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Lesson 1
Grammar: It, that
Text: I[ron and Steel

IlpeaTeKkcTOBLIE VIIPAKHEHUS

1. 3anoMHUTE NPOU3HOIICHHE CJASAVIOIMX CJI0B
M VTOUHHUTE MO CJOBAPIO UX 3HAYCHUS

earth /" 3:0/

useful /a:stol/

iron /'aron/

ore /3:/
considerable /kan' sidarabl/
either ... or /"a109 o:/
quantity /'kwontit1/
certain /" s3:ton/
majority / ma'd3prati/
engineering / end31' niariy /
moreover /' mo:r auva/

blast furnace
constituent
behaviour

/bla:st f3:n1s /
/kons'titjont/
/br'herivia /



2. [lepeBeauTe npeaaokeHus, 00paniass BHUMAaHHUE HA
3HAYCHHE BHUICJCHHBIX CJI0B U COUCTAHUM

number of — psin

There are a large number of metals which are useful to
man.

Cast iron possesses a number of useful properties.

either ... or — nm ...umm

Modern industry needs many metals — either in the form
of iron or in the form of steel.

by means of — nocpencTBoMm, npu NOMOIIN

The impurities in the iron ore are removed by means of
smelting.

3. IlepeBeanTe ciaeayioIlye cjaoBa, He M0Jb3YSICh CJI0-
Bapem:

Industry, modern, form, product, magnetic, electri-
cal, combine, carbon, machinary, manufacture, complex,
sulphur.

TEXT A. IRON AND STEEL

v It is known that the earth con-
tains a large number of metals
| which are useful to man. One of the
most important of these is iron
/'a1an/. Modern industry needs con-




siderable quantities of this metal, either in the form of
iron or in the form of steel. A certain number of non-
ferrous metals, including aluminium and zinc are also
important, but even today the most part of our engineer-
ing products are of iron and steel. It is necessary to note
that iron possesses magnetic properties, which have
made the development of electrical power possible. Iron
is less reactive than carbon. To extract iron from iron
(IIT) oxide, the oxygen must be removed. This reaction is
called reduction.

The iron ore, which we find in the earth, is not
pure. An ore is a rock that contains metals in such high
concentration that is economically worthwhile to extract
the metal from the rock. It contains some impurities that
must be removed by means of smelting. The process of
smelting consists of heating the ore in a blast furnace
from the bottom and provide the oxygen which is neces-
sary for the reduction of the ore. The ore becomes molten
and its oxides combine with carbon from the coke. The
non-metallic constituents of the ore combine with the
limestone and form a liquid slag. This slag floats on the
top of the molten iron and passes out of the furnace
through a tap. The metal which remains is pig-iron. We
can melt this down again in another furnace — a cu-
pola— with more coke and limestone. This is cast-iron.
It contains 96 % pure iron. Cast iron doesn’t have the
strength of steel. It is brittle and can fracture under ten-
sion. But it possesses a number of properties which make
it very useful in manufacture of machinery. In the molten
state it 1s very fluid, and therefore it is easy to cast it into



complex shapes. Also it is easy to machine it.

Cast-iron contains small proportions of other sub-
stances. These non-metallic constituents of cast-iron con-
tain carbon, silicon and sulphur, and the presence of
these substances affects the behavior of the metal. Iron,
which contains a small quantity of carbon, for example,
wrought-iron, behaves differently from the iron which
contains a lot of carbon. It is very pure. Unfortunately, it
can be too soft for many uses. Most iron is used to make
steels. Steels are alloys of iron because they are mixtures
of iron with carbon and other elements. Low-carbon
steels are easily shaped and high-carbon steels are hard.
Some steels, such as stainless steels, contain lager quan-
tities of other metals.

