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HNPEINCJIOBUE

Hacrosimee ydeOHO-MeToAnMYeCcKOe IMOCOOME TpeTHa3HAYCHO LIS
CTYJIEHTOB BY30B, 00y4aromuxcs no crnenuanbaoct 1-53 01 05 «ABTo-
MaTH3UPOBaHHbIE JIEKTPONPUBOIALD. B TO ke Bpems, NaHHOE H3IaHHE
OyIeT moJe3HO CTyACHTaM BY30B JPYTHX CHEIHaIbHOCTEH, CBSI3aHHBIX
¢ aproMaTtu3anme mpousBojacTBa. Ilpeamaraemoe yueOHOe mocobue
MOATOTOBJIEHO B COOTBETCTBHM C TPEOOBAaHMSIMU THUIIOBOH IMPOTPaMMBI
110 MTHOCTPAHHBIM SI3BIKaM JUIA BBICIINX y4EOHBIX 3aBeICHUI M yUeOHBIM
TUTAHOM BBIIIEYKa3aHHOM CHEIMaIbHOCTH.

Lenpro mocoOust ABIseTCS cUCTEMAaTH3aLUsl 3HAHUHM CTYAEHTOB IO
npeasaraeMoi TeMaTruke, o0oraiieHue X CIOBapHOTO 3araca, a TaKkxKe
(opMuUpOBaHHE y CTYACHTOB PEYEBHIX HABHIKOB M Pa3BUTHE YMEHHH
NpoQeCcCHOHAIFHO OPUEHTUPOBAHHOTO HHOSI3BIYHOTO OOIIEHHS B YCT-
HOW M MHUCBMEHHOW (opMe B MPEANoyIaraeMblX CUTYalUsX npodeccuo-
HaJILHOM JIEITEIbHOCTH.

[Mocobue cocTout U3 § pa3aenoB, OXBAaTHIBAIOIIMX OCHOBHBIE TEMAaTH-
YecKue 00JacTH, OTHOCALIMECS K cdepe aBTOMAaTHU3alUuU TEXHOJIOTHYe-
CKHUX IIPOILIECCOB U MPOM3BOACTB. Kaxkaplil pasznes UMeeT equHyo CTPYK-
TypYy, BKJIIOUAIOIIYIO CJICIYIOUINE KIFOUYEBhIC 3JIeMEeHThI: Switch on (BBe-
JIeHUE B TEMY B BHJE MPOOJIEMHBIX BOIIPOCOB), Vocabulary (ekcuueckue
3a7aHKs Ha CHCTEMAaTH3allMI0 U aKTMBU3ALMI0 TEMAaTHYECKOIO CJIOBaps),
Reading (ayTeHTHYHBIC TEKCTHI C 3aIaHUSMU ISl PA3TMYHBIX BHUIIOB UTeE-
HUS ¥ KOHTPOJI IOHUMAaHUS MPOYUTAaHHOT0), Grammar (rpaMMaTH4eCcKui
CIPaBOYHBIIl MaTepual ¢ pSAOM YNPaXKHEHHH, HALlEICHHBIX Ha CHCTEMa-
THU3AIMI0 TPAMMAaTHYECKUX 3HAHWH W COBEPIICHCTBOBAHHWE IpaMMaTHde-
CKUX HaBBIKOB), Speaking (ynpakHEHHsI Ha pa3BUTHE HABBIKOB yCTHOM
peyH B cUTyauusx npogecCHOHaIbHO OPUEHTUPOBAHHOTO OOIICHNUS).

Kaxnplii pasznesn BKIOYAET YIPAXKHEHUS! PAa3IMYHOIO YPOBHS CIIOXK-
HocTH. [locoOue MOKeT MCIOJIb30BaThCS KaK Uil OpraHU3allid OCHOB-
HOHU ayAMTOPHOM, TaK U BHEAYAUTOPHOMN PaOOTHI.



UNIT 1
ENGINEERING MATERIALS

SWITCH ON

Exercise 1. Write a list of things that are often made of:

steel, cardboard, cotton, wood, glass, copper, leather, aluminium,
rubber, concrete, plastics, silicon

Exercise 2. Complete the sentences using the words in the box.

| metallic, non-metallic, ferrous, non-ferrous, non-metal, metal |

1. Carbonisa .

2. Copperisa_____ metal

3. Aluminium is a common

4. Steelis a widelyused  metal.

5. Although it is used in steel, carbonis .

6. Aluminium is rather light fora _ material.
VOCABULARY & READING

Exercise 1. Study the words and word combinations in bold from
the text “Engineering Materials” and write them down into your
personal vocabularies.

Exercise 2. Match the words and word combinations having an
opposite meaning.

1. Ferrous a. Insulator

2. Solid b. Alloy

3. Conductor c. To resist corrosion
4. Pure substance d. Non-ferrous

5. To rust e. Good

6. Poor f. Liquid



Exercise 3. Match the alloys with their constituents.

1. Steel a. An alloy of copper and zinc

2. Brass b. An alloy of iron and carbon

3. Invar c. An alloy of copper and tin

4. Bronze d. An alloy of iron, carbon and
chromium

5. Stainless steel e. An alloy of iron and nickel

Exercise 4. Read the text below and decide whether the sentences
are true or false.

1. Various materials have been known since ancient times.

2. The structures and devices the engineers develop are limited by
the properties of the materials.

3. All metals are solid substances.

4. Metals have low thermal and electric conductivity.

5. Pure metals are seldom used for certain applications.

6. Examples of alloys include iron, copper, zinc, aluminum.

7. Non-ferrous metals contain iron.

8. Alloys can contain both metallic and non-metallic constituents.

9. The presence of chromium protects stainless steel from rust.

10. Non-metals are good insulators.

ENGINEERING MATERIALS

Materials are the primary part of all things surrounding us. In fact,
some materials have given the name to various ages in human history,
for example, Stone Age, Bronze Age, Iron Age, Synthetic Materials
Age, Smart Materials Age. The materials used for manufacturing of
engineering products are called engineering materials. The research and
development of new engineering materials is a continuous process. Cur-
rently many institutions and laboratories are working on the develop-
ment of new materials to cope with the changing demands of industries.

Engineering materials can be classified according to the branch of
engineering like mechanical engineering materials (iron, steel etc.), elec-
trical engineering materials (conductors, insulators, magnetic materials,
etc.), civil engineering materials (cement, stone, etc.) and so on. The
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structures, components, and devices that engineers design are limited by
the properties of the materials that are available and the techniques that
can be used for fabrication.

Basically, engineering materials can be classified into two categories:
metals and non-metals. Most metals are solid at room temperature.
However, mercury is the only metal that is liquid at room temperature.
Examples of metals include silver, copper, gold, aluminium, iron, zinc,
lead, tin etc. All metals have high thermal and electrical conductivity.

Pure metals have very low mechanical strength, which sometimes
does not match with the mechanical strength required for certain loads.
To overcome this drawback alloys are used. Alloys are the composition of
two or more metals or metal and non-metals together. Generally, alloys have
better strength and durability than their main metals. Examples are steel, brass,
bronze, invar etc.

Metals can be further divided into two groups: ferrous and non-
ferrous metals. All ferrous metals such as cast iron and steel have iron
as a basic substance. Non-ferrous metals do not contain iron. Non-
ferrous metals include silver, copper, gold, aluminium etc. Ferrous met-
als are prized for their tensile strength and durability thanks to a high
carbon content. However, ferrous metals tend to rust when exposed to
air and water. There are two exceptions to this rule: wrought iron resists
rust due to its purity and stainless steel is protected from rust by the
presence of chromium. Most ferrous metals are magnetic which makes
them very useful for motor and electrical applications.

The main advantage of non-ferrous metals over ferrous materials is
their malleability. They also don’t contain iron that gives them a higher
resistance to rust and corrosion. They are non-magnetic, which is im-
portant for many electronic and wiring applications.

Non-metals are poor conductors of heat and electricity. Examples
include plastics, rubber, ceramic, leather etc. Non-metals have very high
resistivity which makes them suitable for insulation purpose in electrical
machines.

Exercise 5. Explain why:

1) many scientific laboratories are working now on the develop-
ment of new materials.



2) the properties of engineering materials are considered to be very
important.

3) alloys are used.

4) ferrous metals are very useful for motor and electrical applications.

5) non-ferrous metals have high corrosion resistance.

6) non-ferrous metals are important for electronic and wiring appli-
cations.

7) non-metals are suitable for insulation purposes.

Exercise 6. Match the words below to make word combinations
found in the text “Engineering Materials”.

A B
tensile, stainless, cast, poor, | conductors, applications, tem-
liquid, pure, carbon, wiring, | perature, content, materials,
engineering, normal strength, iron, state, steel, metal

Exercise 7. Read the groups of derivatives and translate them in-
to Russian.

1) to conduct, conductor, conductivity;

2) to insulate, insulator, insulation;

3) torust, rust, rusty;

4) pure, purity, to purify;

5) to corrode, corrosion, corroded;

6) to resist, resistance, resistivity, resistant;
7) oxide, oxygen, oxidation, to oxidize.

Exercise 8. Complete the sentences with the words from exercise 7.
Sometimes there is more than one possible answer.

1. When steel is exposed to air or water, it
2. Non-ferrous metals can be used to protect steel from by
plating it — that is, covering it with a layer of metal.
3. Materials with very high  , such as plastics, are called elec-
trical
4. A water molecule —-H,O— contains two hydrogen atoms and one
atom.




5. An orange coating on the surface of metal is called

6. Aluminium is a very light metal but it's also very soft in its
form.

7. Copper has high for electricity and heat.

8. Materials that are good insulators are used to __ conductors.
An example is plastic around electric wires.

9. The main disadvantage of ferrous metals is that they go .

10. Aluminium does not __ easily because it has a protective layer
of aluminium

Exercise 9. Find seventeen materials in the puzzle. Read across,
down, and diagonally.

XIL|X|IWO|O|D|Z|T|I|N
CIE|RIAMT|C|J| R/M|W
P AIB| N|J | X|CIX|U|X|O
AT R|IX|Y|T|X|T|B|G|O
P H X D T/ LINIR|B|O|L
E|E | X|S|B|T|O|O|E|L|S
RIRIAIX MO X|N|R|ID|T
X|L|X|U|G|L|A|S|S|X|E
P LOIL|Y|S|T|Y R|E|N]|E
X|A|S|T|L|V|E|/R|D|X|L

Exercise 10. Study the words and word combinations in bold
from the text ‘Properties of Materials’ and write them down into
your personal vocabularies.

Exercise 11. Skim the text and complete the sentences below.

1. Glassisa material but it’s an excellent

2. Carbon and alloy steels have the property of .

3. Copperis  and  ,alsoit’s anexcellent  material.
4. Rubberis

5. Stainless steelis ~ and  , thereforeit’s .



Exercise 12. Read the text again and answer the following questions.

1. What happens to a material when it is subjected to tension?

2. What is tensile strength?

3. What kind of materials can extend significantly, but still return
to their original shape?

4. What materials are called plastic?

5. Is copper malleable or ductile?

6. Soft materials are wear-resistant, aren’t they?

PROPERTIES OF MATERIALS

Different materials exhibit different working properties. When mate-
rial is subjected to tension, its length will increase by a certain amount.
Tensile strength (the ability to resist tension) is a very valuable property
of ferrous metals such as carbon and alloy steels.

Some materials can extend significantly, but still return to their origi-
nal shape. A material’s ability to do this is called elasticity. Rubber is an
example of a very elastic material. If a material has low elasticity and is
weak, it is described as brittle — that is, it breaks very easily. Glass and
cast iron are the examples of brittle materials.

Some materials can change shape significantly, but do not return to
their original shape. We say these materials are plastic. A material that
can be plastically deformed by hammering or rolling is malleable. A
material that can be stretched into a long length is ductile. For example,
mild steel, copper and tin are malleable as well as ductile.

Some materials conduct heat better than others. Therefore, thermal
conductivity varies, depending on the material. Copper is an excellent
conductive material. Glass, on the other hand, is an excellent thermal
insulator.

The hardness of a material affects its durability — that is, how long it
will last. Generally, hard materials are more durable than soft materials
because they are more wear-resistant like stainless steel.

Exercise 13. In the texts ‘Engineering Materials’ and ‘Properties
of Materials’ find the adjectives related to the nouns in the box.

durability, malleability, plasticity, elasticity, purity, ductility,
conductivity, strength, length, tension, brittleness, hardness




Exercise 14. Match the properties to their definitions.

1) conductivity a) the ability of a material to permanently
deform in all directions without cracking

2) strength b) the ability of a material to withstand
wear, especially as a result of weathering

3) elasticity c) the ability of a material to conduct
heat or electricity

4) plasticity d) the ability of a material to withstand
a force without breaking or bending

5) malleability e) the ability of a material to permanently
change in shape

6) durability f) the ability of a material to deform,
usually by stretching along its length

7) ductility g) the ability of a material to bend and
then return to its original shape and size

GRAMMAR

DEGREES OF COMPARISON

Exercise 1. Write the opposites using the adjectives in the box.

soft, dangerous, slow, good, elastic, difficult, heavy, conductive,

expensive, low
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1) easier — more difficult
2) harder

3) cheaper

4) lighter

5) more brittle

6) worse

7) faster

8) higher

9) more insulating

10) safer



Exercise 2. Choose the best option.

1.  When pure metals are mixed with stronger / more strong alloy,
they will actually be much most durable / more durable.

2. Since aluminium has a lowest / lower density than steel a car
body made from aluminium will be lighter / more lighter than the same
car body made from steel.

3. A car body made from aluminium will corrode little / less than
one made from steel. However, aluminium is the most expensive / more
expensive than steel.

4. Gold resists corrosion gooder / better than the other precious
metal, silver.

5. Stainless steel is more corrosion-resistant / the most corrosion-
resistant of all steels.

6. Carbon steel has a higher / more high carbon content in compar-
ison to other types of steel.

7. Gold is often mixed with nickel, zinc, copper and other metals to
make it the hardest / harder.

8. Carbon steel is used in the tallest / the most tall skyscrapers and
longer / longest bridges.

Exercise 3. Study the information about different types of steel.
Complete the sentences with the comparative or superlative form of
the adjectives in brackets.

Materials Mild steel Stainless Tool steel
Properties steel
1. Carbon 0,25 % 0,07-0,12% | 0,7—-1,5%
content
2. Hardness - + +
3. Malleability + -/+ -/+
4. Resistance - + -
to corrosion
5. Resistance - + +
to wear
6. Resistance to - - +
high temperature
7. High price - + +
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Example: Mild steel has a lower carbon content than tool steel. (low)

1. _ carbon content of the three has . (small)

2. Stainless steel and tool steel provide  hardness than . (good)

3. _ ofthethreeis . (malleable)

4. The the steel the it is worked with. (malleable, easy)

5. Stainless steel is _ than mild steel and . (corrosion-
resistant)

6.  has  resistance to wear. (little)

7. Toolsteelis  than . (wear-resistant)

8.  The resistance of to high temperature is . (large)

9. Mild steel is than _ and tool steel. (cheap)

10. Stainless steel and tool steel are much than . (expensive)

11. Drills are made of tool steel because itisalot  than .

(resistant to heat)
Exercise 4. Correct the mistakes if necessary.

1.  Almost all metals used in construction are mixed with some
alloys to make them more strong and easy to work with.

2. Platinum is hard, but titanium is much hard.

3. Stainless steel provides gooder durability than pure iron.

4. Tungsten is much more durable than silver.

5. Harder metals also have a tendency to be expensiver.

6. The thermal conductivity of copper is about 40 % great than that
of aluminium.

7.  So, copper is a much most effective thermal conductor than
aluminium.

8. The problem of metal micro-cracking is made bad over time.

Exercise 5. Translate the sentences into English

1. Cranp — 3TO caMbli IIUPOKO HCIOIB3YEMBIH KOHCTPYKLIMOHHBIN
MaTepua.

2.  ANrOMHHUE MOYKHO JIETUPOBATh C THTAHOM, YTOOBI CO3AaTh Ooee
MIPOYHBIE U JIETKHE CIIABBI.

3. MbI HUKOTZIA ellle He UCTIONB30BAIM 00Jiee N3HOCOCTOMKHUN Mare-
pHa, 4eM 3TOT.

4. JlatyHp, cIulaB MeOW U IIMHKA, SABJSETCS XOPOIIMM IPOBOJHU-
KOM Teria U 3JIEKTPUIECTBA.
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5. DTOo caMblif MPOYHBIN METaJI, KOTOPBIH S KOTIa-ITn00 BUAECI.

6. Ilmactuk — ATO caMbIil MOJXOMAIIUNA U3OISAIMOHHBIA MaTepuall,
TaK)ke OH CaMBbIi JICTIICBBI.

7.  Xopomias KOBKOCTb MEAX TO3BOJISIET € JIETKO BBITSTUBATHCS, UTO
HAXOJUT IIUPOKOE NPUMEHEHUE B TIPOU3BOJICTBE SJEKTPUUYECKUX ITPOBOAOB.

8. CampIM OOJIBITUM HEAOCTATKOM YEPHBIX METAJUIOB SBISIETCS MX
Oonee HHU3KOE COMPOTUBJICHUE KOPPO3UM IO CPABHEHHIO C IIBETHBIMU
MeTaJUIaMH.

9. — Ilouemy "epHBIC METAILTHI PKABEIOT? — PkaBUMHA TOSIBISICTCS
M3-32 XUMHUYECKON peakinyu MEeXay >KeJIe30M M KUCIOPOJOM B BO3IyXE.
Camblil KOppO3HEYCTONUUBBII YEPHBIN METAT — 3TO HEPKABEIOLIAs CTallb.

10. M3HOCOCTOMKOCTh MHCTPYMEHTAJIBHOUM CTaJIM JIENaeT €€ MOoAXo-
TISAITIM MaTEePHaAIOM ISl IPOU3BOJICTBA PEKYIINX WHCTPYMEHTOB, KOTO-
pbIe pabOTaIOT IMPU BBICOKUX TEMIEpaTypax.

11. — W3 xakoro marepuana M3roTaBIUBAIOT JIEKTPOJABUTATENIHN? —
brmaromapss ¢cBOMM MarHUTHBIM CBOWCTBaM, IPOYHOCTH HA Pa3phlB H
TBEPJOCTU JUTEHHBIM UYYyTYH HICAIBHO IOAXOAMUT JJISl MPOU3BOJCTBA
3NEKTPOJBUTATENEH.

12. bonee TBepable METAIIBI NPEIOCTABISIIOT JYUIIY0 U3HOCOCTOM-
KOCTb U COXPAHSIOTCS JOJBIIIE.

SPEAKING

Exercise 1. Make short dialogues about the products and the
materials they are made of. Use the prompts below.

A: What’s / what are the ... made of?

B: It’s / they 're made of ...

A: Why do they /we use ...?

B: Because it’s ...

1) electric wires / copper;

2) cutting tools and drills / tool steel;

3) insulating coating / plastic;

4) turbine blades, springs and household utensils / stainless steel;

5) parts of aircraft and car bodies / aluminium;

6) machine tools and automobile engines / cast iron;

7) ships and containers for chemicals / titanium,;

8) electric bulbs / glass;

9) protective coating to iron and steel / zinc.

13



Exercise 2. Work in pairs. Read the text. Discuss it with your
partner using the questions below.

In general, metals and alloys are conductors of electricity. The most
common metals used in electrical engineering are copper, aluminium and
their alloys. Copper has the highest electrical and thermal conductivity
of the common industrial metals. It has good mechanical properties, is
easy to solder and is readily available. Cadmium copper, chromium cop-
per and silver copper find wide application in the electrical industry
where high conductivity is required.

Cadmium copper is particularly suitable for the contact wires in elec-
tric railways, tramways, trolley buses, gantry cranes and similar equip-
ment, and is also used in overhead telecommunications lines and trans-
mission lines. Chromium copper is particularly suitable for high-strength
applications such as spot and seam types of welding electrodes. Silver
copper is basically used in electrical machines which operate at high
temperatures or are exposed to high temperatures in manufacture.

Several aluminium alloys are also good conductors, combining
strength with acceptable conductivity. Aluminium is less dense and
cheaper than copper. Aluminium and its alloys are used in cables, bus
bars and overhead lines.

1. Materials / conductors / are / of / electricity / what?

2. Metals/ are /electrical / what / the most / engineering / common / in?

3. Metal / the highest / has / conductivity / thermal / and /which /
electrical?

4. Properties / copper / what / have / does?

5. Copper alloys / what / know / you / do?

6. Is/cadmium copper / for / what / suitable?

7. Lines/is/ transmission / cadmium copper / also / in / used / isn’t it?

8. Used / chromium copper / spot and seam / is / electrodes / types
of welding / for?

9. Used /silver copper / where / is?

10. Do/ alloys / combine / what / aluminium / properties?

11. Copper / than / cheaper / is / aluminium?

12. Alloys / machines / used / or / aluminium / in cables / are / in
electrical?

14



UNIT 2
FUNDAMENTALS OF ELECTRICITY

SWITCH ON
Exercise 1. Study the difference between “electric” and “electrical”.

