meet
mistake
pay
put
read
ride
ring
rise
run
say
see
seek
sell
send
set
shake
shine
shoot

show
shrink
shut
sing
sink

sit

[let]
[lar]

[ait]

[lu:z]
[merk]
[mi:n]
[mi:t]
[mis'teik]
[per]
[pot]
[ri:d]
[raid]
[rm]
[raiz]
[ran]
[ser]
[si:]
[si:K]
[sel]
[send]
[set]
[Jeik]
[Jam]
[Ju:t]
[Jou]

[Jrink]

[/at]
[sm]
[smk]
[s1t]

Past
Tense
let

lay

lit

lost
made
meant
met
mistook
paid
put
read
rode
rang
rose
ran
said
saw
sought
sold
sent
set
shook
shone
shot
showed

shrank

shut
sang
sank

sat

Past
Participle
[let] let
[ler] lain
[lit] lit
[lost] lost

[meid] made
[ment] meant
[met] met

[mis'tuk] mistaken

[perd] paid
[put] put
[red] read
[roud] ridden
[ren] rung
[rouz] risen
[ren] run
[sed] said
[so:] seen
[so:t] sought
[sould] sold
[sent] sent
[set] set

[Jok] shaken
[Joun, fon] shone
[fot] shot
[Joud] shown

[Jrenk]  shrunk

[fat] shut
[seen] sung
[seenk] sunk

[seet] sat
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Iepexkaan
[let] JI03BOJISITH
[lemn] JeXKaTH
it BHUCBIT/IIOBATH,
3aranaroBaTu
[lost] BTpavyaTu
[merd] pobutu
[ment] 3HAYUTH
[met] 3ycTpiyatu

[mis'teik(e)n]momunsaTrCs

[perd] IJIaTUTH

[pot] KJIACTH, CTABUTH
[red] YUTATH

['r1dn] iXaTu BEpXu
[ran] I3BOHUTH, I3BEHITH
['r1zon] MiTHIMATHCS
[ran] oirtu

[sed] TOBOPUTH

[si:n] O0aunTH

[so:t] IIyKaTH

[sould] NpO/IaBaTH
[sent] MOCHJTaTH

[set] KJIaCTH, CTABUTH
['feikon] TPSCTH

[Joun, fon] cBiTHTH, CAATH, OIUIATH

[Jot] CTPLISATH

[Joun] MOKa3yBaTH
cimaTtu (mpo maTepian),

[Jrank] 3MEHIIyBaTH(Cs),
cKopouyBaTu(cst)

[Jat] 3aKpHUBaTH

[sAp] CIIBAaTH

[sank] TOHYTH

[seet] CUIITH



Infinitive

sleep
smell
slide
sow
smell
speak
spell
spend
spill
spit
split
spoil
spread
stand
steal
stick
sting
strike
strive
swear
sweep
swim
take
teach
tear
tell
think

throw

understand

upset

wake

[sli:p]
[smel]
[slaid]
[sou]
[smel]
[spi:K]
[spel]
[spend]
[spil]
[sprt]
[split]
[spoil]
[spred]
[steend]
[sti:l]
[stik]
[stin]
[straik]
[strarv]
[sweo]
[swi:p]
[swim]
[teik]
[ti:tf]
[tear]
[tel]
[6mk]
[Orou]
[andor

'steend]
[Ap'set]
[weik]

Past

Tense
slept
smelt
slid
sowed
smelled
spoke
spelt
spent
spilt
spat
split
spoilt
spread
stood

stole
stuck

stung
struck
strove
swore
swept
swam
took
taught
tore
told
thought

threw

understood

upset

woke

[slept]
[smelt]
[slid]
[soud]
[smeld]
[spouk]
[spelt]
[spent]
[sp1lt]
[spet]
[split]
[spoilt]
[spred]
[stod]
[stoul]

[stak]

[stap]
[strak]

[strouv]
[swo:]
[swept]
[swem]
[tok]
[to:t]
[tor]
[tould]
[0o:t]
[Oru:]
[andor

'stod]
[Ap'set]

[wouk]

Past

Participle
slept [slept]
smelt [smelt]
slid [slid]
sown [soun]
smelled [smeld]
spoken ['spoukon]
spelt [spelt]
spent [spent]
spilt [spilt]
spat [spt]
split [split]
spoilt [spotlt]
spread [spred]
stood [stud]
stolen ['stoulon]
stuck [stak]
stung [stap]
struck [strak]
striven ['strvn]
sworn [swon]
swept [swept]
swum [swam]
taken ['terkon]
taught [to:t]
torn [torn]
told [tould]
thought [00:t]
thrown [O6roun]

Iepexkaan

craTu
HIOXaTH, TAaXHYTH
KOB3aTH

CisTH, 3aCiBaTH
HIOXATH, TAaXHYTH
TOBOPHUTH

BUMOBJIATH 10 OYKBaXx
BUTpAYaTH
IPOJIMBATH

IUTIOBATH
PO3IICTUIIOBATH
NICYBaTU

oL PrOBaTU(CsI)
CTOSITH

KpacTu

IpUKIICIOBaTH(CA),
3acTpsiBaTH, yIUPATUCS
KaATUTH

yIapATH, CTPaKyBaTH
HaMaraTHucsi, IParHyTH
JaBaTH KJISTBY
IIOMCTH, MiAMITaTH
nJIaBaTu

Opartu, B3TH

BUUTH

pBaTu

po3MoBiaTH

TyMatu

KUIaTH

understood [andar 'stod] pozymitu

upset [Ap'set]

woken ['woukan]
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HepeKuaTi, 3aCMy4qyBaTH
(nnanm), 3acMy4yBaTu
IPOKUAATUCS



Infinitive

wear
weep
wet
win
wind

write

[weoar]
[wi:p]
[wet]

[win]
[waind]

[rart]

Past

Tense

wore
wept
wet

won

wound

wrote

[wor]
[wept]
[wet]

[waAn]
[waund]

[rout]

Past
Participle

worn
wept
wet

won

wound

written
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[worn]
[wept]
[wet]

[waAn]
[waund]

['r1tn]

Iepexkaan

HOCUTH
IUTaKaTH

MOYMTH, 3BOJIOKYBATH
BUI'paBaTH, llepeMaraTu
3BHBATUCS, OOMOTYBaTH,
3aBOJAUTH (TOJIMHHUK)

nucaTu
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