Notes
smelting IJIaBKa MeTajuia
ore pyaa
blast furnace = nomeHHas neyb
coke KOKC
limestone U3BECTHSK
slag 1aK
tap Kpaun
pig iron YyryH
cupola BarpaHka
cast iron Cepblil YyT'yH
to cast OTJINBATh
shape nuTeitHas popma

to machine NoJiIBepraTh MaIMHHOW 00paboTKe



wrought-iron ~ cBapo4Has cTaib (Keye30)
fricture 00pa30BbIBaTh TPEIIUHY
tension HaIpsHKeHUe

IlocjaeTekCcTOBBIE VIIPAKHEHUS

1.Haiinure B TEKCTE W MPOAHAIN3IUPVITE HYVHKIIUUA CIOB
it, that

2. IlepeBeaere cJaoBa, 00pamassi BHUMaHHe Ha cyd-
dpukcnl 1 npeduKChHI

to use — use — useful

industry — industrial

to develop — development

electricity — electrical

pure — impure — impurity

to reduce — reduction (Haiiiure B cioBape BCce 3HAYEHUS
rjarosa)

to heat — heating

to melt — melting

3.HajimuTe B TeKCTE CJACAVIOIME CJIOBOCOYETAHUS

BonbIioe koau4ecTBO METaIOB
CoBpeMeHHast MPOMBIIUICHHOCTh
OnpenenéHHeplil psii METAIOB
LIBeTHBIC METaIBI

MarsurtHble CBOMCTBA

O6nanaTh psiIOM CBOMCTB

SN e e



7. B pacmuiaBiieHHOM COCTOSIHUU
8. OTnuBaTh B CIOKHBIE (POPMBI

4. HaliiuTe B TEKCTE U MepeBeuTe

Electric power, engineering products, non-metallic
constituents, liquid slag, cast-iron, cupola (furnace),
small portions, magnetic properties, a lot of carbon, in
the molten state, strength of steel.

5. 3anoMHuTE CJeAVIONIME CJI0BA M NepeBeauTe NMpe-
JIOKCHU A

to melt — mIaBUTHCSA
molten — pacrniaBaeHHbBIN
mould — nureiinas popma, npecc-popma

At certain temperature metals melt.
They become molten.
The molten iron passes out of the furnace into moulds.

to smelt — mIaBUTHL

smelting — nuaBka

pig-iron — 4yryH

ore — pyza

blast furnace — momeHHas neyb

We smelt iron ore by heat, and change the ore into its
metal state.
When the ore is smelted, it becomes pig-iron.



This process of smelting consists of heating the ore in a
blast furnace.

6. 3aIOMHHUTE CHHOHVUMBI. 3AMEHHUTE NMOTYEPKHYTHIE B
NPEeIT0KCHUAX CJA0BA CHHOHMMHUYHBIMHA, MEePEeBeIuTe
uX

quantity, amount — KOJIUYECTBO

property, characteristic, quality — cBOHCTBO, KauecTBO
to have, to possess — umeThb, 00J1a/1aTh

component, constituent — cocTaBHasi 4aCTh, KOMIIOHEHT
fluid, liquid — xuakui

Every metal possesses certain properties, which we can
find by experiments.

Non-metallic components of cast iron contain a certain
amount of carbon.

The heating makes steel liquid.

7. 3anomHuTe aHTOHUMBI. [lepeBeauTe nmpeaioxke-
HUSA:

pure YUCTBIN

impure C IPUMECHIO
impurity MPUMECH
heating HarpeBaHue
cooling OXJIaXJICHUE
reduction BOCCTaHOBJICHHE
oxidation OKHUCJICHHE

top BEPXHS 4acCTh

bottom JTHO



remain 0CTaBaThCA

remove yIamsTh
brittle XpyIKUN
hard TBEpABIN

1) By cooling the substance we can lower the tempera-
ture to freezing point; by heating the substance we can
raise the temperature to boiling point.

2) The reaction opposite (nmpoTuBonoJioxkHasi) to that of
oxidation is reduction.

3) They remain the pure metal in the furnace.

4) The most common impurities of iron ore are silica-
titanium and phosphorus.

8. 3anosHuTEe NPONYCKHU COOTBETCTBYIOIUMMY CJIOBAMM:

1. Modern industry needs considerable ... of iron.

2. The process of smelting consists of heating ore
ina...

3. Tron possesses magnetic ...

4. The ore becomes molten and its oxides combine with
carbon from the ...

5. The non-metallic ... of the ore combine with the lime-
stone.

6. ... does not have the strength of steel, as it is brittle
and may fracture under tension.