1. Electric (adj) refers to something that runs on electricity, is pro-
duced by electricity or used for carrying electricity. Electric is used when
the object has been specified. For example, electric light, kettle, etc.

2. Electrical (adj) refers to something relating to electricity or
using electricity. Electrical is used in a more general sense. For example,
electrical equipment, appliances, etc.

Now decide what can be “electric” and “electrical”.
Engineer, wires, current, goods, cooker, charge, motor, engineering,
power, energy.

VOCABULARY & READING

Exercise 1. Study the words and word combinations in bold from
the text “Electricity” and write them down into your personal
vocabularies.

Exercise 2. Match the words with a similar meaning. Check any
unknown words in a dictionary.

1. Like a. Toraise

2. To step down b. To use

3. Toreverse c. Rubbing

4. Tostep up d. The same

5. Fission e. To lower

6. To occur f.  To push away
7. To repel g. Splitting

8. Friction h. To change

9. To harness i.  To happen

Exercise 3. Read the text below and decide whether the sentences
are true or false.

1. Electricity has been used since ancient times.
2.  Thomas Edison invented the electric bulb.
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3. Electric power is produced only by burning fossil fuels.

4. A set of transformers at the power plant step up low voltage to
high voltage used on the transmission lines.

5. A static charge creates an electric current.

6. Lightning is caused by the build-up of electrical charges on a
cloud, also known as static electricity.

7. Opposite charges repel, like charges attract.

8.  Electric current is a flow of negatively charged electrons along a
conductor.

9. Direct current regularly reverses direction.

10. The frequency of AC is measured in hertz.

ELECTRICITY

Electricity has been known since ancient times, but scientists could
not make use of it safely until the eighteenth century. Thomas Edison's
invention of the electric bulb in 1879 sparked the demand for electric
power that continues to this day.

Major electric utilities produce electric power by burning fossil fuels,
harnessing the hydroelectric energy, and initiating and maintaining
nuclear fission. Electric power is also generated from biomass, wind,
solar, geothermal and other renewable forms of energy.

An electric power system consists of six main components: the elec-
tric power generating plant; a set of transformers at the plant to raise
the generated electricity to high voltage used on the transmission lines;
the transmission lines; the substations at which the power is stepped
down to the voltage that can be distributed to consumers; the distribu-
tion lines; and the transformers that lower the distributed voltage to the
level needed by residential, industrial, and commercial users.

Electricity is a form of energy associated with charges, and both
electrons and protons carry a charge. Electrons carry a negative charge
while protons carry a positive charge. As a result, it is moving charges
(electrons) that are primarily responsible for electricity. A charge that
does not move is called astatic charge and creates static electricity.
It can be produced by friction which is one of the ways to separate
charges. However, they don't "want" to stay separated.

For example, when you walk across a carpet you can often charge
yourself and then touching a metal doorknob, you can get an electric
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shock. There is always a tendency for charges to return to their original
locations, and all that is needed is a pathway for charges to use. Static
charges build up on clouds until they can hold no more. At that point,
lightning can occur. Static electricity is widely used in xerography.

It’s a well-known fact that opposite charges attract, like charges
repel. A flow of negatively charged electrons makes up an electric cur-
rent. If the number of electrons flowing through a conductor increases,
the amount of current, or amperage, increases.

For anelectric currentto exist in a conductor there must be
an electromotive force (emf) or potential difference between the ends
of the conductor. If the source of potential difference is a battery,
the current flows in one direction as a direct current (DC). If the source
is the mains, the current reverses direction twice every cycle, as alter-
nating current (AC). There are several basic units of electricity.
An ampere is the unit measure of current, a coulomb is the unit measure
of charge. An ohm measures resistance to the flow of electricity and
a volt measures electromotive force.

The majority of electric current used for practical purposes is alter-
nating current. In North America, for example, electric power lines
operate at a frequency of 60 hertz. Outside of North America, 50 hertz
power line is more common.

Exercise 4. Put the words in the correct order and answer the
questions.

Invented / what / in / was / 1879?

Renewable / energy / are / resources / what?

Is / power / where / electric / generated?

Static / how / produced / is / electricity?

Where / electricity / used / static / is?

The source / of / what / alternating / is / current?

Are / the basic / of electricity / what / units?

Frequency / power / operate / do / what / lines / in North America?

NN RO =

Exercise 5. Electricity makes our modern world possible, but how
much do you really know about it? Take this quiz and find out.

1. Electricity that reaches our homes through cables is called
a) static electricity;
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b) direct current;

c) alternating current.

2. What does a transformer do to an electric current?
a) atransformer adds more watts;

b) atransformer changes voltage;

c) atransformer generates electricity.

3. The build-up of charges on an object is called
a) positive charge;

b) static charge;

c) negative charge.

4. Which type of current is produced by a battery?

a) static;

b) alternating;

c) direct.

5. This is related to the force that causes electric charges to flow.
a) voltage;

b) current;

c) resistance.

6. Lightning is

a) a high-voltage electric current;

b) safe;

c) alarge discharge of static electricity.
7. What do like charges do?

a) attract;

b) repel;

c) melt.

8. What is the unit used to measure resistance?
a) ohm;

b) ampere;

c) watt.

9. What do we call a continuous flow of electricity through a con-
ductor?

a) resistance;

b) voltage;

c) current.

10. Most of the energy consumed in Belarus comes from

a) hydropower;

b) natural gas, coal, petroleum;

c) biomass.
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Exercise 6. Choose the correct word below.

1. Thomas Edison’s (discovery / invention) of the electric bulb
sparked the demand for electric power.

2. Fossil fuels and nuclear fission are (renewable / non-renewable)
sources of energy.

3. After the step-up transformer, the current enters a (distribution /
transmission) line.

4. Electric (batteries / charges) are either positive or negative.

5. High voltage is (stepped up / stepped down) by transformers to
levels appropriate for distribution to consumers.

6. Current in a battery-powered flashlight, is called (alternating /
direct) current.

7. An electric current is the movement of charged particles meas-
ured in (ohms / amperes).

8. In order for an electric current to flow, a (potential difference /
high pressure) must exist between two points.

Exercise 7. Read the groups of derivatives and translate them
into Russian.

1) to transmit, transmission, transmitter;
2) to distribute, distribution, distributor;
3) to produce, production, producer;

4) to generate, generation, generator;

5) to operate, operation, operator;

6) to invent, invention, inventor;

7) to consume, consumption, consumer;
8) to charge, charge, charger;

9) to convert, conversion, converter.

Exercise 8. Complete the sentences with the words from exercise 7.
Sometimes there is more than one possible answer.

1. The  lines carry a lower voltage of electricity than the trans-
mission grid.

2. When the number of electrons in an object become unbalanced,
anegative  occurs.
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3. The electricity we use every day is __ in power plants.

4. The __ lines are huge steel towers that can be seen from
a distance.

5. In 1831 Michael Faraday built the first __, then called it dynamo.

6. Solarcells _ sunlight directly into electricity.

7. The turbine activates a generator to __ electricity.

8. Our _ of fossil fuels has doubled every 20 years since 1900.

9.  The induction motor has been improved greatly since its .

10. Protective clothing must be worn when the machine is in .

11. Russia is the world’s leading  of natural gas.

12. A is a machine that changes alternating current to direct

current and vice versa.

GRAMMAR
SIMPLE TENSES

The Present Simple is used to describe:

1. Habitual facts or repeated actions.
He starts work at 8 am every day.

2. Universal truths and permanent characteristics, situations or states.
The earth goes round the sun.

3. Scheduled facts and events.
The flight leaves at 2 p.m. (according to the time-table)
Time words with the Present Simple: usually, often, always, some-
times, seldom, rarely, every day (week, year) etc.

Positive Negative Questions
I/you/we/they do
[/ you/we/they not (don’t) usually | Do you/we/they
usually consume a consume much usually consume a
Present .. - ..
Simple lot of electricity. electricity. lot of electricity?
P He / she /it usually | He/she/ it does not Does he / she / it
Active s
consumes a lot of (doesn’t) usually usually consume
electricity. consume much much electricity?
electricity.
This device is / This device is not / | Is this device / Are
Present . . .
Simple these devices are | these devices are not | these devices pro-
Pasin)ve produced / sold by | produced / sold by duced / sold by
many companies. many companies. many companies?
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The Past Simple is used to describe:
1. A single past action or a past state.
James Watt invented the steam engine in 1765.
2. A succession of single past actions.
I entered the office, looked around and came up to the secretary.
Time words with the Past Simple: yesterday, 2 years ago, last year
(week, month), in 1997 etc.

Positive Negative Questions
1/you/we/they/ | L/You/welthey/ | yuq oo/ we they /
Past . ; he / she / it did not X
. he / she / it carried 1y he / she / it carry out /
Simple (didn’t) carry out /
. out / undertook the undertake the test
Active test vesterda undertake the test esterday?
y Y yesterday. y Y
The test was / t.he The test was not / Ehe Was the test / Were
Past tests were carried | tests were not carried .
. the tests carried out /
Simple | out/undertaken out / undertaken
. undertaken by the
Passive | by the researchers by the researchers
researchers yesterday?
yesterday. yesterday.

The Future Simple is used to describe:
1. A predicted future action, a happening of which is inevitable.
Next year he will be 18.
2. An action which the speaker regards as possible, probable or like-
ly to happen in the future.
I don’t think I will pass my exams easily.
3. An action decided on spontaneously, out of circumstances.
It’s hot in the office. I will turn on the air conditioning.
Time words with the Future Simple: tomorrow, in a week (month,
year), next year, in 2030 etc.

tomorrow.

Positive Negative Questions
Future | I/you/we/they/ [/you/ we /.t hey / Will you / we / they /
. e he / she / it will not .
Simple | he/she /it will carry , he / she / it carry out
. (won’t) carry out
Active | out the test tomorrow. the test tomorrow?
the test tomorrow.
The test will be car- | 1 PCIESLWILNOL 1 Goup et be car-
Future | . (won’t) be carried | .
. ried out / undertaken ried out / undertaken
Simple out / undertaken by
. by the researchers by the researchers
Passive the researchers

tomorrow.

tomorrow?
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Exercise 1. Complete the sentences using Present Simple Active
of the verbs in the box.

| stretch, rise, break, rust, melt, conduct |

If you drop a glass object, it .

If you pull a copper wire very hard, it .

If you heat steel bars to 1400°C, they .

If you put iron into water, it

5. If electric wires made of copper are connected to the power

supply, they .
6. If a heater warms the air in a room, the temperature

el S

Exercise 2. Complete the sentences with the affirmative or nega-
tive Present Simple or Future Simple form of the verb in brackets.

1. Fire  (need) oxygen to burn. It usually  (not / burn)
without oxygen.

2. In a few years a nuclear power plant  (produce) enough
electrical energy to meet the consumers’ demands.

3. Stainless steels  (not / rust) but most ferrous metals
(corrode) when exposed to air or water.

4. As soon as we check electric wires and cables, we _ (let) you
know.

5. Next year the introduction of new gas turbine generators
(reduce) heat loss and (increase) the efficiency of fossil fuel.

6. Alternating current regularly  (reverse) direction, while
direct current (not / change) direction.

7. —Canyou wait forme? It (not/be) very long.

8. I'm sure Misha  (get) the job. He ~ (have) a lot of
experience.

Exercise 3. Give the Past Simple form and the Past Participle
form of the verbs in the box.

Example: protect — protected — protected (regular verb), choose —
chose — chosen (irregular verb)
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a) produce e) begin i) invent m) have
b) do f) cut j) melt n) freeze
¢) drive g) flow k) be 0) burn
d) get h) measure 1) keep p) fall

Exercise 4. Find the past forms of 20 irregular verbs in the puzzle.
Read across, down and diagonally.

H WD W|R|O|T]|E |E
A|F|E|TIT | X|T H|S|D
D/IOJON/D|T|O|L|D
CIU|T| R|T/IR|U|O[X
M|IN[Z | X|G|O|G]|S K
E|D/C|N|C|O|H|A S
A|IX|A|L|E|F|T|T1]O0O
NI IR M|I  X|U|Z|D|L
T|Z| E|S|P/O/K|E|D

Exercise 5. Complete the text with the Past Simple Active form of
the verbs in the box.

| study, publish, produce, build, use, provide, design, change |

Isaac Newton is probably the most important scientist in history. His
work on mathematics and physics  a basis for modern science, and
his ideas the world. Newton his work in two books, Opticks
and Principia. These contain his laws of motion and gravity. He
these laws to predict the movements of the stars and the planets around
the Sun. He also  and __ the world’s first reflecting telescope.
Newton _ at Trinity College, Cambridge. From 1664 to 1696, he
_____most of his important work.

Exercise 6. Use the prompts below to make questions using
Present Simple or Past Simple (Active).

Example: — Tin melts at 230 °C. And stainless steel?
—  Does stainless steel melt at 230°C?
—  No, it melts at 1400°C.
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1. — Pure iron corrodes easily. And aluminium? — ? — No, alu-
minium has a protective layer of aluminium oxide.

2. — Non-ferrous metals have some similar properties. And ferrous
metals? — ? — Yes, they have similar properties too.

3. — The use of copper started in 5,000 BC. And iron? — 7 —
No, iron production started in around 1,200 BC.

4. — Direct current flows in one direction. And alternating current?
— _ 7—No, it regularly reverses direction.

5. — Electricians use a screwdriver and pliers. And mechanics? —
__?7—Yes, they do.

6. — Marie Curie made important scientific discoveries. And Mi-
chael Faraday? - ?

— Yes, he discovered electromagnetic induction.

7. — Iron reacts with oxygen. And gold? — 7 — No, gold does

not react with oxygen.

Exercise 7. Disagree with the following statements.

Example: 4 static charge moves. — I don’t agree. A static charge
doesn’t move.

1.  Michael Faraday designed and built the world’s first reflecting
telescope.

2. We will run out of fossil fuels soon.

3. In North America, electrical power lines operate at a frequency
of 50 hertz.

4. Direct current changes the direction in which it flows very quickly.

5. Newton used the laws of motion and gravity to predict electro-
magnetic induction.

6. An asteroid will probably hit the Earth in the next hundred years.

7. Nuclear power plants use wind and biomass as fuel.

8. Newton studied at Oxford.

Exercise 8. Replace the active form of the verb in each sentence
with the passive form.

1. People use the Internet all over the world.
2. Ina few minutes my colleague will ask you some questions.
3. Students take tests at the end of every course.
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4. Thomas Edison invented the electric bulb in 1879.

5. Step-up transformers raise the voltage.

6. In the next few weeks the technicians will install a new security
system in all our offices.

7. Mr. Jones is ill, so he won’t give us a physics test today.

8. The Royal Swedish Academy of Sciences awarded the Nobel
prize in Physics in 2017 for the observation of gravitational waves.

9. Albert Einstein predicted the gravitational waves a hundred
years ago.

Exercise 9. Read the text and define all the subject, verb and ob-
ject structures. Then rewrite the text using Present Simple Passive verbs.

Power plants generate most of the world’s electric power. Steam turbine
generators use the most common fossil fuels. A power plant generates
electricity when a loop of conducting wire rotates in a magnetic field.
Burning coal or gas produces hot steam, causing a turbine to spin. The
spinning motion drives the generating coils within a magnetic field to
produce electricity. New gas turbine generators burn natural gas directly
in the turbine system. This reduces heat loss and increases the efficiency
of the fossil fuels.

Exercise 10. Answer the questions using passive form of the verbs
below and by. If you need help, some of the answers are given below.

| manufacture, protect, discover, convert, heat, form, provide |

Example: Who was the inventor of the light bulb? The light bulb was
invented by Thomas Edison.

Which metal protects stainless steel from rust?

How many metals form bronze?

Which company was the manufacturer of the first PC?

What type of metals provide magnetic properties?

Who was the discoverer of the theory of relativity?

Which machine converts mechanical energy into electrical energy?

AN e

| IBM, chromium, generator, Albert Einstein, two (copper and tin), ferrous |
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Exercise 11. Complete the text with the Past Simple Active or
Passive form of the verbs in brackets.

In the year 1821a British scientist Michael Faraday  (explain) the
conversion of electrical energy into mechanical energy by placing a current
carrying conductor in a magnetic field which __ (result) in the rotation
of the conductor due to torque  (produce) by the mutual action
of electric current and field. Based on his principal the most primitive
of machines a DC machine __ (design) by another British scien-
tist William Sturgeon in the year 1832. But his model  (be) very
expensive and __ (not / use) for any practical purpose. Later in the year
1886 the first electric motor ___ (invent) by scientist Frank Julian Sprague.
That _ (be) capable of rotating at a constant speed under a varied
range of load, and thus __ (derive) motoring action.

Exercise 12. Translate he following sentences into English.

1. DOnexkrpocTaHIMK BHIPAOATHIBAIOT JIEKTPOIHEPTHIO MyTEM C3KH-
TaHWs TOTUTUBHBIX HMCKOIMAEMBIX, MCIIOIH30BAHNS BO30OHOBISEMBIX HC-
TOYHHMKOB U MOJACPKUBAs paclienIeHUe aapa.

2. — TpancdopMaTOpbl HOHMKAIOT UM MOBBIMIAIOT HAMPsKEHUE? —
CyIiecTBYIOT U TOHIKAIOIINE U TIOBBIMIAIOIIIE TPaHC(HOPMATOPHI.

3. CoBpeMeHHbIE CBETOAMOAHBIE JIAMITBI OOECIIEYMBAIOT HHU3KYIO
NOTPeOIIAEMYIO MOIITHOCTE M OOJIBIION CPOK CITY>KOBI.

4. DNeKTpUYeCKUd TOK CO3JaeTCs MOTOKOM OTPHUIATENLHO 3apshKeH-
HBIX 3JIEKTPOHOB, HE TaK JIN?

5. Tpanchopmaropsl He TEHEPUPYIOT HEPTHIO, OHU TPEOOpasyroT
CHITy TOKA WM HATPSKSHHS IO HY>KHBIX 1apaMETPOB.

6. B 1826 roay memenkuii ¢pu3uk ['eopr OM OTKPBLT 3aKOH, BBIpa-
JKAFOIIUH CBSA3b MEKAY CHJIOH TOKa, HANpPsDKEHHEM M COMPOTHBIICHUEM,
U3BECTHBIN Kak 3akoH OMa.

7. — Kakas egununa usMmepeHus 3apsga? — S aymaro, 4to 3apsij
u3MepsieTcs B KyJIOHaX.
8. —TI'me ucnone3yercs cratudeckoe ekTpuuecTBo? — Hackonbko

sl 3HaI0, CTATUYECKOE AIIEKTPUYECTBO UIUPOKO HCIOIB3YETCS B KCEPOKO-
MTHPOBAHUH.

9. — Bospacter nu norpebiieHHE TOIUIMBHBIX HCKOIAEMBIX Uepe3
HECKOJbKO aecsatunetuii? — S tak He nymaro. BepostHO, uckomaemoe
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TOILUTUBO OyAeT 3aMEHEHO BO300HOBISEMBIMH HCTOYHWKAMH JHEPTUH
B HEKOTOPBIX OTPaCIIAX.

10. Ha moacraHIuy HampspKEHUE TOHMKASTCS TOCPECTBOM TpaHC-
¢bopMaTOpOB 10 YpPOBHEW, MOAXOISANIMX JJS paclpeAclieHHs IMoTpe-
OUTENISIM.

11. 3emns mMeeT OTPpOMHOE MArHUTHOE IIOJIe, T.K. SIAPO HAIIeH
IJTAHETHI 3aM0THEHO PACILIABIICHHBIM KEJIe30M.

12. OpHOUMEHHBIE 3apsiAbl OTTAIKHUBAIOTCS, HE TaK JIU?

SPEAKING
Exercise 1. Discuss the following questions with your partner.

1. —what type of current / desktop / makes / run / your / computer?
— I think, it’s ... because ...

2. —what type of current / work / smartphone / makes / your? — I'm
sure, it’s ... because ...

3. —electrons /used / or protons / are / in electric currents? — Actu-
ally, these are ... because ...

4. —repel / do / charged / positively / particles / negatively / parti-
cles / charged? — As [ know, ... because ...

5. — a copper wire / conductor / or glass / is / of electricity / the
best? — No doubt, it’s ... because ...
6. —do you happen to know / used / energy / to make / sources / are

/ electricity / in Belarus / what? — I suppose, these are ... because ...

7. —do you have any idea / Thomas Edison and Nikola Tesla / what
/ famous for / are? — As far as I know, ...

8. — have / ever / you / a shock / felt / when you touched / after
walking / an object /across a carpet? — Yes, I really have. — Can you tell
me why this happens? — You know ...

Exercise 2. Work in small groups. Describe the process of power
supply using the information from the text “Electricity”. Group A is
using Present Simple Active. Group B is using Present Simple
Passive.
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Power Plant High Voltage Power Lines
Distribution Power Lines

- = -

L

Transformer Substation Transformer Consumers

Generation Transmission Distribution

Fig. 1. Electric power system
UNIT 3
ELECTRIC CURRENT
SWITCH ON

Exercise 1. Read the joke below. What is the idea of the joke?
What phenomenon is described there? Use the prompts below.