7. In the molten state it is ...

8. Cast-iron ... small proportions of other substances.
(cBOICTBA, KOMITIOHEHT, KOJIMYECTBO, KOKC, CEPhIM YYT'yH,
collepKaTh, KUJIKUN, TOMCHHAS TICYb. )
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9. Haiinure B TEeKCTEe OTBETHI HA CJEAVIONHE BONPO-
Chbl:

1. What is one of the most important metals
useful to man?

2. What metals does modern industry need?

3. How is it possible to remove impurities containing in
the iron ore?

4. What does the process of smelting consist of?

5. What kind of furnace is used for smelting
of pig-iron?

6. What are the main characteristics of cast iron?

7. What constituents does the cast iron contain and how
do they affect the behaviour of the metal?

10. HazoBuTe mepeymcJeHHBLIE B TEKCTE BeIlecTBA,
MeTaJLJIbI 1 dJieMeHThI. UX moKHO0 ObITH 11.

11.CoxkpaTuTe TEKCT, COXPAHUB €ro OCHOBHOE COJAep-
JKAHUE,

12.11lepenaiiTe coaepkaHue TEKCTA NMO-PYVCCKH, IO-
AHIJIMNHCKHU, COXPAHUB MOCJIEI0BATEJIHLHOCTL IMOAAYH
uH(poOpMAIIIY B HEM.

11



WRITTEN PRACTICE
Use the words from the text to complete the table

Name Description

a) The name of very pure iron

b) An alloy containing iron and
carbon, which is easy to
shape

C) A material produced when

iron from blast furnace is al-
lowed to cool down and so-

lidify

d) the compound found in iron
ore

13. M3yuure mpaBmia nepeBona u GVHKIMHU it U that.
IlepeBeauTe IpeIIOKEHNUS.

1. The processes that were discussed are of great impor-
tance for the country's industry.

2. It is very important to find suitable engineering mate-
rials for every part of a machine or structure.

3. It was this engine that H. Diesel patented in 1892.

4. The efficiency (momHocTh) of the diesel engine is
higher than that of the other engines.

5. The viscosity of water is 30 times greater ’»-'}1

than that of air. g

6. It is known that the charge of the proton P

is equal in size but opposite in sign to the

charge of the electron.

12




7. Thorium possesses properties similar to that of ura-
nium.

8. These data can be classified into two groups.

9. He said that applications of electricity are quite nu-
merous. It is impossible to consider them in this book.
10.This particle is very small. It cannot be seen.

11.1t is impossible to formulate this idea precisely.
12.The molecular theory states that molecules are in a
state of permanent motion.

13.1t was periodic table of elements that
D. Mendeleyev discovered in 1869.

14.That there are different ways of producing an electric
current is a well-known fact.

15.1t was Yablokov who was the first to understand the
advantage of a transformer.

16.The fact 1s that it 1s the Soviet scientist Chernov who
found «critical pointsy.

17.That the earth turns round the sun i1s known
to everybody.

18.Uranium is a very heavy silvery-white metal, hard, it
1s reactive, it burns on air on warming, it takes fire in
fluorine, and sulfur combines with it at 500°.

19.The properties of those compounds are quite different.
20. Crystalline silicon has a structure similar to that
of diamond.

21.It was not until 1930 that the third type of particles,
that make up atoms was discovered.

22.That water is a compound was found at the end of the
[8th century.

23.The metals that alloy freely with aluminium are cop-

13



per, zinc and iron.

24.The nature of non-ferrous alloys differs greatly from
that of ferrous group.

25.Engineering materials are such materials that have
large industrial applications.

14. IlpoBepbTe, 3HaeTe Jiu BbI ciieayloiiue cjaoBa:
Industry, modern, ore, to smelt, smelting, amount,
non-ferrous metals, iron, ore, coke, blast furnace, pig
iron, cast iron, mould (shape), wrought iron, molten state,
quality, quantity, to possess, fluid, to remove, reduction,
impurity, constituent, brittle, to machine, cupola.

15. [logOepuTe COOTBETCTBYIOIINE AHIJIMNCKHE DKBH-
BAJICHTHI.

1. TBepaplii 1. brittle

2. KOJIMYECTBO 2. quality
3. BOCCTAHOBJICHHE 3. ore

4. cepslil UyTYH 4. fluid

5. ZIoMeHHas NeYb 5. characteristic
6. pyna 6. to smelt
7. NIaBUTh 7. reduction
8. mpumech 8. quantity
9. CBOMCTBO 9. castiron
10.xpynknii 10. to possess
11.xuaxuit 11.hard

12.00n1a1aTh, UMETH 12. impurity

14



16. IIpouuTaiite u nepeseaure Teket B. 3amaite K
€ro coaepKaHuI0 S BONpPoCcOB Pa3HbIX THIIOB.

TEXT B. PRODUCTION OF CASTINGS

Production of castings made from dif-
ferent metals requires different types of melt-
ing furnaces. The cupola furnace is usually

' used for melting grey iron. The air cupola,
' and electric furnaces are used to melt the
metal for making malleable iron castings. For
melting steel, the open-hearth, crucible or electric fur-
naces are used. Non-ferrous metals are generally melted
in crucibles or electric furnaces. The fuels mostly used
for melting metals are coke, coal, oil and gas. Besides the
different types of furnaces, different kinds of moulding
sand are also required for making the moulds for differ-
ent metals. In many cases, it is necessary as well to treat
either the metals or the castings in some special way be-
fore the castings can be used.

17. IIpouunTaiiTe, nepeBeauTe M NMEPECKAKUTE TEKCT
C.

TEXT C. THE BLAST FURNACE

The first blast furnaces were
probably very similar to those that could
be seen in some parts of India and Af-
rica in 1960s of the 20™ century. These

15



were usually small chimneys about 18 in. in diameter and
about 4 ft high, built of clay. A crude bellows operated
by hand or foot was used to blow air through holes in the
side of the furnace near the base. The furnace was filled
with a mixture of charcoal and iron ore. It was not oper-
ated continuously like the modern blast furnace, but was
blown until all the charcoal had burnt away and part of
the ore had been reduced to metal. The furnace was then
pulled down and the frozen metal removed.

Notes
in. inch (roiim)
ft. foot (pyr)
bellows BO3/IyXOAyBHbIE MEXU

Oral practice

Metallic issues

There are social, economic and environmental is-
sues associated with exploiting metal ores. Recycling
save energy and limited resources. There are drawbacks
as well as benefits from the use of metals in structures.
Some examples are shown in the table below.

Benefits Drawbacks
- they are strong - obtaining metals from ores
- they can be bent causes pollution and uses
into shape up limited recourses

16



- they can be made | - metals are more expensive
into flexible wires than other materials such as
- they are good elec- concrete
trical conductors - iron and steel can rust

Use the information in this chapter to explain the
benefits and drawbacks of using steel for girders in
buildings.

Lesson 2
Grammar: the word “one”
Text: The Kinetic Theory of Heat

IlpeaTekcTOBLIE VIIPAKHEHUS

1. 3artoMHHUTE OPOU3HONICHHUE CIESIVIOIMINX CJIOB. YTOY-
HUTE 3HAYCHHE 110 CJIOBAPIO:

kinetic /kar'netik/
equilibrium /t:kwr'libriom/
fundamental /fanda'mental/
equal /":kwal/

liquid /Mikwid/
average ['®vridz/
gaseous /'gaesias/

sufficiently /sa'fifontli/

17




evaporate /1'vaeparert/

thermal /'03:mal/
degree /dr'gri:/
cohesive /kau'hi:siv/

2. IlepeBeauTe, HEe MOJIb3YSCH CJIOBAPEM.

Solid, liquid, gaseous, iron, thermal, transform, trans-
formation, permanent, normal temperature, kinetic en-
ergy, absolute zero, intermolecular, unlimited expansion.

3. IlepeBeauTte npeaaokKeHuss, 00paniass BHUMAHHUE HA
NMOAYEPKHYTHIE CJIOBOCOYECTAHUSA.

According to — coriacHo, B COOTBETCTBUH

According to the molecular theory of matter, a hot body
differs from a cold one only in the state of motion of its
particles.

The + npun. 6 cpasHum. cm., the +npunr. 6 cp. cm. —
uem..., mem (the ... the)

The faster the molecules move, the hotter the body
seems.

Sooner or later — paHO WK TO3AHO

No longer — 6osbiie He

There come sooner or later the stage when the cohesive
forces are no longer able to keep the molecules rigidly
(renoaBuxkHO) in their places.

18



TEXT A. THE KINETIC THEORY OF HEAT

n There are three fundamental states —
* the solid, the liquid and the gaseous. We
know that any substance in nature can be
brought into each of these three states. Even
-z iron evaporates at several thousand degrees
~ and even air freezes into a solid block at suf-
ficiently low temperatures. Thus, the differ-
ence between the solid, liquid and gaseous states of a
given body depends upon its thermal condition. By add-
ing heat to a solid body one transforms it into a liquid.
By adding still more heat one may transform the liquid
into a gas. But what is heat?