Useful language: dangers of electric current, to get electric shock,
to be exposed to, to contact the source of electricity

Last Request
A criminal, sitting in the electric chair, was about to be executed. "Do
you have any last requests?" asked the chaplain. "Yes," replied the crim-
inal. "Will you hold my hand?"

VOCABULARY & READING

Exercise 1. Study the words and word combinations in bold from
the text “Electric Current” and write them down into your personal
vocabularies.

Exercise 2. Match the words having a similar meaning. Check
any unknown words in a dictionary.

1. To provide a. To repel
2. Cell b. To store
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3. Supply c. Toreverse

4. To convert d. Element

5.  To push away e. Speed

6. To accumulate f. To give

7. Rate g. Provision

8. To alternate h. To transform

Exercise 3. Agree or disagree with the following statements. Then
read the text “Electric Current” and compare your answers with the
information given in the text.

Electric current is the rate at which electrical energy is transferred.
There are two main types of electric current.

Alternating current flows continuously in one direction.

An Ohm is a unit measure of the amount of current flow.

All materials can conduct electric current.

kW=

ELECTRIC CURRENT

Electric current is a movement of electric charges, usually the flow
of electrons along a conductor or the movement of ions through
an electrolyte. This is caused by freely moving particles usually charged
by a mains supply or battery. Current flows from a positive to a nega-
tive terminal, although electrons actually flow along a wire in the oppo-
site direction. The unit measure of the amount of current flow is the
ampere (amp).

Electric current can be either direct or alternating. Direct current
(DC) is a constant flow of electricity which travels in one direction. An
example of pure DC is the current produced by an electrochemical cell.
Another source of DC is the photovoltaic or solar cell. In these devices
photonic energy from sunlight is absorbed by electrons and converted
into electrical energy.

The electricity supplied to homes and other buildings is alternating
current (AC). In alternating current the flow of charge carriers reverses
direction periodically. The rate at which the current alternates is called
the frequency and is measured in hertz (Hz).

In order for electric current to flow, two conditions must be met.
First, a potential difference must exist between two points. The term
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potential difference means that the force created by a group of electrons
in one place is greater than the force of electrons in some other place.
The greater force pushes electrons away from the first place toward the
second one.

Potential differences usually do not occur in nature. There are certain
kinds of devices which can accumulate electrons, producing a potential
difference. A battery, for example, is a device for producing large mass-
es of electrons at one electrode (a point from which electric current is
sent or received) and a deficiency of electrons at the other electrode.
This difference accounts for the battery's ability to generate a potential
difference, or voltage.

Second, for electric current to flow there must be a path along which
electrons can travel. Some materials are able to provide such a path, and
others are not (conductors and insulators respectively). The conductivity
of materials is a natural property based on their resistance to the
movement of electrons.

Exercise 4. Make up 5 definitions using the table below. Add the
necessary words or prepositions.

Example: Current is a movement of electric charges.

electric charge

Ampere the rate at which in one direction
Frequency the property of between
materials two points
Direct current the difference in to conduct

electric current

Potential a flow of the amount of
difference electricity current flow
Conductivity a unit measure the current
alternates

Exercise 5. Arrange the words in the following scrambled ques-
tions and answer them.

1. Flows / terminal / a positive / to / current / a negative / from /
doesn’t it?
2. The sources / of / are / direct / what / current?
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Kind / supplied / current / of / what / to homes / is?

Current / reverse / direction / its / does / periodically / alternating?
What / the rate / at / which / is / called / current / alternates?
Electric / to flow / the conditions / what / are / for / current?
Does / mean / the term / difference / potential / what?

A battery / used / for / what / is?

The difference / conductors / is / what / between / and / insulators?

0N L AW

Exercise 6. Complete the sentences with the words in the box.
You may have to change some words slightly.

provide, resistance, a path, convert, electric current, frequency,
accumulate, alternating current, solar, property

I. When we speak of | we mean the more controlled
form of electricity from generators, batteries, or fuel cells.

2. The number of complete  cycles per second is the
which is measured in hertz.

3. Anelectric charge that  on an object when it is rubbed
against another object is called static electricity.

4. Conductivity is the ____to transmit electricity or heat.

5. They will be able to _ heat into electricity, so anything that
heats up will become an energy source.

6. Insulatorscannot  for electric current to flow.

7. Materials that present high  and restrict the flow of electrons

are called insulators.

Exercise 7. Read the groups of derivatives and translate them
into Russian.

1) to alternate, alternating, alternator;

2) to convert, conversion, convertible;

3) charge, to recharge, chargeable;

4) to differ, difference, different;

5) to accumulate, accumulation, accumulator;
6) to resist, resistant, resistance;

7) frequency, frequent, infrequent;

8) electrical, electricity, to electrify.
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Exercise 8. Complete the text with the words from exercise 7. You
may have to change some words slightly.

An electric current is a movement of . Direct current is a flow of
____in one direction. Current that flows back and forth is called
current. Electric current flows easily in the substances called conductors.
Materials that  the flow of current are called insulators. A good
insulator has a very high . When __ energy is needed, batteries
and fuel cells are one way to produce it. A fuel cell energy
produced by a chemical reaction directly into usable power. If a storage
battery no longer produces energy, it canbe .

Exercise 9. Study the words and word combinations in bold from
the text “Electric Circuits” and write them down into your personal
vocabularies.

Exercise 10. Match the words having a similar meaning. Check
any unknown words in a dictionary.

1. Appliance a. Fault

2. To confine b. Damage

3. Malfunction c. Machinery
4. A4njury d. Device

5. To fail e. To limit

6. Equipment f. Way

7. Path g. To go wrong

Exercise 11. Scan the text “Electric Circuits” and answer the
questions.

What is an electric circuit?

What components does a complete electric circuit consist of?
What are the basic types of electric circuits?

In what way can an electric circuit be protected?

el S

ELECTRIC CIRCUITS

The path followed by an electric current is known as an electric cir-
cuit. The simplest electric circuit contains only three parts, i.e. one load,

32



one voltage source, and conductors. Most complete electric circuits con-
tain six parts: 1. an energy source to provide the voltage 2. conductors
through which the current can travel, 3. insulators to confine the current
to the desired paths, 4. a load to control the amount of current and con-
vert the electric energy taken from the energy source 5. a control device,
often a switch, to start and stop the flow of current and 6. a protection
device to break the circuit in case of a circuit malfunction.

Basic types of circuits are a series circuit and a parallel circuit. The
series circuit offers a single, continuous path for current flow from the
negative side of the electromotive force source to the positive one. Dif-
ferent electrical devices like flashlights, doorbells are connected by wires
that give only one path to follow.

In a parallel circuit, for example, two or more appliances are placed
parallel to each other so that the current has more than one path through
which it can flow. If one burns out, the current will flow through the other
appliances in a circuit. Household appliances are connected by parallel
circuits so that the whole circuit does not fail if one piece of electrical
equipment burns out.

Electric circuits have to be protected. If there are too many electrical
devices, the conducting wire may overheat and cause fire or serious
injuries. To prevent this, fuses, through which all the current in the cir-
cuits passes, are built into the circuits. A fuse is an intentionally weak-
ened element that opens the circuit automatically if it is overloaded.
It has a wire with a low melting point and when the fuse heats up, the
wire melts and the circuit is broken.

Exercise 12. Mark the sentences as true or false. Correct those
which are not right.

1. The required components of a simple circuit include only wires,
bulbs and switches.

2. Conductors confine the current to the desired circuits.

3. The series circuit offers more than one path through which the
current can travel.

4. Most household appliances are connected by series circuits.

5. If any of the appliances in a parallel circuit fails, current still
continues to flow through the other appliances in a circuit.
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6. To prevent fire or other serious injuries, switches are built into
the circuits.

Exercise 13. Make up the word combinations from columns A
and B and find their equivalents in C.

A B C

1. Electromotive point OBITOBBIE TPHOOPHI
2. Serious circuit YCTPOMCTBO 3aIIUTHI
3. Melting source CephE3HBIE TPABMBI
4. Circuit force TOYKA TUIABJICHUS

5. Voltage malfunction INEKTPOABIKYIIAs CHIIA
6. Household device IocJieqoBaTeIbHas [ENb
7. Protection appliances HMCTOYHHK HAMPSHKEHUS
8. Series injuries HEUCIPABHOCTD IENH

Exercise 14. Complete the sentences using information from the
text “Electric Circuits”.

1. A small wire or device inside a piece of electrical equipment that
breaks and stops current if the flow of electricity is too strongisa .

2. A complete path through which electric current flowsisa .

3. A circuit in which all parts are connected in succession in order
to provide a single path for current is knownas

4. Household appliances are connected by circuits.

5. A manual or mechanically actuated device for making, breaking,
or changing the connections in an electric circuit is a

6. A substance through which electric charges can easily flow is
called a

7. A fuse has a wire with a very low .

GRAMMAR
PROGRESSIVE TENSE FORMS

The Present Progressive is used to describe:
1. An activity at or around the time of speaking.
At present we are using this system software.
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2. A fixed future plan.

Next week we are buying new equipment.
Time words with the Present Progressive: now, right now, at the moment,

currently, nowadays etc.

Positive Negative Questions
Iam/ hfe is / I am not/ he is Is he / Are they
Present they are inves- | not/ they are not | . I
. AP . . 7 investigating
Progressive tigating the investigating the .
. : . the properties of
Active properties of properties of
superconductors?
superconductors. | superconductors.
Present This material is / | This material is | Is this material /
P . these materials | not/these mate- | Are these mate-
rogressive L . . . S
Passive are being inves- | rials are not being | rials being inves-
tigated / sold. | investigated / sold. | tigated / sold?

The Past Progressive is used to describe:
1. An activity at a definite time in the past (at 4 pm yesterday, from
3 to 5 yesterday, the whole day yesterday).

He was writing a report at 5 pm yesterday.
2. An activity which is a time frame for another activity.

While we were carrying out the experiment the other team was record-

ing the results.

Positive Negative Questions
He was /they | He was not/they | Was he / Were
Past were investiga- | were not investiga-| they investiga-
Progressive | ting the proper- | ting the properties | ting the properties
Active ties of supercon- | of superconduc- | of superconduc-
ductors. tors. tors?
This material | This material was | Was this mate-
Past was / these ma- | not / these materi- | rial / Were these
Progressive | terials were be- |als were not being | materials being
Passive ing investigated /| investigated / investigated /
sold. sold. sold?

The Future Progressive is used to describe:

1. An activity at a definite time in the future (at 4pm tomorrow, from

3 to 5 tomorrow, the whole day tomorrow). We will be discussing mul-
timedia development at 3 o ’clock seminar tomorrow.
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Positive Negative Questions

He / they willbe | 1¢/ they Will ) \uuy 1o/ they be

Future . s not (won’t) be |, s
. investigating the | . S investigating the

Progressive . investigating the .

. properties of . properties of
Active properties of
superconductors. superconductors?
superconductors.

Exercise 1. Say what your groupmates and you are (are not)

doing now.
Example:
1. 1/ to test a new device. I am not testing a new device

right now.

2. The teacher / to explain a The teacher is_explaining a

grammar rule. grammar rule now.

3. They / to repair an electrical They are not repairing an elec-
device. trical device now.

1.  We/to have an English class now.

2. 1/to study the properties of alloys at the moment.

3. My groupmates / to practice a grammar rule now.

4. They /to carry out the experiment right now.

5. He/to observe the indications of a voltmeter at the moment.
6. We/ to sit in the classroom now.

7. The students / to listen to their groupmates at the moment.

8. My neighbor / to measure the value of the current now.

9. 1/to perform calculations right now.

Exercise 2. Rewrite the sentences using the Past and Future Pro-

gressive (Active) and appropriate time words.
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Example: The students are measuring electrical units NOW.

The students Were measuring electrical units at 3 p.m. yesterday.

The students will be measuring electrical units at 5 p.m. tomorrow.
1. The ammeter is indicating + 2 amperes now.

2. We are testing the electromagnetic properties of iron at the moment.



The researchers are discussing the results of their investigations now.
The battery is producing DC electricity at the moment.

I am studying the work of a switching device now.

My roommate is replacing a burnt bulb now.

S

Exercise 3. Think of the questions using the following sentences.
Mind the word order.

1. They were still looking through the results of our experiments at
5 o’clock yesterday. (When, What)

2. The generator is converting mechanical energy into electrical
energy right now. (General question, What)

3. The Professor will be delivering a lecture on electrical units this
time next week. (General question, Who, When)

4. The electrician was repairing a circuit malfunction from 5 till 6
p.m. yesterday. (Who, What)

5. The experiment with electric current is being conducted in the
lab at the moment. (General question, What kind, Where)

6. The conductive properties of copper were being tested by my
groupmates the whole laboratory practical yesterday. (General question,
What properties, When)

Exercise 4. Choose the right tense forms of the verbs (Active or
Passive) in the following sentences.

1. The new properties of engineering materials are discussing / are
being discussed now.

2. While electrical wiring was being tested / was testing the electri-
cian found a circuit malfunction.

3. At the moment the lecturer is demonstrating / is being demon-
strated interesting data obtained during his experiments.

4.  The transformer is increasing / is being increased the voltage now.

5. We were taking / were being taken our exam in Physics at
that time.

6. The assistant is being created / is creating a magnetic field
right now.

7.  Great changes are being taken / are taking place in the field of
electronics nowadays.
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8. The quantities we need for our work are discussing / are being
discussed now.

9. The voltmeter was connecting / was being connected to the cir-
cuit when I entered the lab.

Exercise 5. Use one of the given verbs below to fill each gap.
Put the verbs in the right tense form (Present, Past or Future Pro-
gressive Active).

to write, to make, to study, to connect, to use, to control,
to observe, to become

1. The engineer the quality of engineering materials the whole
day yesterday.
2. The students the properties of conductors at the moment.

3. The professor a report on the latest achievements in the
field of electricity from 10 till 11 a.m. tomorrow.

4. Look! You  faulty electrical devices in your work.

5. 1 ___ my coursework when suddenly the light went off.

6. Nowadays hybrid cars  very popular.

7. 1 __ the indications of electrical devices in the lab at 4 p.m.
tomorrow.

8. Now the electrician _ the appliances by parallel circuits.

Exercise 6. Rewrite the following sentences using the Passive
Voice forms.

1. They are still considering the engineer’s project.

2. Were they setting up the laboratory equipment the whole day
yesterday?

3. They are increasingly using these materials in electronics.

4. The engineers were carrying out the tests while the assistants
were recording the results.

5. Nowadays many car manufactures are producing electric cars.

6. The students are completing another series of experiments now.

7.  Were maintenance technicians repairing the equipment from 9 to
11 a.m. yesterday?
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Exercise 7. Correct mistakes in the following sentences. Mind the
use of Progressive tense forms.

1. The students are completing the chemical reaction when the
teacher came.

2. She was doing research on the properties of this group of alloys now.

3. The samples of this substance are using in the test now.

4. A few students was carrying out some experiments with electri-
cal devices while the assistant were helping them.

5. What you will be doing at 10 a.m. tomorrow? I will probably
working in the lab.

6. The engineer is checking the battery at 3 p.m. yesterday.

7. The students are being measuring electrical units now.

8. Were they set up the laboratory equipment all day yesterday?

Exercise 8. Complete the sentences with the correct Progressive
tense forms (Active or Passive) of the verbs in brackets.

1. What you (to do) at 9 a.m. tomorrow? — I (to service) electricity
meters on customer’s property.

2. We (to speak) about the types of electric circuits at 10 o’clock
seminar yesterday.

3. The potential difference between two points in a circuit (to
measure) by the students now.

4. While we (to have) a fire drill, our colleagues (to learn) first aid.

5. These technologies (to use) in a wide range of micro devices
nowadays.

6. At the moment a wind turbine (to generate) about 800 kW.

7. To meet the customer’s requirements the manufactures (to make)
a number of improvements in the current model of the electric motor.

8. While the generator (to run), mechanical energy (to convert) into
electrical energy.

9. You (not to follow) the safety instructions properly. You may
get electric shock.

10. They still (to discuss) the advantages of that technology at 8 p.m.
yesterday.

11. Look! He (not to wear) a helmet. He may hurt his head.
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12. We (to answer) the teacher’s questions when the dean of the
faculty came in.

Exercise 9. Translate the following sentences into English.

1. — Kakue ycnoBusi CymiecTBYIOT AJIsl MPOTEKAHUS IIIEKTPHIECKO-
ro Toka? — Bo-mepBeIX, MeXAy NBYMs TOYKAMHU IMPOBOJHHUKA JOKHA
CYIIECTBOBAaTh PAa3HOCTh MOTEHIMATIOB. BO-BTOPHIX, HEOOXOIWM ITyTh
JUISL IBYDKCHHSI DJICKTPOHOB.

2. — TwI ciyqaifHo He 3Haennb, uto [laBen yeptut Ha qocke? — Ecian
s HE OIIMOAIOCh, OH YEPTUT MPOCTEUIIYIO0 JCKTPUUYECKYIO IIeTb, KOTO-
pasi COCTOUT U3 UCTOYHUKA, HATPY3KH U TIPOBOTHUKOB.

3. — Pa3Be THl HE MOMHHINL OCHOBHBIC WCTOYHHUKU TTOCTOSHHOTO
Toka? MbI ux 0oOCyXIalu Ha MPOILION JIEKIUU. DTO SICKTPOXUMUYE-
ckre 6arapen, a Takke POTOIEKTPUUECKUE HITH COTHEUHBIE SJIEMEHTHI.

4. B mociemoBaTeIbHOW AJIEKTPUUCCKON I TOK UMEET TOJIBKO
OJIVH IMyTh MPOTEKAHUS, TOITOMY HEJOCTATKOM TAaKOT'O COCIUHEHUS SIB-
JII€TCS TO, UTO, €CIU XOTh OAUH 3JEMEHT BBIMAET U3 CTPOsl, TOK MpoIa-
JIeT BO BCEHl LIenH.

5. — Uro THI nenan Buepa Bech Beuep? — S roTOBUICS K DK3aMEHY
mo ¢usmke. I TMOBTOPSIT OCHOBHBIE TMOHSTHUS W €IUHHIBI M3MEPEHUS
AIEKTPUYECTBA, & TAK)KE BHUIIBI DJIEKTPUUECKOTO TOKA W AIEKTPHUIECKUX
LEeIen.

6. — BmI Bce eme Oynere uM3yyaTbh TEXHHYECKYIO TOKYMEHTALHIO,
Korzma Mbl BepHeMcsa? —  Jla, KOHEYHO, MBI Takke OylleM COCTaBISAThH
WHCTPYKITHH 110 TEXHUKE 0€301MacHOCTH.

7. — Ilouemy ObITOBBIE PUOOPHI B KBApTHPE HEOOXOAMMO COEIH-
HATH MapaienbHo? — Hackonbko s 3Haro, 310 Oosee 3QPEeKTUBHO, MO-
CKOJIBKY, €CJI OJIMH W3 MPUOOPOB MEPETOPUT, BCE OCTAIBHBIE MPOJIOI-
JKaT CBOIO paboTy.

8. —TI'me MBan? — OH ycTaHAaBIMBAET MPEJOXPAHUTEND B DIEKTPH-
YECKYI0 IeMb. JTO BaXKHOE YCTPOHCTBO, KOTOPOE CIYKUT IJISI 3aIlUTHI
IIENN OT MOBPEXKICHUN U BO3TOPAHUSI.

9. ObopynoBanue paboTano Tak IIyMHO, YTO S HE MOT YCJIBIIIATh,
YTO FOBOPUJI [JIABHBIA UHXKEHED.

10. Buepa B 8 gacoB Beuepa OHH Bce emie 00CYKIamu HEIOCTATKH
Y TIPEUMYIIECTBA HOBOT'O MIPOEKTA.

40



11. B nmaHHBI MOMEHT TpenojaBaTellb OOBACHSIET CTYIACHTaM, YeM
MMePEMEHHBIA TOK OTIMYIACTCS OT TTOCTOSTHHOTO.

12. B To Bpems kak AHHa Jejaja Mpe3eHTAlHI0 Ha KOH(EepeHIUH,
elf 3a1aBajii MHOTO BOIIPOCOB.

SPEAKING

Exercise 1. Work in pairs. Imagine that you are taking your exam
in Physics. Your examination card says:

— Electric current, its definition and types.

— A potential difference.

— The components of electric circuits.

— The difference between a series circuit and a parallel circuit.
— The protection of electric circuits.

Your partner is your examiner. Try to answer his questions.
You may start like this: — Well, what is electric current?

— As farasIknow,itis ...

Exercise 2. Work in pairs. Create a quiz on the topic “Electric
Circuits” and check your partner’s knowledge.

Exercise 3. Split into 3 groups and get ready to speak on one of
the issues given below.

1.  Electric current and its types.

2. The conditions for electric current to flow.
3. Electric circuits and their type.
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UNIT 4
CONDUCTORS AND INSULATORS

SWITCH ON
Exercise 1. Are the materials listed below good conductors of
electricity or electric insulators? Use your general knowledge and

complete the table.

Silk, oil, iron, plastic, wood, silver, copper, glass, paper, nickel,
rubber, porcelain, gold, air, mercury, wool, aluminum, saltwater

Common conductors Common insulators

Exercise 2. Match the words with their definitions.

1) aconductor a) a substance that resists electricity

2) an insulator b) a substance that is neither a good
conductor of electricity nor a good insulator

3) asemiconductor ¢) a material which has no resistance
to electricity

4) asuperconductor d) a substance that allows electricity or

heat to pass through it
VOCABULARY & READING
Exercise 1. Study the words and word combinations in bold from
the text “Conductors and Insulators” and write them down into

your personal vocabularies.

Exercise 2. Match the words having a similar meaning. Check
any unknown words in a dictionary.

1. To increase a. Sealed

2. leakage b. Transfer

3. To inhibit c. Torise

4. Transmission d. Destruction
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5. Influence e. Escape
6. Waterproof f. To prevent
7. Breakdown g. Impact

Exercise 3. Scan the text and mark the issues discussed there.

Basic notions of electricity.
Conduction and insulation.

Electric insulators.

The types of electric current.

The properties of a good dielectric.
Gases as conductors of electricity.
The components of electric circuits.

Nk W=

CONDUCTORS AND INSULATORS

In the case of electricity, conduction is a transfer of electricity
through a substance, resulting from an electromotive force or potential
difference. In solids, electric current consists of a flow of electrons, so,
metals, which have a high free-clectron density, are good conductors of
electricity. Metals allow electrical charges to move easily. While nonmetals,
such as rubber or glass, have few free electrons and are poor conductors.
These materials may be used as electrical insulators, or dielectrics.

The rate of the electric current is proportional to the potential difference
and to the electrical conductivity of the substance, which in turn depends
on the nature of the substance, its cross-sectional area, and its tempera-
ture. A material that is a good conductor gives very little resistance to
the flow of charge. Increasing the cross-sectional area, or thickness of a
given conductor will increase the current because more electrons will be
available for conduction. Increasing the temperature will inhibit conduc-
tion in a metal because the increased thermal motions of the electrons
will tend to interfere with their regular flow in an electric current. In a
nonmetal, however, an increase in temperature improves conduction be-
cause it frees more electrons.

In liquids and gases, current consists not only in the flow of electrons
but also in that of ions. Highly ionized water solutions of acids, alkalis
and salts are good conductors. Gases at high temperatures tend to be-
come ionized and thus become good conductors, although at ordinary
temperatures they tend to be poor conductors.
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Insulation is the use of materials or devices to inhibit or prevent the
conduction of electricity. Dry air is a good insulator, so that conductors
used for electric-power transmission require insulating material only at
their points of contact with the supporting steel structures to prevent es-
cape, or leakage, of the current.

Since wet materials can become conductors, insulation must often be
waterproof. Ordinary household wires are commonly insulated by a thin
rubber or plastic coating. Plastic insulation around electric wires stops
people from touching the conductor and — if it is live (carrying current) —
from getting a dangerous electric shock.

Depending upon the application, the insulating material must be re-
sistant to various types of corrosion resulting from exposure to saltwa-
ter, oils, or other influences. A good dielectric should also have other
properties: it must resist breakdown under high voltages; it should not
itself draw power from the circuit; it must have reasonable physical
stability; and none of its characteristics should vary much over a wide
temperature range.

Exercise 4. Complete the following sentences using information
from the text “Conductors and Insulators”.

1. Conduction results from

2. Electrical conductivity of the substance depends on .

3. A material which gives very little resistance to the flow of
chargeis .

4. Nonmetals are

5. Gases at high temperatures tend to become .

6. Dryairis .

7. Plastic insulation around electric wires stops people from getting

8. A good dielectric must resist .

Exercise 5. Think of the questions to the following answers using
information from the text “Conductors and Insulators”.

1. Itis a transfer of electricity through a substance. (What?)
2. They are poor conductors because they have few free electrons.

(Why?)
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3. It is a material which gives very little resistance to the flow of
charge. (What?)

4. Yes, they are. Water solutions of acids, alkalis and salts are good
conductors. (Are?)

5. It is the use of materials to prevent the conduction of electricity.
(What?)

6. It must be waterproof because wet materials can become con-
ductors. (Why?)

7. They are commonly insulated by a thin rubber or plastic coating.
(What?)

Exercise 6. Complete the sentences with the necessary preposi-
tions below.

| with, from, to (3), through, at, in, of, on (upon) |

1. A magnetic field results  the flow of current  the wires
or electrical devices and increases _ strength as the current increases.

2. There are several factors which interfere  the resistance of a
conductor.

3. This loss is proportional __ the length the wire.

4. Resistance also depends  temperature, usually increasing as
the temperature increases.

5. Insulators have very high resistance  the movement of elec-
tric current.

6. Some people are concerned that daily exposure _ electric and
magnetic fields may cause health problems.

7. A real gas behaves closely to ideal behavior  high tempera-

tures and low pressures.

Exercise 7. Unjumble the letters to make the words in bold from
the text.

1. Styined 5. Lialka

2. Eealkga 6. Tgincoa

3. Pxeoeurs 7. Idca

4. Utniosol 8. Ertwaroopf
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Exercise 8. Match the words that go together in the text “Con-
ductors and Insulators” and translate the word combinations into
your language.

1. Cross-sectional a. Electrons
2. Free b. Material
3. Liquid c. Area

4. Insulating d. Conductor
5. Poor e. Solution
6. Electric f. Coating

7. Plastic g. Density

8. High h. Range

9. Temperature i. Wires

Exercise 9. Choose the correct word below.

1. A household wire has a (coating / a cross-sectional area) that
prevents people from getting an electric shock.

2. Check for voltage (thickness / leakage) from every possible source.

3. The electrician warned us about the (dead / live) electric cables.

4.  The containers are cleaned with a weak (decision / solution) of soda.

5. Small holes can sometimes be filled with quick-drying (wind-
proof / waterproof) glue.

6. The danger of electric shock (decreases / increases) in wet at-
mosphere.

7. Dielectrics are substances that (allow / inhibit) electric current to
flow through them.

8.  The insulating material must be resistant to various types of cor-
rosion (resulting in / resulting from) exposure to saltwater, oils, or other
(influences / insulators).

Exercise 10. Study the words and word combinations in bold
from the text “Semiconductors and Superconductors” and write
them down into your personal vocabularies.

Exercise 11. Match the words having a similar meaning. Check
any unknown words in a dictionary.

1. Movement a. Toreach
2. Perpetual b. Including

46



3. To approach c. To increase
4. To identify d. Motion

5. Impurity e. To display
6. To enhance f.  Timeless

7. Incorporation g. To establish
8. To exhibit h. Admixture

Exercise 12. Scan the text “Semiconductors and Superconduc-
tors” and answer the questions.

What is a semiconductor?

What are the types of semiconductors?
What are dopants and doping?

What is superconductivity?

What is absolute zero?

Nk e

SEMICONDUCTORS AND SUPERCONDUCTORS

A semiconductor is a solid material whose electrical conductivity at
room temperature is between that of a conductor and that of an insulator.
At high temperatures its conductivity approaches that of a metal, and at
low temperatures it acts as an insulator. In a semiconductor there is a
limited movement of electrons, depending upon the crystal structure of
the material used. The substances first used for semiconductors were the
elements like germanium, silicon, and gray tin.

It was found that the incorporation of certain impurities in them
enhances their conductive properties. The impurities either add free
electrons or create holes (electron deficiencies) in the crystal structures
of the host substances by attracting electrons. Thus, there are two types
of semiconductors: the N-type (negative), in which the current carriers
(electrons) are negative, and the P-type (positive), in which the positively
charged holes move and carry the current.

The process of adding these impurities is called doping; the impuri-
ties themselves are called dopants. Certain chemical compounds, in-
cluding gallium arsenide, indium antimonide, and aluminum phosphide
are semiconductors. Semiconductors are used to produce such electronic
devices as diodes, transistors, and computer memory devices.
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Superconductivity is abnormally high electrical conductivity of cer-
tain substances when they are cooled below a certain temperature. This
temperature, called the critical transition temperature, varies for different
materials but generally is near absolute zero. Absolute zero is the tem-
perature at which a thermodynamic system has the lowest energy. It cor-
responds to 0 K on the Kelvin scale and — 273.15 degrees Celsius on the
Celsius scale. Classic superconductivity is displayed by some metals,
including zinc, magnesium, lead, aluminum, mercury, and cadmium.
The phenomenon of superconductivity was discovered in 1911. Since
then a lot of high-temperature superconductors that exhibit lossless elec-
trical flow at temperatures up to nearly 140°K have been identified.

An interesting aspect of this phenomenon is the continued flow of
current in a superconducting circuit after the source of current is
switched off. This flow of current looks like the closest thing to perpetual
motion in nature. Scientists refer to superconductivity as a “macroscopic
quantum phenomenon”.

Exercise 13. Mark the sentences as true or false. Correct those
which are not right.

1. At high temperatures any semiconductor acts as an insulator.

2. The elements like silicon and germanium were first used for
superconductors.

3. The incorporation of impurities can affect the conductive proper-
ties of materials.

4. Two types of semiconductors are the N-type and the P-type.

5. When we add impurities to a semiconductor we call them dopings.

6. The phenomenon of superconductivity was discovered at the end
of the 19" century.

7. Substances become superconductors when their temperature is
near absolute zero.

8.  There are low-level and high-level superconductors.

9. If a source of current in a superconducting circuit is switched
off, the current ceases to flow.
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Exercise 14. Link the words in the columns to make true sentences
about semiconductors and superconductors.

1. In N-type semicon- exhibit diodes and
ductors transistors.
2. Semiconductors incorporating are negative.
impurities
3. Superconductors is displayed is called doping.
4. The process of the current high electrical
carriers conductivity.
5. At low temperatures are used to are semiconductors.
produce
6. Classic supercon- as aluminum acts as an insulator.
ductivity phosphide and
gallium arsenide
7. Such chemical a semiconductor by zinc, lead and
compounds mercury.

Exercise 15. Complete the sentences with the words in the box.
You may have to change some words slightly.

exhibit, diode, compound, dopant, switch off, doping, hole,
impurity, enhance, silicon

1. Pure water is a __ containing two elements — hydrogen and
oxygen.

2. The conductive properties of a material can be altered by incor-
poration of in the crystal structure.

3. When we add impurities to a semiconductor we call them
and the process itself is called

4. The addition of a substance in order to _ one property may
have unintended effects on other properties.

5. Superconductors ___ the unique ability to conduct current.

6. Switches will simultaneously = all unearthed conductors
within a circuit.

7. Most _ used in electronics are made of semiconductor mate-
rials suchas _ , germanium or selenium.
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8.

and electrons are the two types of charge carriers responsi-
ble for current in semiconductor materials.

Exercise 16. Find seventeen words related to electricity in the
puzzle. Read across, down, and diagonally.

C|Z |E [D|I |[O|D|E |UJ|L |[C|T
U[VIL|U|U|WJA |T|TJ|I |O]|R
RIOJE |G|H |X|I [I [R|G]|N]JA
RIL |[C|O]|I |[L |U|T|[R|H|D|N
E[(T|T |Z|I |[C|C|A|[Z [T |U]S
N|/A|IR|T|R|E|V|M|B|N|C|F
T|G]|I |T |[L|I |J |P|UJI |[T]O
WI|E |CIE |T|O|[X|[E |L |[NJO]J]R
S|IB|I [Y|J | HIXIR|B|G|[R|M
Z |[D|T | K|AM|P |E[R|A|G]|E
M|IK[Y |T [IN|IS|U|L AT |O]|R
GRAMMAR

PERFECT TENSE FORMS

We use the Present Perfect to talk about past events with a connec-
tion to the present (focus on the result but not on the time)
I have already fixed the printer fault (now I can print my report).

Time words with the Present Perfect: just, already, yet, never, ever,
this week, lately, recently, since, for.

found out yet.

Positive Negative Questions
They have just/ | They haven’t/he | Have they / Has
Present he has just hasn’t measured /| he measured /
Perfect | measured / risen |risen the tempera- | risen the tempera-
Active |the temperature of | ture of the sub- ture of the sub-
the substance. stance yet. stance?
The property has / The property Has the property /
Present . hasn’t / the proper- .
the properties have | . s Have the properties
Perfect . . ties haven’t been . .
Passive been investigated / investisated / been investigated /
found out recently. 5 found out?
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We use the Past Perfect to describe an activity that happened earlier
than another activity in the past or an action completed by a certain time
in the past. By the time we arrived they had already installed sofiware.

Time words with the Past Perfect: by, by the time, after, before, as
soon as and many of the time words used with the Present Perfect.

Positive Negative Questions
They had investi- They hadn’t Had they inves-
Past gated / found out | investigated / tigated / found
Perfect |the new properties |found out the new out the new
Active by the end of the | properties by the | properties by the
test. end of the test. end of the test?
The new proper- | The new properties .
Past ties had been hadn’t been Had Ehe prc.)per‘ues
. . . . been investigated /
Perfect investigated / investigated /
. found out by the
Passive | found out by the | found out by the end of the test?
end of the test. end of the test. ’

We use the Future Perfect to describe an action that will be com-
pleted by a certain time in the future. They will have reinstalled the ap-
plication by 5 pm tomorrow.

Time words with the Future Perfect: by next year, by tomorrow, by
the time, by 2040, after, before etc.

Positive Negative Questions
They will have They will not Will they have
Future investigated / (won’t) have in- investigated /
Perfect found out the new | vestigated / found | found out the new
Active properties by next out the new properties by next
month. properties. month?
T!1e propertics The properties Will the properties
Future will have been . y . .
. . will not (won’t) have been investi-
Perfect investigated / . .
. have been investi- | gated / found out
Passive found out by next
month gated / found out. by next month?
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Exercise 1. Give Participle II of the following verbs.

to learn to break to write to burn

to apply to be to set to become
to carry to find to conduct to make
to give to see to build to do

Exercise 2. Choose the right form of the verb.

1. The properties of superconductors have / has been investigated
by several groups of researchers lately.

2. Have / has you already carried out the calculations?

3. He have/ has worked at this problem for 2 years.

4. New types of sensors has / have been developed recently.

5. The students have / has already considered the chemical proper-
ties of metals.

6. The desirable properties of transistors have / has been improved
recently.

7. Thasn’t / haven’t understood the law of electromagnetic induc-
tion yet.

8. We has/ have never seen such an advanced production line.

9. Have/ has she obtained all the necessary data?

10. The course project has / have been written by final year students for
several months.

Exercise 3. Choose the correct form of the verb.

a. Present, Past or Future Perfect Active

1.  After the teacher has drawn / had drawn / will have drawn a se-
ries circuit, he started his explanation.

2. The students already had measured / will have been measured /
have measured the potential difference between two points in a circuit.

3. The engineers have been carried out / will have carried out / had
carried out all the necessary calculations before the experiment begins.

4. The scientists will have experimented / had experimented / have
been experimented with superconductors by that time.

5. Misha has prepared / will have prepared / had prepared the
report by next week.
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6. The electrician haven’t installed / hasn’t installed / won’t have
installed a fuse into the circuit yet.

7. Researchers have tried / have been tried / will have tried to dis-
cover the principles of electricity since 1600s.

b. Present, Past or Future Perfect Passive.

1. All the household appliances will have connected / had been
connected / have been connected by parallel circuits by 6 p.m. yesterday.

2. Fuses has been used / will have been used / have been used as
essential safety devices from the early days of electrical engineering.

3. After electricity has generated / had been generated / will have
been generated it was sent into a system of cables and wires called
transmission grid.

4.  The circuit malfunction has been fixed / will have been fixed /
had been fixed by 3 p.m. tomorrow.

5. The source of current just had been switched off / has been
switched off / will have been switched off to prevent a short circuit.

6. Superconductive properties have identified / will have been
identified / has been identified by the time we complete the research.

7. After the results have been obtained / will have obtained / had
been obtained they checked the circuit again.

Exercise 4. Arrange the words in the following sentences in the
correct order.

In the system / the engineers / have / yet / increased / the pressure?
The transformer / has / the voltage / or / increased / decreased?
Been / connected / the contacts / of the circuit / have?

4. They / engineering / known / about /materials / these / have / for
a long time.

5. You/ever/ of superconductors / studied / have / the properties?

6. Electromagnets / have / powerful / been / recently / developed.

7. Since / he / been / morning / has / in the laboratory.

8. By /time / everything / had / arranged / been / that.

9. The students / have / studied / semiconductors / will / next / by /
term / the types of.

10. They / just / have/ of this / the conductive / material / enhanced /
properties.

W=
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Exercise 5. Transform the sentences using the verbs either in the
Active or Passive Voice.

1. The electrical engineer has already solved all the technical problems.

2. A series of experiments with electric circuits had been performed
by the students by the end of the term.

3. He has recharged these batteries since 2 o’clock.

4. When you come I will have prepared sodium hydroxide solution.

5. A new type of an electric drive has been developed by our engi-
neers recently.

6. To prevent overheating they have installed a fuse into the circuit.

7.  They have changed the diameter of the wire to obtain better results.

Exercise 6. Correct the mistakes in the following sentences. Mind
the use of Perfect tense forms.

1. These engineering materials have already find a wide application
in industry.

2. Ivan have just unplugged the microwave oven to work on elec-
trical wiring.

3. The students will have studied the theory of semiconductors by the
end of last week.

4. The resistance of the circuit have been change in order to control
the current flow.

5. You have insulated the wire properly?

6. After he will have determined the number of amperes and volts
he could find the resistance of the coil.

7. Since that time it have been become the usual thing to speak of
the current as flowing from positive to negative.

Exercise 7. Complete the sentences with the correct tense forms
(Active or Passive) of the verbs in brackets.

1. We already (to speak) about the difference between AC and DC
at the seminar.

2. The students (to study) the electricity basics by the end of next year.

3. The students of our group (not to pass) all the exams yet.

4. You ever (to get) a shock from static electricity?
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5. The engineer (to prepare) the necessary measuring devices be-
fore the experiment started?

6. The ability of semiconductors to change their state (to make)
them the cornerstone of electronics.

7. All the articles on engineering materials (to translate) by next
Tuesday.

8. The substance (to cool) until it approached absolute zero.

9.  Why you (not to put on) rubber gloves? You must follow safety
rules to avoid the injury.

10. The scientist (to prove) the practical importance of his invention
recently.

11. He (to change) the level of conductivity of this material by the
end of the experiment.

12. The flow of current just (to increase).

13. After the report (to complete) it was given to the supervisor.

Exercise 8. Work in pairs. Ask your partner what these people

a) have done recently (lately / already etc.)

b) had done by certain time in the past (by 7 p.m. yesterday / by
that time etc.)

¢) will have done by certain time in the future (by S p.m. tomor-
row / by the end of next month etc.)

1. The Professor (to tell the students about electric generators / to de-
liver a lecture on superconductors / to publish the results of the experiment).

2. The engineers (to test new engineering materials / to introduce
new methods of work / to investigate the properties of the substance
under test).

3. The students (to study the conductivity of liquids and gases / to
take part in the scientific and technical conference / to perform a series of
experiments with semiconductors).

4. The scientist (to complete his research / to improve the previous
results / to succeed in creating a new superconductor).

5. You (to complete the coursework / to pass all the exams / to de-
velop new specialist skills).

6. The electrician (to check the transformer operation / to fix a faulty
wiring / to insulate bare wires).
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Exercise 9. Translate the following sentences into English.

1. MBbI TOJBKO YTO MPOTECTUPOBAIH, YTO AUCTHJUIMPOBAHHAS BOAA
HE MPOBOAMT 3JIeKTpuyecTBO. Ho, HampuMep, BBICOKO HOHU3UPOBaHHEIE
BOJIHBIE PACTBOPHI COJICH SIBJISIOTCS] XOPOIINMH ITPOBOJHUKAMU.

2. — Ot 4ero 3aBUCHT CKOPOCTH AJIEKTPHUECKOro Toka? — Hackoms-
KO § 3Haro, OHa MPOIMOPLHOHATIbHA PA3HOCTH MOTEHIINATIOB U 3JIEKTPO-
MIPOBOJHOCTH BEILECTBA.

3. — BpI yxe u3yyanu cBOWCTBa MOTynpoBOAHHUKOB? — Jla, moimy-
MIPOBOJHUK — 3TO BEIIECTBO, 3JEKTPONPOBOJHOCTH KOTOPOTO HMEET
MPOMEXYTOYHOE 3HAYEHUE MEXKY JIEKTPONPOBOIHOCTHIO IPOBOIHUKOB
U TUBIIEKTPUKOB.

4. Mertansl, B OTAHYHE OT HEMETAIJIOB, UMEIOT BBICOKYIO TNIOTHOCTh
CBOOOJHBIX 3JIEKTPOHOB, TI03TOMY XOPOILO MPOBOISAT 3IEKTPHIECTBO.