According to the molecular theory of matter, a hot
body differs from a cold one only in the state of motion
of its particles. The molecules of every material body at
normal temperature are in a state of permanent motion;
and the faster they move, the hotter the body seems. If
we bring a hot body into contact with a colder one, the
fast moving molecules of the first will collide, on their
common boundary, with the slower moving molecules of
the second and transfer to them a part of their kinetic en-
ergy. Thus, the fast molecules will gradually slow down,
and the slow ones speed up, until a state of equilibrium is
reached, in which the molecules in both bodies have
equal average energies. One says that both bodies pos-
sess the same temperature, and that the "flow of heat"
from one into the other has stopped.

Thus, it follows that there should exist a lowest

19



possible temperature, or an absolute zero, at which the
molecules of all material bodies are completely at rest.
At this temperature the constituent particles of any sub-
stance will stick together, because of intermolecular co-
hesive forces, and demonstrate the properties of a solid.

As the temperature rises, and the molecules begin
to move, there comes, sooner or later, a stage when the
cohesive forces are no longer able to keep the molecules
rigidly in their places, though still strong enough to pre-
vent them from flying apart. The body is not solid any
longer, but still keeps its finite volume and one then has
matter in the liquid state. At still higher temperatures, the
molecules move so fast that they tear apart from each
other and fly off in all directions, thus forming a gas with
a tendency toward unlimited expansion.

Notes
to bring into MIPUBOJUTH B COCTOSIHHUE
to collide CTaJIKUBATHCSA
boundary rpaHuLa
at rest B COCTOSTHMH ITOKOS
to stick together 311. IPUMBIKATh IPYT K JAPYry
to fly apart 311. OTJIETaTh APYT OT Apyra
finite OTpaHUYEHHBIN
to tear apart OTPBLIBATHCS
flow MOTOK
cohesive CBSA3YIOIIMMA

20



IlocaeTekCcTOBBIE VIIPAKHEHUS

1. IlepeBeauTe, oopaniasgs BHUMaHHe Ha cVhdUKCHI,

H[!CQHKCLIZ

sufficient- sufficiently

gas- gaseous

add- adding, addition
transform- transformation
move- motion- movement
slow- slower, slowest
hot- hotter, hottest
complete- completely
rigid- rigidly

expand- expansion

2. Haliaure B TEKCTE CIEAVIONINE CIIOBOCOUECTAHUS

1. Huzkue temneparypbl P S s
2. T'azo00pa3HoOE cocTosiHUE
3. MounekynspHas TeOpHUs T s
4. BBICTPOIBMXKYIIHECS MO-
JIEKYJIBI

OO61Me rpaHuIlbl .

K MIH 3% T [

WHETUYECKasi SHEPrus e ETRED)

CocTaBHbIE YacTH
CWIBI ClLETUICHUS

5

6

7. OnunHakoBasi TemIeparypa
8

9.

10.be3rpannyHO€e pacuIupeHue

21



3. 3anoJHUTE NMPONVYCKW NOAXOASANIMMMH IO CMBICJY
CJIOBAMM:

1. There are three ... states.

2. Even iron ... at several thousand degree.

3. Air ... into a solid block at sufficiently low tempera-
ture.

4. By adding heat to a solid body one can ... it into lig-
uid.

5. The molecules of every material body ... at normal
temperature.

(mBUTaTHCS, TpEBpaIiaTh, 3aMep3aTh, OCHOBHOM, HCIa-
PATHCS)

4. 3anomHuuTe cuHoHMMBI. IlepeBeayTe Ha pPVCCKUM
SA3BIK:

To transform, to change, to convert — npeBpamars
State, condition — cocTosIHHE

Metal which i1s hardened by cold-working may be
brought back to its original state (condition) by anneal-
ing. (OTXwur).

This furnace converts the chemical energy in the fuel into
heat.

The gas engine transforms heat into mechanical energy.

22



5. Crpynnupyiite antoHuMbl. [lepeBeauTe nmpeioxkeHus :

Low, liquid, cold, high, slow, strong, fast, weak, to
slow down, solid, to speed up, hot.