5. DNeKTpUK TOJBKO YTO 3aM30JMPOBAI 3TH IPOBOAA, YTOOBI HC-
KITIOYUTh TOJy4YeHHE yAapa JJIEKTPUYECKHM TOKOM OT IPOBOJOB IO
HaNpsDKEHUEM.

6. — Bbl korma-HuOyAb PEMOHTUPOBAIIH 3JICKTPOHHBIE YCTpOHcTBa?
— Her, 310 TpeOyeT crnenuanbHbIX HABBIKOB U 000PYIOBaHUS.

7. C moMONIbIO CBEPXIPOBOTHUKOB HEJABHO OBUIM CO3/aHbI Upe3-
BBIYAHO MOIIHBIE 3JEKTPOMAarHUTHI, T. K. YeM CHJIbHEE TOK, TEM CHIIb-
Hee MarHUTHOE II0JI€.

8. K xoHmy mecsma g yke 3aKOHYY CBOIO KYpPCOBYIO padoTy IO
Teme «IIpOBOTHUKH U 30 TOPBD».

9.  DNeKTponpoBOIHOCTH 3TOTO MOIYIPOBOAHHUKA 3HAYUTEIIBHO YIIyd-
IIAJIACh, TIOCTIE TOTO KaK K HeMy JOOaBIIIH OIIpeeIeHHbIE TIPIMECH.

10. — T yke mpounTan 3Ty ctathio? O ueM ona? — B Heii cooOmia-
eTcs O MpoLecce JIETUPOBAHUS MOIYNPOBOAHUKOB C IIETbI0 M3MEHEHHS
UX CBOUCTB.

11. SIBneHue BBICOKOTEMIIEPATYPHON CBEPXIPOBOAUMOCTH OBLIO
OTKPBITO CPaBHUTENFHO HeAaBHO. C MOMEHTa OTKPBITHS IIEPBOTO BHICO-
KOTEMIIEpaTypHOr0 CBEPXNPOBOAHMKA B 1986 romy, KOJIMYECTBO TaKUX
COETMHEHNH 3HAYUTEIHHO BO3POCIIO.

12. Ha mpoTs»KeHWH MHOTHX JIET CBEPXIPOBOAHUKU MPUMEHSIOTCS
B MEAMIMHE B MAarHUTHO-PE30HAHCHOM TOMOrpaguu U Hay4HO-HUCCIIE10-
BaTeILCKOM 000PyIOBaHUH.

13. Tpodeccop pacckazan cTyfeHTaM 00 HMHTEPECHBIX CBOMCTBaX
CBEPXMPOBOIUMOCTH A0 TOTO, KaK HayaJICsl SKCIICPUMEHT.
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14. OTkpeITHE CBEPXIPOBOIHUKOB C TEMIIEPATYpOM NEpexo/ia B CBEPX-
NPOBOJSIIEE COCTOSHME NPH KOMHATHOH Temmeparype OyAeT HacTos-
IIUM IIPOPBIBOM B IIepeiade JIeKTprUuecTBa 0e3 MoTeps.

SPEAKING

Exercise 1. Interview your partner about different materials and
their conductivity. Put the words in questions in the correct order.

Dialogue 1

— Do / to know / what / you / happen / is / conduction?

— As far as I know, itisa ...

— I see. I wonder / metals / are / or / nonmetals / conductors / electri-
city / of / if / good?

— Of course, ... are good conductors because ...

— Well, what / gases / and / about? Do / conduct / they / electricity?

— If ’m not mistaken, their conductivity depends on ...

Dialogue 2

— What / between / is / the difference / and / conductors / insulators?
— You know, insulators, unlike conductors ...

— Ok, and you / what /insulating / know / do /materials?

— Actually, these are ...

— Can you tell me what / should / these / possess / properties / materials?
— Depending upon the application, insulators should ...

Dialogue 3

— What / semiconductors / for / are / used?

— They are used to ...

— Do / types / you / semiconductors / know / any /of?

— If I remember right, there are ...

— By the way, can / the conductive /of semiconductors / properties /
be enhanced?

— It was found that ...

Dialogue 4
—You/ ever / have / heard / superconductivity /about?
— Yes, of course, superconductivity is ...
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— This / was / phenomenon / when / discovered?

— As far as [ remember it ...

— Materials / what / display / property / this?

— Well, classic superconductivity is displayed by ...

Exercise 2. Run any Internet search engine and prepare a talk on
one of the following issues.

1.

Aluminium and copper as the most common conductors used in

industry.

2.

The ways of enhancing electrical conductivity.

3. The discovery of superconductivity.
4. Technological applications of superconductivity.
UNIT 5
MAGNETIC MATERIALS
SWITCH ON

Exercise 1. Test your knowledge of magnets and magnetism with
a simple magnet quiz.

L
a)
b)
©)
2.
a)
b)
©)
3.
a)
b)
©)
4.

What is a magnet?

a household appliance;

an object that can pull certain types of metal toward itself;
a charged particle.

Which material will not be attracted to a magnet?

iron;

nickel,

copper.

Which is not associated with magnets?

north pole;

east pole;

south pole.

The Earth is a huge  because the core of our planet is filled

with molten iron.
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b)
c)
5.
a)

magnet;

b)

electromagnet;

particle.

Which is true?

the north pole of one magnet will attract the north pole of another

the south pole of one magnet will stick to the south pole of

another magnet;

c) the north pole of one magnet will attract the south pole of another
magnet.

6. All the magnets on the Large Hadron Collider (LHC) are

a) particles;

b) electromagnets;

¢) semiconductors.

7. Which of the following is not an application of electromagnet?

a) motors and generators;

b) electric bells;

c) fridge magnets.

VOCABULARY & READING

Exercise 1. Study the words and word combinations in bold from
the text “Magnetic Materials” and write them down into your per-
sonal vocabularies.

Exercise 2. Match the words and word combinations having an
opposite meaning.

A R G e

To disappear a. To turn on
Rare b. Temporary

To attract c. Tolose
Permanent d. To appear

Soft e. Artificial

To turn off f. To demagnetize
To retain g. Common
Natural h. Hard

To magnetize i. To repel
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Exercise 3. Scan the text “Magnetic Materials” and answer the
questions.

What is the difference between gravity and magnetism?
Which is the strongest permanent magnet on Earth?

What do electromagnets consist of?

What devices employ electromagnets?

What is the advantage of using superconducting magnets?

SNk W=

Exercise 4. Read the text “Magnetic Materials” again and decide
whether the sentences are true or false.

1. A magnet is a material that exerts a force on other materials
without contacting them.

2. Lodestone is a rare earth permanent magnet.

3. Neodymium magnets are the most powerful permanent magnets
on Earth.

4. Samarium Cobolt magnets are able to operate at high temperatures.
Magnets strongly attract objects that contain gold, aluminium, silver.
Electromagnet is known as a common natural magnet.
Electromagnets can be turned on and turned off.

Permanent magnets are stronger than electromagnets.
Superconducting magnets find application in health care.

0 0 N oy

MAGNETIC MATERIALS

A magnet is a material that can exert a force on other materials over a
distance. This force is known as magnetism and may either attract or
repel. It is a basic force of nature, like electricity and gravity. However,
magnetic forces are not related to gravity. The amount of gravity is based
on an object’s mass, while magnetic strength is based on the material
that the object is made of.

There are many different types of magnetic materials. People have
known for a long time that a certain type of rock, called lodestone, is a
natural magnet. There are also rare earth permanent magnets like neo-
dymium (Nd) and samarium (Sm) which are used to produce magnetic
materials. These metals are rarely found in economically exploitable
concentration. Neodymium magnets are the strongest on Earth and the

60



most expensive. These magnets are used in renewable energy devices
from electric cars to wind turbines.

Samarium Cobalt magnets are made from an alloy of samarium and
cobalt. These magnets are famous for their ability to operate at high
temperatures up to 300 degrees Celsius. These magnets are, however,
extremely brittle and crack very easily.

A permanent magnet is a device made from a magnetized material
that creates a persistent magnetic field around an object. A good magnet
produces high magnetic field and is stable against the influences which
might demagnetize the material. Another important quality of the perma-
nent magnet is that it can be magnetized and retain the magnetization
for a long period of time even after the removal of the external field.
Permanent magnet strength depends upon the material used in its crea-
tion. Magnets strongly attract objects that contain iron, nickel, cobalt
and their alloys.

Other magnets are known as electromagnets. These are devices in
which magnetism is produced by an electric current. Electromagnets are
different because they have a ferromagnetic material (usually iron or
steel) located inside the coil of wire. When electric current is passed
through the coil, a soft iron core enhances the magnetic field produced
by the coil. When the current is turned off, the magnetic force of an
electromagnet disappears. This property makes an electromagnet more
useful than a permanent magnet in many applications.

Electromagnets are used to lift large masses of magnetic materials,
such as scrap iron. They are essential to the design of the electric motor
and generator. They are also employed in doorbells, circuit breakers,
loudspeakers, atomic particle accelerators, and electromagnetic brakes
and clutches. Electromagnetic propulsion systems can provide motive
power for spacecraft.

Electromagnets are also essential to magnetic levitation systems that
are found in maglev trains. Such systems often use a special kind of
electromagnet whose coil is made of a superconducting metal. Because
the coils of a superconducting electromagnet offer no resistance to the
flow of electricity, no energy is wasted by the development of heat, and
the magnetic field produced by the magnet can be very strong. Super-
conducting magnets are also used in magnetic-resonance imaging
(MRI) and for energy storage. The first practical electromagnet was
invented early in the 19th century.
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Exercise 5. Match the two halves of the sentences.

1. Permanent magnets can re-
tain magnetic properties

2. Electromagnets display mag-
netic properties

3. Permanent magnet strength

4. The strength of an electro-
magnet can be adjusted

5. If a permanent magnet loses
its magnetic properties

6. An electromagnet loses its
magnetic power

a) only when electric current
passes through them.

b) by the amount of electric
current applied to it.

c) for along time.

d) every time an electric
current is removed.

e) depends on the material
used in its creation.

f) they can be recovered by
remagnetizing.

Exercise 6. Find words and word combinations in the text “Mag-
netic Materials” which mean the same as the following.

1. A technique that uses magnetism, radio waves and a computer to
create a picture of areas inside the body.
2. Recyclable material left from old vehicles.

Nownkw

Metals that are rarely found in their concentrated form.

A machine that pushes particles to nearly the speed of light.
A naturally magnetic iron ore.

A device composed of a copper wire wound up in a spiral form.
The force that makes things fall to the ground.

Exercise 7. Complete the sentences with the words in the box.

attract, levitation, propulsion, permanent, enhance, repel, turn off,
persistent

1. Don’t forget to the lights when you leave.

2. The decision to use electricity instead of horses for

made in 1892.
3. —Can we

was

the conductivity of semiconductors? — Actually,

certain impurities make semiconductors better transmit electricity.
4. One promising application of electromagnetic technology relates

to Maglev, or magnetic , trains.
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N

Two North poles will each other.

Any problem can be solved if youare _ and patient.
The North pole will  a South pole.

She is looking fora  job.

Exercise 8. Study the words and word combinations in bold from
the text “Electromagnetism” and write them down into your perso-
nal vocabularies.

Exercise 9. Match the words having a similar meaning.

VXN h WD

Circular a. Speed

To create b. Value

To deduce c. Interaction
Movement d. To establish
Rate e. Round

To wrap f. To cause

To induce g. Motion
Relationship h. To wind
Magnitude i. To conclude

Exercise 10. Scan the text and complete the following sentences.

Electromagnetism establishes the relationship between .
Electromagnetic induction was discovered by .
The factors that influence the electromagnetic induction are

To produce a much stronger magnetic field we need to use .

Exercise 11. Read the text again. Discuss it with your partners
using the questions below.

IR S

Is / electromagnetism / when / produced?

Law / is / of electromagnetism / basic / what / the most?

Did / Faraday / what / perform / experiment?

The law / show / what / of electromagnetic / does / induction?
Electromagnets / why / instead of / are / permanent / used / magnets?
Does / an electromagnet / what / consist of?
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7.  How / turned off /electromagnet / can / be?
8. Electrical / functions / electromagnetic / equipment / on the prin-
ciple of / what / induction?

ELECTROMAGNETISM

Magnetism and electricity are always connected. A magnetic field is
created by a moving electric current and a magnetic field can induce
movement of charges (electric current). Magnetism, along with electricity,
belongs to a larger phenomenon, electromagnetism, or electromagnetic
force generated by the passage of an electric current through matter.
When electric current passes through a conductor, a circular electro-
magnetic field is created around it.

A very important law linking electricity with magnetism is Faraday’s
law of electromagnetic induction. Electromagnetic induction can be
generated in two ways, namely when the electric conductor is kept in a
moving magnetic field and when the electric conductor is constantly
moving within a static magnetic field. The phenomenon of electromag-
netic induction was first discovered by Michael Faraday in 1831 when
he moved a permanent magnet through an electric coil. He noticed a
change in voltage of the circuit.

According to Faraday's law, a voltage is induced in a circuit whenev-
er relative motion exists between a conductor and a magnetic field and
that the magnitude of this voltage is proportional to the rate of change
of the flux. The law shows how a magnetic field interacts with an elec-
tric circuit. Electromagnetism helped in establishing the relationship
between electricity and magnetism.

Michael Faraday later deduced the factors that could influence the
electromagnetic induction as the number of coils, the strength of the
magnet, the changing magnetic fields and the speed of relative motion
between a coil and a magnet.

While permanent magnets produce a good and sometimes very strong
static magnetic field, in some applications the strength of this magnetic
field is still too weak or we need to be able to control the amount of
magnetic flux that is present. So, in order to produce a much stronger
and more controllable magnetic field we need to use electricity.

By using coils of wire wrapped or wound around a soft magnetic
material such as an iron core we can produce very strong electromagnets
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for use in many different types of electrical applications. The electro-
magnetism created can be turned on and off by cutting off the electric
current flowing in the conductor.

Electromagnetism has been extended to quantum physics. It has
helped in findings related to the nature of light and in the discovery of
the electromagnetic spectrum. Electromagnetism is also used in devices
such as solenoids, electric motors and generators, transformers, induction
cookers, in musical instruments like electric guitar, electric violin, etc.

Exercise 12. Choose the correct word below.

1. The phenomenon of electromagnetic induction was first (inven-
ted / discovered) by Michael Faraday.

2. FElectromagnetism is a branch of physical science that describes
the (relationship / application) between electric current and magnetic field.

3. Itis possible for electricity to give rise to (gravity / magnetism),
and symmetrically for magnetism to give rise to (speed / electricity).

4. Magnetic (flux / circuit) is a measure of quantity of magnetism.

5. A strong field can be produced if an insulated wire is (moved /
wrapped) around a soft iron core and current is passed through the wire.

6. If the strength of the magnetic field is too (weak / strong) we
need to use electricity.

7. Our task is to determine the (magnetism /magnitude) of an angle.

8. Johannes Kepler studied the (motion / induction) of Mars trying
to (make / deduce) from his observations how the planet moves.

9. The current in the primary winding is (measured / induced) by
the rotating magnet.

Exercise 13. Match the words on the left with words on the right
to make word combinations.

circular electromagnetic, particle, induction, core, physics, ac-
scrap, ferromagnetic, magnetic levi- | celerator, iron, imaging, field,
tation, magnetic-resonance, rare | magnet, cooker, motion, material,
earth, electromagnetic, relative, | system
quantum, soft iron, induction
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Exercise 14. Find eighteen words related to magnetic materials
and electromagnetism in the puzzle. Read across, down, and diagonally.

FIEIRIRIOM|A|G|NJE |T|I|C
LIO/DIE|[S|T|IO|N|E|Z |1 |T|X
E/ILIE|C|T RIOM|IA|[G|INE|T
VK IAIOOMWIW|IJ|Y|E|D|Z|R
I X|[ Y| T|C|]O|R|E|N|U|U|S|A
T|IZ|F| L|U|X|T/IA|T|B|[C|O|R
AINIEO|ID| Y M T |UM|T|L]E
TIJIGIQ|C|R|N|X|O|V]|I|E|E
I RIOIN/E|G/H|U L|N|JO|NJA
O X Q|PIAINIOIR|IT HIN|O|R
N SIAIM|IA|/R|T|UM|P|P |I]|T
A|CIC/E|L|/E|/RIAIT|O|R|D|H
GRAMMAR

REVISION OF TENSES

Exercise 1. Match the Tenses with their forms and time words.

Tense Active Passive Time words
Voice Voice
Present drive / is / are usually, always, often,
Progressive drives being trans- | sometimes, rarely, seldom
lated
Past made, is / are built | from 3 to / till 4 yesterday,
Progressive provided the whole day yesterday,
at 3 yesterday, while
Future have / has had been now, at the moment,
Progressive lived informed | nowadays, today
Present Simple | am/is/are | was/were | tomorrow, next month,
reading being fixed | in a few days
Past Simple will have will be at this time tomorrow,
come performed | from 3 to / till 5 tomorrow,
the whole day tomorrow
Future Simple had written | was/were | just, already, yet, never,
checked ever, recently, lately, since,
for
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Present Perfect | was/were will have | by 2 yesterday, by the
testing been time we arrived, before,
measured | after + Past Simple
Past Perfect will leave — since, for, all my life, how
long
Future Perfect have / has by 2 tomorrow, by 2040,
been trans- - by the time we arrive, after,
lating before + Present Simple
Present Perfect will be have /has | yesterday, two days ago,
Continuous doing been last month, the day before
developed | yesterday, in 2001

Exercise 2. Complete the sentences using Present Simple or Pre-
sent Progressive (Active Voice).

1. Today we (to participate) in the experimental physics conference.

2. Superconducting magnets (to operate) at a very low temperature
of 1.9K (- 271.3°C).

3.  Right now, Pavel (to dissolve) ordinary table salt in water to
prove that a saltwater solution (to be) a good conductor.

4. The electricians (to have) a fire drill at the moment.

5. The Large Hadron Collider usually (to run) from May to mid-
December, using the power to accelerate protons to nearly the speed of light.

6. — Where electricity (to come) from? — It (to come) from a power
plant situated 35 km from the laboratory.
7. —Can I speak to Professor Tomson? — I’'m afraid not, he (to take

part) in the workshop on high-energy physics.
8. Power consumption (to fall) to about 80 megawatts during the
winter months.

Exercise 3. Complete the sentences using Present Simple or Pre-
sent Progressive (Passive Voice).

1. Electromotive force (to measure) in volts and generally (to call)
voltage.

2. New research results (to present) by a young scientist now.

3. The components and subsystems often (to design), (to build) and
(to test) separately before they (to join) together to work in harmony.
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4. At the moment the students (to select) for working in experi-
mental teams.

5. Currently, a new experiment at the particle accelerator (to run)
by collaborations of scientists from all over Europe.

6. Usually students (to require) to prepare a short report on their
work at the laboratory.

7. Scrap iron commonly (to lift) by electromagnets.

8. Smart meters show in real time how much electricity and gas (to
use) by householders.

Exercise 4. Choose the right option of Past Simple or Past Pro-
gressive (Active or Passive).

1. The electric motor introduced / was being introduced / was in-
troduced in elevator construction in 1880 by the German inventor Werner
von Siemens.

2. The ancient Greeks were observed / observed / was observing
that amber, when rubbed, attract / were attracting / attracted small, light
objects.

3. At the laboratory practical the students were connected / were
being connected / were connecting a light bulb to an electric battery by
two copper wires.

4. While I solved / was solving / was being solved an equation my
groupmates measured / were being measured / were measuring the po-
tential difference.

5. The magnetic properties of solenoids was demonstrated / were
demonstrated / was demonstrating by Andre Marie Ampere.

6. When the students were watching / was watched / was being
watched a video about Maglev trains they became / were become / were
becoming surprised at magnetic levitation technology.

7. The first practical radio signaling system produced / was pro-
duced / was being produced by Italian engineer Marconi in 1895.

8. The most important technological innovations were discussing /
were discussed / were being discussed during the whole seminar
yesterday.
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Exercise 5. Complete the sentences using Present Perfect or Past
Simple (Active or Passive).

1. They just (to take) the meter readings.

2. Most elevators of the 19" century (to power) by steam engines
or some form of hydraulic drive.

3. English scientist Michael Faraday (to introduce) the concept of
lines of force, a concept that (to prove) extremely useful in the study of
electricity.

4. Since the introduction of electric motive power for elevators
various improvements (to make) in motors and methods of control.

5. The main focus of research at CERN (European Council for
Nuclear Research) (to move) in recent years towards the Large Hadron
Collider.

6. The first successful escalator (to construct) by the Otis Elevator
Company in 1890.

7. Vibration measurements just (to carry out) near the laboratory
facilities in preparation for civil engineering work.

8.  — You already (to attend) the lecture of Professor Jonson? — Not
yet. As I know, he (to investigate) valuable properties of superconduc-
tors recently.

Exercise 6. Complete the sentences using Past Perfect or Past
Simple (Active or Passive).