1. Aluminium has high corrosion resistant qualities.

2. After melting any solid begins to expand.

3. Aluminium is too soft for making castings.

4. By varying the properties of non-ferrous metals, alloy
that are hard or soft, weak or strong, can be produced.

5. The density of any substance in the solid state is
higher than in the liquid.

6. OTBeTHLTE HA BONIPOCHI:

1. How many fundamental states are there in nature?

2. What are these states?

3. What does the difference between the solid, liquid and
gaseous states depend on?

4. How 1is it possible to transform a solid body
into a liquid one?

5. How is it possible to convert a liquid into a gas?

6. What is the difference between a hot and a cold body
according to the molecular theory of matter?

7. What is an absolute zero?

8. What happens to a substance as the
temperature rises?

7. IINCLMEHHO COKPATHTE TEKCT, COXPAHHUB €ro 0c-
HOBHOE cofep KaHue.

23



8. Ilepenaiite coaep:kaHHe TEKCTA IO-PYCCKH, TO-
AHTJIMHCKH.

9. IIpoBepbTe, 3HaeTe Ju BoI cieayiomue cJaoBa:

State, nature, evaporate, low, to depend on, to
transform, to convert, according to, matter, motion, parti-
cle, fast, boundary, slow, equilibrium, equal, average, at
rest, cohesive force, unlimited, strong, condition, solid,
liquid state, expansion.

10. U3yvuute dbvHKmuu ''one''. nepeBeauTe npeio-
JKEeHUH.

1. To determine the density of a body one must know its
mass and volume.

2. Copper is one of the metals used in the prehistoric
(moucropuyeckoe) time.

3. An elementary substance is the one which consists of
only one kind of atoms.

4. One has to remember that this reaction is followed by
an explosion.

5. Ductile (amactuunsie) materials have greater strength
than brittle ones.

6. One has to know that all objects are acted upon by
gravitation forces.

7. 1f one knows the acceleration of a body, one can eas-
ily define its speed at any time after it has started its mo-
tion.
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8. One can say that there are unlimited sources of energy
in the world.

9. While making the experiment, one has to keep the
temperature constant.

10.0ne can determine the specific gravity of the sub-
stance if one knows its weight and volume.

11.These machines are inefficient and that is why it is
necessary to replace them by new ones.

12.In order to learn the properties of a substance one
must have it in its pure form.

13.0bserving the arrangement (pacnonoxenue) of atoms
in a solid, one can better understand its properties.
14.0ne of the ways of obtaining oxygen is to decompose
water by the electric current.

15.0ne knows that the heavier the nucleus (siapo), the
denser the energy levels.

16.0ne thinks this hypothesis is doubtful.

17.0ne is to remember that as a wire becomes thicker, its
resistance is less.

18.0ne way of classifying a solid is according to its elec-
trical properties.

19.0ne may convert potential energy into kinetic one.
20.It was known that elements could unite with one an-
other in more than one proportions but one should know
that Dalton was the first to discover a simple relation be-
tween the different proportions in which the elements
combine.
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11. IlpouuTaiiTe M nepeBeIUTe TEKCT, NOJbL3VACH
cJioBapem:

TEXT B. HEAT

One must know that heat is the
transfer of thermal energy between two
bodies  which are at different
temperatures.

Heat is to thermal energy as work
is to mechanical energy. Heat flows
between regions that are not in thermal
equilibrium; in particular, it flows from areas of high
temperature to ones of low temperature. All objects
(matter) have a certain amount of internal energy that is
related to the random motion of their atoms or molecules.
This internal energy is directly proportional to the
temperature of the object. When two bodies of different
temperature come into thermal contact, they will
exchange internal energy until the temperature is
equalized. The amount of energy transferred is the
amount of heat exchanged. Sometimes one confuses heat
with internal energy, but it is a common misconception
and there is a difference: heat is related to the change in
internal energy and the work performed by the system.
The term “heat” is used to describe the flow of energy,
while the term “internal energy” is used to describe the
energy itself.

Heat transfer mechanisms. Heat tends to move
from a high temperature region to a low temperature one.
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This heat transfer may occur by the mechanisms
conduction, and radiation. The term “convection” is used
to describe the combined effects of conduction and fluid
flow. In the past, this has been regarded as a third
mechanism of heat transfer, but, logically, it is not a
mechanism of its own.

Conduction is the most common means of heat
transfer in a solid. On a microscopic scale, conduction
occurs as hot, rapidly moving or vibrating atoms and
molecules interact with neighbouring ones, transferring
some of their energy (heat) to these neighbouring atoms.