1. After we (to dissolve) sodium chloride in pure water it (to be-
come) a conductor.

2. In 1791 Italian biologist Luigi Galvani (to publish) the results of
experiments that he (to perform) on the muscles of dead frogs.

3. After the connection (to make) properly the bulb (to start) to glow.

4. In 1800 Italian scientist, Alessandro Volta, (to announce) that he
(to create) the voltaic pile, a form of electric battery.

5. After a small amount of impurities (to add) to silicon it (to
begin) to conduct electric current.

6. While maglev transportation first (to propose) more than a century
ago, the first commercial maglev train (to make) by 2002 in Shanghai,
China.
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7. After electromagnets (to cool) to extremely low temperatures
they (to demonstrate) an unusual behavior.

Exercise 7. Complete the sentences using Simple, Progressive,
Perfect (Active or Passive) tense forms of the verbs in brackets.

1. Currently, the researchers (to work) on a way to use supercon-
ducting wires without losing energy needed to cool the wires.

2. A famous scientist (to invite) to present his idea of electromag-
netic propulsion system at a Joint Propulsion conference last month.

3. When the switch is closed, current (to flow) and the bulb (to light).

4. For decades, rocket engines (to be) the only means of space travel.

5.  Now aerospace engineers (to devise) innovative ways to take us
to stars, including light propulsion, nuclear fusion propulsion and anti-
matter propulsion.

6. There are two basic ways in which the parts of a circuit (to arrange).

7.  The invention of electric battery (make) the study of electric current
much easier.

8. As a rule, when electric current (to flow) through the filament,
the filament (to heat) up and the bulb (to light).

9. After James Maxwell (to sum up) almost all the laws of electri-
city and magnetism he (to produce) four mathematical equations which
describe the interrelation of magnetic and electric fields.

10. This research institution continually (to work) on better super-
conducting magnets and very rapid, high-power solid-state switches.

11. A compass always (to point) north because the metal needle (to
attract) to the pull of the North pole.

12. Various polymeric material samples (to test) on the International
Space Station for a year to determine their resistance to the space envi-
ronment.

13. An important experiment at the particle accelerator (to carry out)
by a research team from 3 to 6 p.m. yesterday.

14. Since its launch in 1990, Hubble Space Telescope (to take) over
a million of observations that (to change) our fundamental understanding
of the cosmos.
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Exercise 8. Translate the following sentences into English.

1. — Ot dYero 3aBHCHT CHJIa MarHUTHOTO IIOJSI, MPOU3BOIUMOTO
anekTpoMarHuToM? — OHa 3aBUCUT OT KOJUYECTBA KaTyILIEK C MIPOBOJIO-
KOH, OT BETMYMHBI TOKA M OT MaTepraia CepIeIHnKa.

2.  CBepxmpoBOSIINE MarHUTHI HUCIIOJIB3YIOTCS B MAarHUTHO-PE30-
HAHCHOU TOMOTrpaduu 111 MEAUIMHCKON TUATHOCTUKH.

3. U3 cBoero skcnepuMenta Maiikn @apajeit cienan BbIBOJ, YTO
m000€ M3MEHEHNE MarHUTHOTO MTOTOKA B KaTYIIKE C MPOBOJIOKOH BBI3HI-
BaeT HAIMPsDKEHHUE BO BCEU KaTyIIIKE.

4. Tombko 4TO OBUIM MPOJEMOHCTPHPOBAHBI CBOMCTBA MAarHUTOB
MIPUTATHUBATHCS U OTTAIKMBATHCS.

5. B macrosimee Bpems SAnonus n Kuraii pa3pabaTeiBalOT TEXHOIIO-
TUIO TOe37]a Ha MarHUTHOM mnozBece. [IpOTOTUIBI TaKUX MOE3J0B YXKe
TECTUPYIOTCS, YTOOBI IPOBEPHUTH X 0€30TMaCHOCTh U 3 (HEKTHBHOCTD.

6. — Kakum oOpa3om moe3n Ha MarHWTHOW MOJYIIKE IOCTHUTAET
ckopoctH cBbiie 500 km/4? — [loe3n ynepkuBaeTcst Hajl TOBEPXHOCTHIO
MOJIOTHA C MOMOIIBIO CHJIBI CBEPXIIPOBOISIINX 3JIEKTPOMArHUTOB, KOTO-
pBIe TaKKe HE OKa3bIBAIOT COMPOTHBIICHHUS JIIEKTPHUECKOMY TOKY BO
BpeMs IBHKEHUS TI0€3a.

7. Awurnmiickue yuenole Maiikn @apaneit u Jxeiimc Makcpemn
CIeNaI OTPOMHBIE OTKPBITHS B 00JIACTH DIIEKTPOMarHeTU3Ma.

8. — Kakwme penkoszeMenbHBIE METAJUIBI MCTIOIB3YIOTCS JJIST M3TO-
TOBJICHUS MIOCTOSTHHBIX MarHuTOB? — K HUM OTHOCSITCSI HEOAWM U cama-
pHii, KOTOpBIE IPUMEHSIOTCS ISl IPOU3BOJICTBA OUYEHB MOIIHBIX ITOCTO-
STHHBIX MAarHUTHBIX CITIABOB.

9. Tlocne Toro, kKak UCTOYHUK IHUTAHUS ObUI BBIKIIOYCH, JICKTPO-
MarHuT MepecTai co3/1aBaTb MarHUTHOE IOJIE.

10. B ma"HBIM MOMEHT omepaTop KpaHa MepeMeniaeT MeTallJIoJIoM
BECOM OKOJIO TOHHBI C TOMOIIIbIO MMOABEMHOTO IEKTPOMAarHUTA.

11. — Kakue npenMeTsl NpUTArUBarOT MarHuThl? — HackomnbKo s 3Haro,
MarHdTHl MIPUTATUBAIOT TOJBKO MPEIMETHI, KOTOPBIE COIepXkKaT Kele3o,
HUKEIb, KOOAJIBT U UX CIUIABHIL.

12. — YBennuuBanack 11 007acTh KaTYIIKH 2JIEKTPOMarHuTa ¢ Ha-
yana skcrepuMmenTta? — Jla, mocie Toro kak Mbl 100aBHIIU OOJIBIIIE BUT-
KOB, CHJIa MATHUTHOTO TIOJIS1 BO3POCIIa 10 HYKHBIX 3HAYCHUH.
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SPEAKING
Exercise 1. Discuss the following questions with your partner.

1. — A magnet/ what/is? — As I know, ...

2. — Neodymium and samarium / are / why / rare / called / earth /
magnets? — I suppose, ...

3. —The ends/ are / called / what / of a magnet? — No doubt, ...

4. —The north pole / does / of one magnet / the north pole / attract /
of another magnet? — If I remember right, ...

5. —Like/repel / do/ poles / or / each other / attract? — Actually, ...

6. — Aluminium / a magnetic / is / material? — It seems to me, ...

7. — Which / attracted / to a magnet / are / metals? — I think, ...

8. — The area / is / a magnet / surrounding / called / what? — As far
as I know, ...

9. —anelectromagnet / what / is? — In fact, ...

10. — The metal center / is / of an electromagnet / what / called? —
I think, ...

11. — An iron core / increase / why / the magnetic field / does / of a
coil of wire? — As I know, ...

12. — Do/ electromagnets / why / work? — I suppose, ...

13. — advantages / an electromagnet / what / over / magnet / have /
does / a permanent? — It seems to me, ...

14. — How / you / the electromagnet / make / do / stronger? — You
know, ...

15. — What / and magnetic field strength / between / the relationship /
electric current / is / in an electromagnet? — If [ remember right, ...

16. — Where / electromagnets / are / used? — As [ know, ...
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UNIT 6
ELECTRICAL MACHINES

SWITCH ON
Exercise 1. Cross out an odd word.

Generator, transformer, motor, conductor.
Force, power, automation, voltage.
Stator, motor, conversion, rotor.

To cause, to force, to rotate, to induce.
Mechanical, different, electrical, kinetic.
Machine, device, rate, appliance.
Application, principle, use, employment.

Nk W=

Exercise 2. Match the words in the box to their definitions.

| electrical machine, generator, motor, stator, rotor, transformer

1. A piece of electrical equipment which changes the voltage level
of alternating current.
2. Anelectrical device that changes energy from one form into another.

3. A machine that converts mechanical energy into electrical one.
4. A moving component of a motor or a generator.

5. A machine that converts electrical energy into mechanical.

6. A stationary part of a motor or a generator.

VOCABULARY & READING

Exercise 1. Study the words and word combinations in bold from
the text “Electrical Machines” and write them down into your
personal vocabularies.

Exercise 2. Match the words and word combinations having an
opposite meaning.

1. To increase a. External

2. Tiny b. To decrease
3. Moving c. Slow

4. To induce d. Stationary
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5. Rapid e. Huge
6. Efficiency f. To prevent
7. Internal g. Inefficiency

Exercise 3. Read the text “Electrical Machines” and decide whether
the sentences are true or false.

1. The demand for electrical machines is growing rapidly in many
sectors of industry nowadays.

2. All electrical machines have two basic parts called stator and rotor.
A steam turbine is used as a prime mover for a generator.
Electromechanical conversion process is irreversible.
An electric motor converts mechanical energy into electrical energy.
Electric motors are rather inefficient.
A transformer is a static machine.
A transformer is a DC device.
Transformers convert electrical energy into mechanical energy.

Lo n bW

ELECTRICAL MACHINES

Electrical machines are devices which convert mechanical energy into
electrical energy or vice versa. They can be found practically everywhere in
the modern world. Applications range from tiny motors for computer hard
drives to large-scale industrial motors and machines for power generation.
The application of electrical machines continues to grow at a rapid rate in
such sectors as hybrid and all-electric vehicles, acrospace, renewables and
advanced industrial automation.

An electrical machine which converts mechanical form of energy into
electrical form is called a generator. Generators work on the principle that
whenever a conductor moves in a magnetic field, an e.m.f. is induced in the
conductor. Generators have two basic parts named stator and rotor. Me-
chanical energy is provided to the rotor of a generator by means of a prime
mover like a steam turbine, water turbine or wind turbine. Mechanical ener-
gy can also be provided by internal combustion engines or similar sources.

Most of the generated electrical energy is used to drive various indus-
trial machines in which it is converted back to mechanical form. Thus, it
is possible to obtain a mechanical form of energy from an electrical form
as the electromechanical conversion process is reversible. An electrical
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machine which converts electrical energy into mechanical energy is
called a motor. When a current carrying conductor is placed in a mag-
netic field, the conductor experiences a mechanical force and this is the
principle behind motoring action.

Just like generators, motors also consist of two basic parts, stator and
rotor. In a motor, we give electric supply to both the stator and rotor
windings which causes a mechanical force between the stator and rotor.
This force causes the rotor to rotate. The generated mechanical energy
is used to drive a mechanical load. There are certain losses in such a
conversion but similar to generators, practically all motors have efficien-
cy above 90%. Electric motors and generators are called rotating electri-
cal machines because mechanical energy usually appears in the form of a
rotational movement.

Different from rotating machines power transformers are electrical ma-
chines which have no moving parts. Transformers do not actually make
conversion between mechanical and electrical form, but they transfer elec-
tric power from one AC level to another. A transformer is certainly an AC
device. They can decrease or increase the voltage while transferring the
power without changing the frequency, but with the corresponding increase
or decrease in the current. A transformer has two separate coils, wound on a
magnetic core. One of the windings is excited by AC voltage of certain
level, then due to the induction principle, the voltage gets induced in the
second coil which is at different level.

Exercise 4. Read the text again and say

Where electrical machines are used.

What principle the work of generators is based on.

What a motor is.

What basic parts generators and motors consist of.

Why generators and motors are called rotating electrical machines.
What a transformer is used for.

How a transformer works.

Nk

Exercise 5. Complete the sentences with the words in the box.
You may have to change some words slightly.

applications, reversible, core, vehicles, to be excited, coil,
renewables, advanced, to increase, efficiency

75



1. The rotor winding by the DC supply.

2. automation technologies will create demands for entirely
new careers in autonomous systems and artificial intelligence.

3. The reason we use a magnetic in a transformer is to pro-
vide the magnetic field for the  to decrease or ___the voltage.

4. Electromechanical energy conversion is a process i.e. the
energy can be transferred back and forth between the electrical and the
mechanical systems.

5. The __ of a motor depends on its design, materials, load and
operating conditions.

6. Electric are becoming an increasingly popular alternative
to gasoline-powered cars nowadays.

7. Today,  are the world's fastest growing, most affordable
source of electricity.

8. Electric machines have been developed for a very wide range
of

Exercise 6. Read the groups of derivatives and translate them
into Russian.

1) to excite, excited, exciting, excitement;
2) toreverse, reversible, reversion;

3) efficiency, efficient, efficiently;

4) to renew, renewed, renewable, renewal;
5) to advance, advanced, advancement;

6) to rotate, rotational, rotation, rotating;
7) to move, movement, moving, mover.

Exercise 7. Complete the sentences replacing the words in italics
with appropriate word from exercise 6. You have to change some
words slightly.

1. The engines were stopped and changed to opposite direction.

2. This is the most high-level type of engine available.

3. He developed a well-organized system for transportation of raw
materials to the factory.

4. Cells are being constantly replaced.

5. Turn the handle by 180° to open the door.
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6. In solar panels the energy from the sun stimulates electrons in a
semiconducting material, creating the current flow.

7. Why not have a look at the real solutions such as inexhaustible
power sources and better energy regulation?

8.  This new method is a great improvement over past techniques.

Exercise 8. Study the words and word combinations in bold from
the text “Types and General Construction of Rotating Machines”
and write them down into your personal vocabularies.

Exercise 9. Skim the text and name these things.

1. A machine associated with DC supply.

2. A machine associated with AC supply.

3. The DC machine using DC supply to produce mechanical energy.

4.  AC machines which use AC supply and run at a constant speed.

5. AC machines using an AC supply but running at a subsynchro-
nous speed.

6. An arrangement of conductors where e.m.f. is induced.

7.  The current in the field winding.

Exercise 10. Read the text again and answer the questions below.

1. The electrical machines are classified according to the type of
power supply, aren’t they?

2. What types of the AC machines are there?
What parts does a rotating machine consist of?
Where are armature and field windings placed in most machines?
What are stators and rotors made of?
Why is the construction used for stators and rotors laminated?
What are the radial or axial ventilating air ducts used for?
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TYPES AND GENERAL CONSTRUCTION
OF ROTATING MACHINES

Basically, the electrical machines are classified according to the type
of power supply. A machine associated with DC supply is called a DC
machine. The DC machine can be a generator producing DC e.m.f. or a
DC motor using DC supply to produce mechanical energy.

77



A machine associated with AC power supply is called an AC machine.
The AC machines are further classified as synchronous machines and
asynchronous machines. The synchronous machines are further divided
as synchronous generators which produce AC e.m.f. while the AC
machines using AC supply and run at a constant speed are called
synchronous motors.

AC machines using an AC supply but running at a subsynchronous
speed which is slightly less than the synchronous speed, are called in-
duction machines. Depending upon whether machines use single phase
or three phase AC supply, they are further classified as single phase AC
machines and three phase AC machines.

Every rotating machine must possess the following parts:

a stationary part called stator
a rotating part called rotor

a shaft

a slip ring, brush assembly
bearings

In addition to these a machine has a field winding and an armature
winding. The former is used as a primary source of flux when current is
passed through it and the latter is an arrangement of conductors where
e.m.f. is induced. The current in the field winding is always a DC cur-
rent. There is an appropriate air gap between a stator and a rotor of the
machine. In most machines armature winding is placed on the stator
while the field winding is placed on the rotor.

Both stator and rotor are made of high grade magnetic material such
as silicon steel. It provides low reluctance path to the flux. The const-
ruction used for stators and rotors is laminated so as to keep eddy cur-
rent losses as low as possible. In practice, it is required to feed into or
take out power from the rotor. This is achieved by using a slip ring and
brush assembly. The slip rings are connected to the rotor winding and
rotate along with the rotor. Thus, slip rings behave as rotating winding
terminals while brushes behave as stationary terminals of rotating
winding. The power can be fed into or taken out from the brushes.

The radial or axial ventilating air ducts are also provided in the ma-
chines for cooling purposes. For large machines instead of air, hydrogen
is used as a ventilating medium.

YVVVYY
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Exercise 11. Choose the correct word in the sentences below.

b S

current.

DC (motors / generators) produce mechanical energy.
Synchronous motors use (DC supply / AC supply).

Induction machines run at (synchronous / subsynchronous) speed.
. The current in the field winding is always a (direct / alternating)

5. In electrical machines the armature winding is usually placed on

(the stator / the rotor).

6. Brushes behave as (Stationary / rotating) terminals of rotating

windings.

7.  E.m.f. is induced in a (field / armature) winding.
8.  Ventilating air ducts are used for (cooling / heating) purposes.

Exercise 12. Unjumble the letters to make the words in bold from

the text.
1. Barneig 2
3. Airdal 4,
5.  Tcundiino 6.
7. Rbsuh 8
9. Lxfu 1

Aatumrer
Indwnig
Elurtacnce
Elmmnaiat

0. Epsed

Exercise 13. Match the words that go together in the text “Types
and General Construction of Rotating Machines” and translate the
word combinations into your language.

Silicon
Induction
Air

Low
Single
Field
Ventilating
Slip

Brush

0. Current

2SO 0NN R WD =
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Winding
Ring
Machine
Assembly
Medium
Losses
Steel

Gap

Phase
Reluctance
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GRAMMAR
MODAL VERBS

Exercise 1. Complete each sentence with the modal verb can or can’t.

1. Electrical machines _ convert mechanical energy into elec-
trical energy and vice versa.

2. A transformer __ increase or decrease the voltage without
changing the frequency.

3. You __ use this device, it’s out of order.

4. One find electrical machines practically everywhere in the
modern world.

5. Engineers use rubber for electrical conductors.

6. —1_ solvethis problem. —  you help me?

7. Many elements __ form compounds with carbon.

8. Some materials __ change shape significantly, but  return

to their original shape.

9. A computer store a great amount of information.

10. He _ say anything about the classification of electrical
machines.

Exercise 2. Use could / couldn’t, was / were able to, will / won’t be
able to, to describe past or future ability or lack of it.

Example: The operator can control the robot remotely now.

The operator could / was able to control the robot remotely a few
days ago.

The operator will be able to control the robot remotely in a week.

Now he can continue his studies.

I can explain the difference between DC and AC easily.

We can’t use this old technology in production.

The engineers can extract copper in a few ways.

Can you change gas volume without changing its temperature?
Only our company can produce this type of machines.

A S e
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Exercise 3. Choose the right option in the sentences below to ex-
press permission and possibility.

1.  He will be allowed / was allowed to continue his research in a
month.

2. He might have taken / may take his exam a week ago.

3. The teacher said we may / might use the dictionary during the exam.

4. The students were allowed / will be allowed to use new lab faci-
lities during the previous experiment.

5. T hope next time we may / will be allowed to work with the new
installed equipment.

6. The engineers were sure they might have made / will be allowed
to make any changes to the system.

7. Ithought I was allowed / will be allowed to drive my father’s car.

8. Maybe this time we will be allowed to / might watch the process
of doping.

Exercise 4. Say what people must or mustn’t do in different situations.

1. You_ __ smoke in a petrol station.

2. One  overload the circuit.

3. Engineers _ prevent the conducting wires from overheating.

4. Students be late for the classes. They  come on time.

5. The engineers ___ break the safety rules, they  follow all
the instructions.

6. You  work with faulty electrical devices.

7. You contact the source of electricity.

8. Students _  include the objective of the laboratory experiment
in the report.

9. You __ switch on the current without teacher’s permission.

Exercise 5. Use have (has) to / (don’t / doesn’t) have to instead of must
(mustn’t) to express obligation.

You mustn’t do all the exercises on page 23.

He must use waterproof insulation.

Must he describe the whole procedure in detail?
You must work hard to pass your exam in English.

el
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5. She mustn’t use the computer to solve the problem.

6. Must the students study all the properties of conductors for the
seminar?

7. Engineers must cope with the changing demands of industries.

8. They mustn’t use these materials as electric conductors.

Exercise 6. Rephrase the sentences below. Express your advice or
recommendation using the modal verb should (shouldn’t).

Example: It’s better for you to learn this rule by heart.
You should learn this rule by heart.

It’s important for you to think about all the information given.
I advise you to identify all the necessary steps to solve the equation.
I recommend you to be as accurate as you can.
It isn’t a good thing for you to ignore the safety rules.

5. It is the best thing to present the results of your research at the
conference.

6. I advise you not to make the same mistake again.

7. Idon’t think it’s a good idea to discuss the problem right now.

8. I think it is the best thing to check your computer for viruses
straightaway.

Sl e

Exercise 7. Choose the right option in the sentences below.

1. Electric current  be produced by battery cells.

2. He tried hard but complete the work without teacher’s help.

3. You___throw things in the science lab. It’s dangerous.

4. Electromagnets _ only produce magnetism when electric cur-
rent passes through them.

5. Transformers don’t  be made with just two sets of windings.

6. You __ look at another student’s work. You must work inde-
pendently.

7. He take a taxi to be in time for the appointment.

8. Arobot  obey the orders given by human beings.

9. 1 ___ waitany longer. My English class starts in 10 minutes.

10. The fire spread quickly but everyone  escape.

11. You keep the electric drill till Friday. I don’t need it.
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1. a) can b) is allowed to c) hadto
2. a) must b) wasn’t able to ¢) hasto
3. a) should b) can ¢) mustn’t
4. a) haveto b) were allowed to c) can

5. a) haveto b) be able to c) must

6. a) must b) mustn’t c) have to
7. a) mustn’t b) hadto ¢) haveto
8. a) shouldn’t b) is not allowed c) mustn’t
9. a) can’t b) have to ¢) may
10. a) may not b) can c) was able to
11. a) must b) was able to c) may

Exercise 8. Correct the mistakes in the sentences below.

We were to allowed use cell phones during the classes.

May I to switch on the electric drive?

He don’t have to explain the rule once again.

Do forces can exist without motion?

I will able to repair this faulty device in an hour.

He really wants be able to use a computer properly.

They had answer all the questions correctly to pass the exam.
Transistors can to vary in size tremendously.

Did he can rely on the readings of this meter?

0. You should to think over this offer one more time before rejecting it.
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Exercise 10. Make a list of things

a) you can (can’t do) well;

b) you should do if you want to be an expert in your field;
¢) you mustn’t do at the science lab;

d) you are allowed to do / may do at the coworking center.

Exercise 11. Translate the following sentences into English.

1. DnexTpuyeckue MalIUHBI — 3TO NEKTPOMEXaHUYECKUE YCTpOil-
CTBa, KOTOpBIE CIIOCOOHBI MPEOOPa30BBIBATH AIEKTPUUECKYIO SHEPTHIO
B MEXaHWYECKYIO U HA00OPOT.

2.  CryaeHTbl AODKHBI 3HATH MPUHIUI PabOThl U OCHOBHBIC YaCTH
ANEKTPUYECKUX MAIITHH.
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3. Kakue MamuHbl MOXHO OTHECTHU K 3iekTpuueckum? — Hackomb-
KO 5 3Hal, 3TO BCE BHIBI JJIEKTPOJIBHUTATENEH, 3JIEKTPOTEHEPATOPOB
1 TpaHc(hopMaTopoB.

4. MexaHndeckas JHEPTHUsa B TeHEpaTopax W OOJNBIIEH YacTH JIBU-
raTteneil uMeeT (GopMy BpaIIATENFHOTO IBWKEHHS, TIOITOMY HMX Ha3bl-
BaIOT BPAIAIONUMUCS HIEKTPUISCKUMI MAITHHAMHU.

5.  TpanchopMaTopsl MOTYT YMEHBIIATh WM YBEJIUYHMBATH HAIPSI-
JKEHHE MPU Tepeaade dHeprun 0e3 M3MEHEHHUS Y4acTOThl, HO C COOTBET-
CTBYIOIIUM YBEIUUCHUEM WM YMEHBIIEHUEM TOKa.

6. Tebe cneayer MOArOTOBUTH JIOKIA] 00 MHIYKIIMOHHBIX MaIlIWHAX
K CeMUHapy. B MpoIiblii pa3 Tel HE CMOT OTBETHThH HU HA OJIFH BOIIPOC.

7. JIro0Ooi 37eKTpUYecKUil TeHepaTop AOHKCH UMETh 2 OCHOBHEIC
YJaCTH: BPaIIAIONIyIOCs, Ha36IBAEMYIO POTOPOM, M HEIOJIBIKHYIO, HA3bI-
BaEMYIO CTaTOPOM.

8. U crartop, ¥ pOTOp M3TOTABIMBAIOTCS M3 BHICOKOKAYECTBEHHOTO
MarHUTHOTO MaTepHaia, TAaKOoro Kak KpeMHHEBas CTalb.

9. Sl momxkeH ObLI 3aBEPIIUTH KypCOBYIO pabOTy MO MalldHaM Iie-
PEMEHHOTO TOKa BUEpa, HO HE CMOT 3TOTO C/IeNaTh. Tenepb MHE IPUAET-
cs1 paboTaTh BeCh ACHB, YTOOBI CIaTh €€ 3aBTpa.

10. ITaBex BO3MOYKHO CHACT CBOM IK3aMEHBI, €ClIU OyJIeT MOBTOPSTH
KaXIbIA IE€Hb.

11. Mue pazpeuriii paboTaTh € DIEKTPUIECKHM O0OpYyHIOBaHHEM
BBICOKOTO HAMPSIKESHUS MOCIIe HHCTPYKTaXKa MO0 TEXHHUKE 0€30MaCHOCTH.

12. — JlBuratenb BHYTPEHHETO CTOPAHMSI MOXET MPEIOCTaBUTH Me-
XaHWYECKYI0 SHEPTHIO I TeHeparopa? — be3ycinoBHO, Kpome TOro, ma-
poBass M BeTpsHAs TYpOMHBI MOI'YT HCIIOJB30BAThCA KaK IEPBUYHBIC
JIBUTATEIIH.

13. Bawm crnenyer BBIKIIOUUTH 3Ty MAIIHHY Hepea 00CTyKUBAaHHEM.

14. KoHCTpyKIHs cTaTopa M POTOpa AOKHA OBITH CIIPOSKTHPOBaHA
TakuM 00pa3oM, 4TOObI CHU3UTh TIOTEPU OT BUXPEBBIX TOKOB,

SPEAKING

Exercise 1. Interview your partner about electrical machines. Put
the words in questions in the correct order.

Dialogue 1.
— Where / machines / can / applied / electrical / be?
— You know, they...
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— I see. And / machines / what / can / referred to / be / as / electrical /
machines?

— So, all types of ... are called electrical machines.

— Well, what / is / between / the difference / generators / and / motors?

— If ’'m not mistaken, generators ..., while motors ...

Dialogue 2.

— What / does / parts / every / machine / rotating / consist of?

— If I remember right it must possess ...

— Well, and what / are / materials / stators / rotors / usually / made of / and?
— Both stators and rotors are made of ... because ...

— By the way, what / are / rings / and / brushes / slip / for / used?

— In practice, it is required to ... So, ...

Dialogue 3.

— What / do / know / of / machines / rotating / you / types?

— So, according to ... there are ...

— And as far as I know the AC machines are further classified as ...,
aren’t they?

— Yes, you are quite right. And can / tell / me / you / what / induction /
called / machines / are / machines?

— They are AC machines which ...
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UNIT 7
TRANSFORMERS

SWITCH ON

Exercise 1. Transformers work on the principle of Faraday’s law
of electromagnetic induction. What does this law show? Choose the
right option.

According to Faraday's law the induced voltage is proportional to

L.

2.
3.
4

The rate of change of the magnetic field strength.
The rate of change of the magnetic force.

The rate of change of the magnetic flux.

The rate of change of the loop area.

Exercise 2. Test your knowledge of transformers with a simple quiz.

1.
a)
b)
©)
d)
2.
a)
b)
d)
©)
3.
a)
b)
©)
d)
4.

A transformer is a device which

can step up and step down the level of voltage;
works without changing the power;

works through electromagnetic induction;

all above.

A transformer

steps up and down DC voltages;

changes AC to DC;

changes DC to AC;

steps up or down AC voltages.

Why is a transformer core made of iron?

iron is very dense;

iron is easily magnetized;

iron is cheap;

iron rusts

Which of the following best describes a transformer that increases

the voltage on the primary from 120V to 1200 V on the secondary?

a)
b)
c)
d)
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a step-down transformer;
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a step-in transformer.
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. What is meant by a step-down transformer?
a) one where the output voltage is larger than the input voltage;

b) one where the output voltage is the same as the input voltage;
c) one where the output voltage is smaller than the input voltage.
6. Why do National Grid overhead transmission cables use very high

voltages?

a) higher voltages mean higher currents which wastes less energy;
b) higher voltages mean lower currents which wastes more energy;
c) higher voltages mean lower currents which wastes less energy.

VOCABULARY & READING

Exercise 1. Study the words and word combinations in bold from
the text “Transformers” and write them down into your personal

vocabularies.

Exercise 2. Match the words and word combinations having a

similar meaning.

To step up
Coil

To wind

To step down
Ratio
Fluctuating
Magnitude
Separate

NN RO =
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To wrap
Proportion
Isolated
To raise
Value
Winding
To reduce
Varying

Exercise 3. Match the definitions.

1. A laminated iron core
A primary winding

W

Eddy current
4. A secondary winding

a) is considered as an output winding

b) an electric current induced in the
core of a transformer by a magnetic
field

¢) isused as an input winding

d) a core composed of thin layers of
iron bonded together
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Exercise 4. Read the text “Transformers” and discuss it with
your partner using the questions below. First, make the right order
of the questions.

A transformer / step up / does / or / the voltage / step down?
Consist of / what / a transformer / does?
Why / a core / a laminated / does / construction / have?
Made of / a transformer core / iron / is / why?
Do / work on / what / transformers / principle?
Induces / the secondary / what / voltage / in / coil?

7. Does / the voltage / depend on / what / between / the primary and
secondary?

8. Type / has / in the primary / has / than in the secondary / what /
more turns / of a transformer?

9.  Which / the highest / has / coil / current?

10. Transformers / the voltage / do / from / raise / electric / or reduce /
generators?

kWD =

TRANSFORMERS

A transformer is a static electrical device used to convert AC voltage
from one magnitude to another without changing the frequency.
The voltage is either stepped up or stepped down. The simplest type
of a transformer consists of two coils of wire, which are also known
as windings.

The primary coil is connected to the AC voltage source while the
secondary leads to the AC output. The coils are not electrically connected.
Instead, they are wound around a laminated iron core to make electri-
cal energy pass more efficiently from one coil to the other. A laminated
construction of the core is used to reduce heating from eddy currents
in the coils.

Transformers work on the principle of Faraday’s law of electromag-
netic induction. When voltage is introduced to the primary coil, it pro-
duces a magnetic field. The iron core is easily magnetized and increases
the strength of the magnetic field. The fluctuating magnetic field in the
core induces the voltage in the secondary coil. The change of voltage
between the primary and secondary depends on the turns ratio of the
two coils. The amount of electricity being produced depends on the
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number of times the coil is wound around the core. The more times it's
wound around, the higher the voltage.

If the first coil has more turns that the second coil, the secondary
voltage is smaller than the primary voltage. This is called a step-down
transformer. In a step-up transformer, we use more turns in the sec-
ondary than in the primary to get a bigger secondary voltage and a
smaller secondary current. Considering both step-down and step-up
transformers, you can see it's a general rule that the coil with the most
turns has the highest voltage, while the coil with the fewest turns has the
highest current.

Transformers are employed for various purposes. For example, they
reduce the voltage of conventional power circuits to operate low-voltage
devices, such as doorbells. Transformers also raise the voltage from
electric generators so that electric power can be transmitted over long
distances with minimal loss.

Exercise 5. Agree or disagree with the following statements.

A transformer has no moving parts.
Transformers generate electrical power.
Transformers can only work with direct current.

4. Electricity is passed from the primary coil to the secondary
without the wires actually touching.

5. A core is a construction of many thin laminated steel sheets or
layers.

6.  When the AC supply is given to the primary winding a magnetic
flux is produced in the coil.

7. In a step-up transformer the potential difference created in the
secondary coil is less than the potential difference in the primary coil.

8. In a step-down transformer the potential difference created in the
secondary coil is equal to the potential difference in the primary coil.

9. The number of turns in the primary coil to the number of turns in
the secondary coil determines the magnitude of the voltage.

10. The more times the coil is wound around the iron core, the lower
the voltage.

11. Transformers increase the voltage inside electrical appliances.

W=
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Exercise 6. Match the words that go together in the text “Trans-
formers”. Check that you know the meaning of the phrases. Then
complete the sentences below.

1) primary a) ratio

2) step-down b) induction

3) eddy c) coil

4) wound d) loss

5) laminated e) transformer

6) electromagnetic f) devices

7) minimal g) around the core

8) turns h) currents

9) fluctuating i) iron core

10) low-voltage j) magnetic field

1. Transformersuse _ to change the voltage of alternating current.
2. Ina__ we have less turns in the secondary than in the .
3. The __ induces the potential difference in the secondary coil.
4. The voltage produced in the secondary coil mainly depends on

the  of the transformer.

5. To reduce metal cores of transformers are often arranged in
small laminations with an insulation between them.

6.  The construction of a transformer consists of two separate coils .

7. Controllers, sensors, cameras and other equipment in building
systems workas

8. Electricity is transmitted over long distances at high voltage and
low current to produce

9. A transformer is usually equipped with two windings wrapped
arounda .

GRAMMAR
THE INFINITIVE

Exercise 1. Insert to where necessary.

1. A bulb filament may burn out if too much current flows
through it.
2. The Italian scientist Alessandro Volta was the first create

an electric battery.
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3. If you let me borrow your laptop, I promise give it
back this evening.

4. 1 had originally decided = work abroad, but your advice
made me change my mind.

5. Silicon and germanium can ____ conduct electric current when
small amounts of certain impurities are added to them.

6. The voltage is high enough  to be transmitted over long
distances.

7. You’dbetter  check the battery charge.

8. Pleaseremind me __ phone the chief engineer in half an hour.

9. Transformers are efficient enough  produce minimal power
losses.

Exercise 2. Compare two pairs of sentences. Identify the func-
tions of the Infinitive. Translate the sentences into Russian.

1. a. It is necessary to use a laminated transformer core.
b. A transformer core is laminated to reduce eddy current losses.
2. a. A transformer core is usually made of ferromagnetic material in
order to increase the strength of the magnetic field.
b. To use an iron core is essential to increase the strength of the
magnetic field.
3. a. To produce a magnetic flux the primary winding must be con-
nected to the AC supply.
b. It is important for the primary winding to be connected to the
AC supply to produce a magnetic flux.
4. a. A step-down transformer is used to decrease the voltage.
b. To distribute power to our homes safely is highly important.
5. a. Power plants transmit electricity at extremely high voltages to
save energy.
b. It is necessary to transmit electricity at high voltages to save energy.

Exercise 3. Answer the following questions using the Infinitive.

Example: Why do we use step-up transformers? We use step-up
transformers (in order) to increase the voltage.

1.  Why are step-down transformers used?
2. Why is a transformer core laminated?
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3. Why is the core made of iron?

4.  Why are the coils wound around a soft iron core?

5. Why do we use more turns in the secondary coil than in the pri-
mary one?

Exercise 4. Put the verbs in brackets into the correct Passive or
Active Infinitive.

Example: I don’t remember 10 be told (zell) the news before.

1. Power plants want electric power __ (transmit) over long dis-
tances with minimal loss.

2. James Maxwell was the first  (discover) that magnets have
poles.

3. Particle accelerators are machines that propel charged particles
at incredibly high speeds in order  (observe) what happens when
they collide.

4. Since its launch in 1990, Hubble Space Telescope has provided
data __ (use) to write thousands of publications.

5. We are waiting for his research results  (present) at the con-
ference.

6. An electromagnet is powerful enough  (move) scrap steel from
one place to another.

7. In order for an electromagnet  (form), an electric current must

pass through a coil of wire wrapped around an iron core.

Exercise 5. Rephrase the following sentences using Complex Object
with the Infinitive, as in the example.

Example: Why don’t you come to the Museum of Technology with us?
(I would like) I would like you to come to the Museum of Technology with us.

1. Electromagnets can be switched on and off. (Electric current
allows).

2. He had to pay for the damage. (They made).

3. A step-up transformer increases the voltage. (A step-up trans-
former lets).

4. Pavel said I could use his electric drill. (Pavel allowed).
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5. They must fix the electric wiring right now. (I want).

6. Eddy currents heat up the core. (Eddy currents cause).

7. The core is laminated to reduce eddy currents to a minimum.
(Lamination lets).

8. Transformers improve safety and efficiency of power systems.
(Transformers allow).

9. I was told that I should carry out the necessary measurements to
ensure the system is safe. (The specialist advised).

10. Don’t switch off the current. (I don’t recommend).

Exercise 6. Put the words in the sentences in the correct order.
Translate the sentences and analyze the use of the Infinitive.

1. Function /is / of a transformer / the basic / the value / to change /
of voltage.

2. You/Iwould like / the latest innovations / to use / in your field.

3. The greater / in the secondary coil / number of turns / to be in-
creased / the voltage / enables.

4. Lets / in the secondary coil / the fluctuating / the voltage / mag-
netic field / to be induced.

5.  Them / Pavel / to check / wants / again / the circuit.

6. Expect/ the technician / we / faulty / as soon as possible / to fix /
electrical devices.

7. To obtain / the observations / us / new data / enabled.

Exercise 7. Put the verbs into the correct Complex Subject with
the Infinitive form.

1. Rubber and plastic  (to know) to be good insulators.

2. An electromagnet  (to be unlikely) to work when current is
turned off.

3. Semiconductors  (to seem) to conduct electricity under cer-
tain circumstances.

4. Transformers _ (to consider) to work on the principle of elec-
tromagnetic induction.

5. The voltage = (to expect) to be induced by the fluctuating

magnetic field.
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6. A step-up transformer (to appear) to have more turns in the
secondary winding than in the primary one.

7. A transformer (to suppose) to be step-down if the output
voltage is smaller than the input voltage.
8. A conductor (to be sure) to have low resistance.

Exercise 8. Correct the mistakes.

1. The job of the protection system is monitor the superconducting
magnets for tiny changes in voltage.

2. The first scientist to be recognized the magnetic properties of
Earth was the English physicist William Gilbert.

3. Escalators let a lot of people to move a short distance at a good
speed.

4. A conductor allows an electric current flow through it but it does
not permit the current flow with perfect freedom.

5. Voltage drop can to be calculated from this equation.

6. Itisnecessary improve current approaches to magnetic levitation.

7. The electrician warned us not touch the cables.

8. A varying magnetic flux makes the voltage to induce in the coil.

9. Power stations is known to transmit electric power at a very high
voltage over long distances.

10. A laminated core is appeared to be very efficient.

Exercise 9. Translate the following sentences into English.

1. ®ynkumsa 6atapen — MOAACPKUBATH PA3HUILY TOTEHIUAIIOB.

2. Tpanchopmatop wucmomedyercs, UTOOBl NPeoOPa3OBHIBATH
HarnpspKEHHE IEPEMEHHOTO TOKa.

3. Heobxoaumo yBeIHYHUThH CONPOTUBICHHE MaTepUalla CepACUHU-
Ka, YTOOBI YMEHBIINUTH MOTEPH B TpaHCc(hopMaTope.

4. YroObl yMEHBIINTH BUXPEBHIE TOKH, CEPICYHHKH TpaHchopma-
TOPOB ACJIAa0T U3 U30JIMPOBAHHBIX CTAJIBHBIX IIJIACTHUH.

5. UtoObl BBI3BaTh MarHUTHHINA MOTOK B CEpACYHHKE, BaXKHO MOJ-
KITIOYHTH NIEPBUYHYI0 OOMOTKY K HCTOYHHKY IIEPEMEHHOTO TOKA.

6. OcHOBHas 3a7aya CepAEYHUKA — CO3AAaTh 3aMKHYTHIM MyTh I
MAaravuTHOIr'0 MOTOKa ¢ HAMMCHBIIUM COIIPOTHUBJICHUEM.
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7. DNeKTpoTeXHHYecKas CTalb AOCTaTOYHO MAarHWTHAs, YTOObI MC-
M0JIb30BAaTh €€ VISl N3TOTOBJICHUS CEPIECYHUKOB TPAHC(HOPMATOPOB.

8. Mpsr1 OBl XOTENH, YTOOBI BBl OOBSICHWIM HaM Pa0O4Mi MPUHIIMIT
TpaHcopmaTopa.

9. VYueHble 0XHIAIOT, YTO MHXKEHEPHI MIOCTPOSIT U MPOTECTHUPYIOT
MAIIMHBI, HA KOTOPbIEe MOXKHO Oy/IET TOoIaraThCsl.

10. BuxpeBble TOKH 3aCTaBISIOT CEpPAEYHMK HarpeBaThCs, YTO Be-
JIeT K II0Tepe SHEPTuu B TpaHchopmarope.

11. IImacTrHYaTBIA CEpAECYHUK IO3BOJISIET CHU3UThH MOTEPHU OT BUX-
PEBBIX TOKOB.

12. Anexkcanapa HONPOCWIHM CAENATh JAOKIAZ O CBOEM HCCIIEAOBa-
HUW Ha KOH(MEPCHIIHH.

13. TlocrossHHAS SKCHEepUMEHTaNbHAs paboTa MO3BOJIIIIA HaM MPHii-
TH K 5TOMY BBIBOAY.

14. H3BecTHO, YTO CHIJIOBBIE TpaHC(HOPMATOPHI COCTOST W3 Cepled-
HUKa M HECKOJIBKUX KaTyIIEK C MPOBOJIOKOH, Ha3bIBAEMBIX OOMOTKaMHU.

15. ToBopar, uro xocmuueckuii teieckon Hubble cnmemam Gonee
MUUTHOHA HaOMIOACHUH BCETICHHOM.

16. TpanchopmaTop cUHTaeTCS CTATHYSCKOH MAITHHOM, ITOCKOIBKY
Y HETO HeT JBUKYLIUXCS YacTei.

17. Oskupaercs, 4To 3TOT UCCIIENOBATEINb MPEACTABUT CBOIO UICIO CHC-
TEMBI 3JIEKTPOMAarHUTHOTO UMITyJIbCa Ha IIPEACTOSIIEH KOH(EPEHIIHH.

18. OmpeneneHHo, HOBbIE CBEPXIIPOBOJIAIINE MAaTepHAIIbI MOABITCA
B OnmkaiiieM OyayIiemM.

19. MaoBeposSTHO, 4TO 3TOT TPpaHCHOPMATOP BBIIIET U3 CTPOSI.

SPEAKING

Exercise 1. Work in pairs. Read the text about the use of trans-
formers. Discuss it with your partner using the questions below.

A transformer is an electrical device that changes the voltage of an
AC supply, such as the mains electrical supply. A transformer changes a
high-voltage supply into a low-voltage one, or vice versa. A transformer
that increases the voltage is called a step-up transformer. A transformer
that decreases the voltage is called a step-down transformer.

Electricity is transferred from power stations to consumers through
the wires and cables of the National Grid. When current flows through a
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wire some energy is lost as heat. The higher the current, the more heat is
lost. To reduce these losses, the National Grid transmits electricity at a
low current. This needs a high voltage.

Power stations produce electricity at 25,000V. Electricity is sent
through the National Grid cables at 400,000V, 275,000V and 132,000V.

Step-up transformers are used at power stations to produce the very
high voltages needed to transmit electricity through the National Grid
power lines. These high voltages are too dangerous to use in the home,
so step-down transformers are used locally to reduce the voltage to safe
levels. The voltage of household electricity is about 230V.

— What / of / the basic / a transformer / is / function?
— Does / what kind / a transformer / of voltage supply / change?
—Is / a step-up / what / transformer /?
— Called / step-down / is /what transformer?
—Is / to consumers / how / transferred / electricity?
— Why / lost / energy / is / when current / through / flows / wires?
— The National Grid / what / do / the losses / does / to reduce?
— What voltage / power / do / plants / electricity / at / produce?
9. —Sent/ electricity / is / at 400,000V / through / or at 230V / the
National Grid cables?
10. — Are / what kind / stations /of transformers / at power / used?
11. — Step-up / do / transformers / high / produce / voltage /or / low?
12. — Voltages / used / high / in the home / are?
13. — Of transformers / used / what kind / locally / are?
14. — Why / step-up / used / are / transformers?
15. — Does / electricity / what amount / household / require / of voltage?

NN RO =
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UNIT 8
ELECTRIC DRIVE SYSTEMS

SWITCH ON

Exercise 1. Study the diagram of an electric drive system (Fig. 1).
With its help, match these definitions to the correct item on the
diagram.

1. It converts electrical energy into mechanical energy.

2. It provides the required energy to the electric drive system.

3. It monitors the operation of the entire system and ensures the
overall system performance and stability.

4. Tt provides the motor with adjustable voltage, current and frequency.

5. It measures signals coming from the motor.

6. It is determined by the nature of the industrial operation.

_____________________________

Motor Drive

Motor

Mechanical
Load

Power
Converter

Controller

Fig. 1. Electric drive
Exercise 2. Test your knowledge of electric drives with a simple quiz.
1.  Electric drives are becoming more and more popular because
a) they are simple and reliable;

b) they are cheap in cost;
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c) they provide smooth and easy control;

d) all above.

2. The major applications of electric drives are
a) electric trains and buses;

b) fans and compressor pumps;

c) robots;
d) all above.
3.  An electric drive uses as a prime mover.

a) adiesel engine;

b) a gas turbine;

¢) an electric motor.

4. A controller provides control over

a) apower source and load;

b) amotor and power converter;

¢) cost and weight of a motor.

5. The main disadvantage of an electric drive is that

a) it can be controlled remotely;

b) being compact, it requires less space;

c) itstops as soon as there is a failure of power supply;
d) itispollution free.

6. The type of control in a compressor motor of a fridge is
a) manual,

b) semi-automatic;

c) automatic.

VOCABULARY & READING

Exercise 1. Study the words and word combinations in bold from
the text “Electric Drive System” and write them down into your per-
sonal vocabularies.

Exercise 2. Complete the sentences replacing the words in italics
with appropriate word from your active vocabulary. You have to
change some words slightly.

1. The computer makes adjustments based on response from the
Sensors.

2. Most of the functions of the device are modifiable through
software.
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3. An automotive expert determined the amount of turning force
needed to ensure that the car would travel at its maximum speed.

4. This technology offers improved capacity as well as speed and
automation in one system.

5. When a dual-arm manipulator carries the object from one place
to another, the two arms and the gripped object constitute a closed-cycle
system.

6. Newton concluded that these forms of light vibrate at different
rates per second.

7.  After the wiring is done we add appliances and other electrical
devices that consume electrical energy.

8. All cranes will be equipped with a functional weight indicator on
the main lift, visible by the operator.

9. Cars of the future will likely include more than one type of fuel
system.

Exercise 3. Match the devices to their definitions.
1. Rectifier a) converts constant AC voltage and frequency

into another AC voltage and frequency
2. Cycloconverter b) converts DC to AC

3. Inverter c) converts fixed DC voltage into variable
DC voltage
4. Chopper d) converts AC to DC

Exercise 4. Read the text “Electric Drive System” and decide
whether the sentences are true or false.

1. A drive is a combination of various systems for the purpose of
motion control.

2. Applications of electric drives include diesel generators, electri-
cal appliances like smartphones, TV-sets, electric kettles.

3. An electric drive is an open-loop system.

4. An electric drive incorporates a power source, a power modula-
tor and a controller.

5. Converters are used to regulate the available sources to suit
the load.

6. Diode rectifiers are used to convert DC to AC.
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7. Cycloconverters are used to convert the fixed DC frequency and
voltage into variable DC frequency and voltage.

8. A sensing unit identifies certain drive parameters like motor cur-
rent and speed.

9. An electric motor converts mechanical energy into electrical
energy.

10. Both AC and DC motors are used for electric drives.

ELECTRIC DRIVE SYSTEM

More than half of the electrical energy generated worldwide is con-
verted into mechanical motion, and the importance of electric drives for
transport and movement is growing steadily.

An electric drive is a form of machine equipment designed to convert
electrical energy into mechanical energy under the necessary control. Elec-
tric drive systems control the motion and processes of different electrical
machines and mechanisms. Typical applications of electric drives include
fans, compressor pumps, hoists, cranes, escalators, conveyors, electric lo-
comotives and cars.

An electric drive is a self-adjusted closed-loop system with five main
functional blocks namely a power source, a power converter, an electric
motor, a mechanical load and a controller which incorporates a sensing
unit and a control unit. In a closed loop system, the output of the system is
a feedback to the input.

A power source provides the required energy to the electric drive system.
The basic power sources are AC (the mains), DC (a battery) or renewable
sources like solar or wind. A power converter provides the motor with
adjustable voltage, current and frequency. Converters are used to con-
vert or regulate the available sources to suit the load.

The main types of conversion are AC to DC, DC to AC, DC to DC,
AC to AC. Diode rectifiers are used to convert AC to DC. Inverters
are employed to get AC from DC. Choppers or DC to DC converters
are used to convert fixed DC voltage to a variable DC voltage. It is a
high speed switch which connects and disconnects the load from power
source to get variable voltage at the output. Cycloconverters are used to
convert the fixed AC frequency and voltage into variable AC frequency
and voltage.
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A controller is an electronic device that takes signals from sensors,
processes them and generates a reference signal. A controller regulates
energy through the feedback coming from the sensor unit. This output
signal tells the drive how much power to generate in order to control mo-
tor torque or motor shaft rotation. Nowadays, this control can be done
easily with the help of software. So, the controlling is becoming more
and more accurate.

An electric motor converts electrical energy into mechanical energy.
It also can be viewed as a device that transfers energy from the electrical
source to the mechanical load. Both AC and DC motors are used for
electric drives. The basic criterion in selecting an electric motor for an
electric drive system is that it should meet the power level and perfor-
mance required by the load.

Electric drives are getting more and more popular and are used in a
wide range of applications because:

» they do not pollute the environment;

» they are available with wide range of torque, speed and power;

» electric braking can be employed therefore they have flexible
control characteristics;

» Dbeing compact, they require less space;

»  they have comparatively long lifetime.

Exercise 5. Explain why:

1) electric drives are used in pumps, escalators, robots and elec-
tric cars;

2) anelectric drive is a self-adjusted system;

3) power sources are used,;

4) converters are used,

5) acontroller includes a sensing unit and a control unit;

6) electric drives are getting more popular.

Exercise 6. Complete the sentences with the words in the box.

the mains, drive, feedback, shaft, performance, hoist, load,
frequencies, incorporate, torque
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1. The lifting capacity of this chain ___ is five tons.

2. We know that electrons at any molecule can only absorb radia-
tion at certain

3. Motors convert electrical energy into mechanical energy in order
toturna

4. The electrical system failed because it couldn't handle the

5. Braking of a DC motor develops a negative _ while the
motor works as a generator and as a result the motion is opposed.

6. The  can easily be started and it does not require any refueling.

7. We tested to see if the increased  met the theoretical speed
boost.

8. The smoke detector should be connected to electricity and

fitted with back-up batteries which will operate if the electricity supply
should fail.

9. In order to provide a complete report, the engineers the
graphs and charts into the written text. In a closed loop system, the out-
put of the system is a to the input.

GRAMMAR

PARTICIPLE & GERUND

Exercise 1. Study the following word combinations with the Partici-
ple I Simple and Participle I1. Translate them into Russian.

a) Participle I Simple

The system controlling the motion, the water containing impurity, the
laminated core reducing eddy currents, the transformer improving safety
and efficiency, the drive system providing flexible control, the force being
measured now, the transformer working on the principle of electromagnetic
induction, the amount of energy being produced by the motor right now.

b) Participle Il

The voltage produced in the secondary coil, the container filled with gas,
electromagnetic induction discovered by Michael Faraday, the data received
from sensors, certain tasks done by people, the method of production known
as Detroit automation, the current induced in the conductor, the resistance
reduced automatically, the results presented at the conference, fossil fuels
formed more than 65 million years ago.
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Exercise 2. Complete the sentences using the proper form of the
Participle I Simple and Participle II.

1. Signals  (to measure) by sensors are then sent to the controller.

2. In a simple circuit  (to consist) of a bulb, a battery, and two
pieces of wire, the electric current flows from the negative terminal to the
positive one.

3. The equipment _ (to adjust) by a skillful operator now is very
reliable.

4. The load includes all appliances _ (to place) in the circuit, such
as lights, switches, fuses and other devices.

5. Solenoid is a coil of wire in the form of a cylinder _ (to have) a
length much greater than its diameter.

6. Railways are controlled by automatic signaling devices, which have
sensors that detect carriages  (to pass) a particular point.

7. In order for an electromagnet to be formed, an electric current must
pass through a coil of wire  (to wrap) around an iron core.

8. The escalator _ (to install) now in the underground station will
move a lot of people upward and downward at a good speed.

Exercise 3. Choose the correct form of the Participle in bold.

1. Today almost all magnets are manufactured used / using various
natural magnets from around the world.

2. Having analyzed / having been analyzed the tests results we calcu-
lated the required load.

3. When the connections are properly made, current flows through the
wires being caused / causing the bulb to glow.

4.  'When cooling / cooled to extremely low temperatures, electromag-
nets demonstrate an unusual behavior.

5. Studying / studied the cosmos for over a quarter century, the Hub-
ble Telescope has made more than a million observations.

6. Constructing / having constructed the first successful escalator in
1900 the Otis Elevator Company exhibited it at the exhibition in Paris.

7. Under load the armature turns more slowly, reducing / having
reduced and permitting / having permitted a larger current to flow in the
armature.
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8. Having introduced / having been introduced by Michael Faraday
the concept of lines of force proved extremely useful in the study of
electricity.

Exercise 4. Complete the sentences using the correct form of the
Participle.

1. The drive system __ (to discuss) by the engineers right now
has a number of advantages.

2. Materials __ (to contain) iron, cobalt and nickel are attracted
to a magnet.

3. Hoists and primitive elevators __ (to operate) by human and
animal power or by water wheels were in use as early as the 3 century BC.

4. _ (to introduce) in elevator construction in 1880 by the Ger-
man inventor Werner von Siemens an electric motor increased the effi-
ciency and speed of power elevators.

5. Electricity consists of charges  (to carry) by electrons, pro-
tons, and other particles.

6. At the top and bottom of the escalator, the steps collapse on each

other, (to create) a flat platform.
7. When (to turn off) an electromagnet loses its magnetic force.
8. (to invent) by the Chinese in the 1% BC the magnetic compass

proved so important that it is ranked as one of the China’s gifts to the West.

Exercise 5. Rephrase each sentence so that it begins with the Gerund
as a subject.

Example: It isn’t a good idea to do an exam without revising.
Doing an exam without revising isn’t a good idea.

It’s possible to charge many substances by rubbing.

It took a long time to write a report.

It’s unsafe to touch the wires without rubber gloves.

It’s important to follow the instructions properly.

It took lots of experiments to confirm this hypothesis.
It’s easy to control an electric drive.

The current approach is to teach robots.

It’s important to keep the electric drive system working.

XN R LD =
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Exercise 6. Complete the sentences using prepositions + Gerund.
Use one of the following verbs in the box.

to lose, to control, to say, to increase, to use, to flow, to decrease,
to reenter, to do, to move, to modify

1. After through the separate branches, the current merges again
before the current source.

2. Scientists describe the relationship between resistance, length and
area by  that resistance is proportional to length and inversely propor-
tional to cross-sectional area.

3. A superconducting coil allows the high currents to flow without
____ any energy to electrical resistance.

4. By the current, you can turn the electromagnet on and off.

5. Transformers are capable of either ~ or  the voltage and
current levels of their supply without its frequency.

6. Instead of a flat surface, as in a conveyer belt, the escalators
move a series of steps.

7. What are the advantages of electric drives?

8. After the same job for ten years, I felt I needed a change.

Exercise 7. Link these sentences using prepositions (by, instead of,
without, before) + Gerund.

1. In Japan, engineers have taught a robot to dance. They demonstrate
the movements themselves.

2. We were able to translate the article into English. We didn’t use a
dictionary.

3. Before you select an electric motor check the load requirements.

4. People don’t perform certain hard and dangerous manufacturing
tasks themselves. They use robots instead.

5. Some robots can learn. They mimic human actions.

6. An electric drive can be started immediately. It doesn’t have to be
preheated.

7. It’s possible to achieve drive efficiency level up to 90 %. The objec-
tive is to optimally adjust the converter and motor to one another.
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Exercise 8. Translate the following sentences into English.

1.  CoBpeMEeHHBIH 3MEeKTPONPHUBOJ — ITO CIIOKHOE YCTPOMCTBO, CO-
cTosiliee M3 mpeoOpa3oBaTessl AIEKTPOIHEPTHH, YCTPOMCTBA yIpaBie-
HUS ¥ DJIEKTPOIBUTATETIS.

2. — Kakue ocHOBHBIE 0COOCHHOCTH COBPEMEHHOTO JIEKTPOTIPUBO-
na? — Bo-mepBbIX, MCIONB3Ysl MONYNPOBOIHUKOBEIE MPeoOpa3oBaTenu
SHEPTrHH, MOXKHO KOHTPOJIMPOBATH CKOPOCTH AIIEKTPOIPHUBOIA, BO-BTO-
PBIX, IPUMEHSS MUKPOIIPOLIECCOPHBIE KOHTPOJIIEPHI, BO3MOXHO PEIIaTh
3a[a41 yNPaBICHUS JIEKTPOIPUBOJIOM.

3. IlpeoOpa3oBarenb 3JIEKTPUUECKOW DHEPTHH HCIONB3YETCS UL
YIpaBIeHHS SIEKTPOIHEPTHUEH, TOCTYHAIOIIEH OT CETH K JBUTATEINIO.

4. VYmpaBnsisi 3JIEKTPUYECKOW JHEprueH, mpeodpa3oBaTellb MO3BO-
JSIET YIpaBIsATh CKOPOCTHIO ABUrarensi. Haubomnee pacnpocTpaHeHHBIMU
Pa3HOBHUIHOCTSAMH TpeoOpa3oBaTeseil YHepTHH SBISIOTCS Mpeodpa3oBa-
TEJIM YaCTOTHI M BHITPSIMHUTEIH.

5. Cucrema aBTOMAaTHYECKOI'O YIPABICHUs MpPEACTaBIsAET COOOM
MHUKPOTPOLIECCOPHYIO CUCTEMY, 3alIPOrPAMMHUPOBAHHYIO CIIEHUATbHBIMH
3aKOHAMH CTA0MIIN3AIMU CKOPOCTH JIBUTATEIS.

6. VcnomHUTENnbHBI MEXaHU3M WM Harpy3ka — 3TO MEXaHHU3M,
KOTOPBII HEMOCPEACTBEHHO BBITNIONHAET MOJIE3HYIO PadoTy (HOABEM Ipy-
3a, IBIDKEHUE TPAHCIIOPTA, BpaIlleHnEe BEHTHIISTOPA U T. 1I.).

7. IlocpeacTBOM HCIOJIB30BaHUS KaTyIIEK C IPOBOJIOKOH, HaMo-
TaHHBIX BOKPYI' MarHUTHOTO MaTepHaja, TAKOTrO Kak >KeJIe3HBIH cepaed-
HUK, MBI MOXKEM CO371aTh OYE€Hb MOITHBIN 3JIEKTPOMArHHUT.

8.  VYMHOXeHHe aMmIep Ha BOJBTHI JTaeT ONpPEIEeNIEHHOE KOJINYeCT-
BO BarT.

9. Heo0xomuMOCTh YMEHBLICHUS CKOPOCTH MABHUIATENsS WM €ro
MOJTHAsI OCTAHOBKA MOJKET BO3HHUKHYTH B JIIOOOH MOMEHT, CJe0BaTelb-
HO, TOPMOXKEHHE — 3TO OYEHb Ba)kKHas olepanus Ui MpHUBOJA C JABHUra-
TeJIeM MOCTOSIHHOTO TOKa.

10. ABTOMaTH3WPOBAHHOE MPOU3BOICTBO HEBO3MOXHO 0€3 HCIIOJb-
30BaHUS JIEKTPOIPHUBOIOB.

11. VnpapneHnue Harpy3Ko OpOUCXOIUT MyTEM pacueTa 3aJaHus Ha
TEKYIIYI0 CKOPOCTh. 3aJjaHre Ha CKOPOCTh MOJAETCS Ha CUCTEMY YIpaB-
JISHUSI TpeoOpazoBaTeNs AIEKTPHIECKOI SHEPTHH.

12. DAEeKTpONpPUBOMABI, B COCTaB KOTOPHIX, KPOME TBUTATEINS, BXOISIT
yIpaBJisieMble IPeoOpa3oBaTesId YHEPTUU U CUCTEMBl AaBTOMAaTHYECKOTO
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yhpaBJICHUA, CIIOCOOHBI BBIMOIHSITH MNpOU3BOACTBCHHYIO 3aJady C MHU-
HHUMaJIbHBIM Y4YaCTUEM YCIIOBCKaA. Onn TIOJIYYHUJIM Ha3BaHHUC aBTOMAaTH-
SUPOBAHHBIX JJICKTPOIIPUBOIOB.

SPEAKING

Exercise 1. Complete the text about electric and diesel-electric
locomotives using the words from the box. Ask five questions to your
partner about the text.

power gain efficiency kinetic
powerful work efficient thermal
powered form useful stored
source chemical electrical convert
An electric locomotive is one that is 'by an external energy %,

most often via overhead electric lines. This differs from electric- dlesel
locomotive, which has an onboard fuel tank and a diesel-powered generator
to provide electricity to its motors.

An electric locomotive needs to carry neither a generator nor fuel, its
mass is therefore lower than a diesel-electric equivalent. This results in sig-
3 as the electric locomotive’s smaller mass means
less  *is done. Its motors are required to provide less  °. This
means less % and smaller motors can be used, thus further reducing
weight and improving  ”. In addition, electric locomotives use only
_ “energy. This means there isnoneedto  ’energy fromone '
to another on board the train.

In a diesel-electric unit, the energy conversion starts with ' energy
which is 12 within the hydro-carbon compounds of diesel. This fuel is
used to produce " energy, and the heat is then converted by the engine
into " energy, which provides the movement of the train. This process
is a very long way from being 100 % " — only a small percentage of
the initial chemical energy is converted to the  '®energy that is actually
used to drive the train.
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