Convection is usually the dominant form of heat
transfer in liquids and gases. This is a term used to
characterize the combined effects of conduction and fluid
flow. In convection, enthalpy transfer occurs by the
movement of hot or cold portions of the fluid together
with heat transfer by conduction. For example, when
water 1s heated on a stove, hot water from the bottom of
the pan rises, heating the water at the top of the pan.

Radiation is a means of heat transfer. Radioactive
heat transfer is the one form of heat transfer which can
occur in the absence of any form of medium and as such
is the only means of heat transfer through a vacuum.
Thermal radiation is a direct result of the movements of
atoms and molecules in a material. Since these atoms and
molecules are composed of charged particles (protons
and electrons), their movements result in the emission of
electromagnetic radiation, which carries energy away
from the surface. At the same time, the surface is
constantly = bombarded by radiation from the
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environment, resulting in the transfer of energy to the
surface. Since the amount of emitted radiation increases
with increasing temperature, a net transfer of energy
from higher temperatures to lower ones results.

12. Kparko M3J0KNTE COAEePKAHME TEKCTAa HA AHTI-
JUNCKOM fI3bIKe, pacnojarasg nHdopManumw B COOT-
BETCTBHMH CO CJEAVIONIEH CXEMOM:

Heat transfer mechanisms

[Conduction] [ Radiation ]

[ Convection ]

13. /laiiTe onpeaeeHue cJaeIyIOINIMM TepMuHaMm: heat,
convection, conduction, radiation.

TEXT C. FUEL ISSUES

Fossil fuels are non-renewable and they cause pol-
lution. The need to develop alternative fuels is becoming
more urgent. Hydrogen has advantages as a fuel. It burns
easily and realizes a large amount of energy per gram. It
produces no carbon dioxide when it is burnt, only water.
Hydrogen can be burnt in combustion engines or can be
used in fuel cells to power vehicles. Hydrogen can be
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produced from renewable sources. The disadvantages of
using hydrogen include supply, storage and safety prob-
lems. Vehicles that use fuel cells need to much the per-
formance, convenience and costs of petrol and diesel ve-
hicles.

Omeemvme Ha 60npocyl
1. Why are cars fuelled with hydrogen being developed?
2. Suggest three problems that need to be overcome to

make hydrogen suitable fuel for cars.

For you to know.

James Joule /d3u:l/ (1818-1889), was the first

scientist to realize that there are many different types of
energy, for example...

Light energy

Sound energy

Kinetic (movement) energy

Gravitational potential energy

Thermal (heat) energy

Chemical energy

Electrical energy

called Joules, named after James Joule.

- .l Energy is measured in units
>
= Energy can’t be created or de-

stroyed, but it can be changed from
= "ﬁw one form to another, or transferred

29



from one place to another. Energy changers are devices
that can change or transfer energy. Some energy-
changing devices are given in this table.

Device

Energy change

Kettle

Electrical energy into thermal energy.
For example, it takes 500 kJ to boil a
kettleful of water.

Car engine

Chemical energy (in fuel) into kinetic
energy. For example, it takes 100 kJ to
accelerate to 30 mph.

Human

Chemical energy (in food) into kinetic
energy (to move) and thermal energy to
keep warm. An average person uses
11 000 kJ a day.

Microphone

Sound energy into electrical energy.

Loudspeaker

Electrical energy into sound energy.

Torch

Chemical energy (in batteries) into light
and thermal energy. (The thermal energy
heats up the bulb. It is not useful, so it’s
called wasted energy).

Diver

Gravitational potential energy into ki-
netic energy. As a diver falls from a div-
ing board, his speed increases as more
energy is changed into kinetic energy.

What do energy changers do?
What types of energy do you know? Give the definition

of each of them.
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@ Listen to the text about James Joule. Retell it.

Lesson 3
Grammar: general revision of "it, that, one"

TEXT A: HEAT TREATMENT OF STEEL

It is possible to change the characteristics of steel
in various ways. Steel which contains very little carbon
will be milder than that which contains a higher percent-
age of carbon up to the limit about 1,5%. One can heat
the steel above a certain critical temperature, and then al-
low it to cool at different rates.

At this critical temperature changes take place in
the molecular structure of the atom. In the process known
as annealing, we heat the steel above the critical tempera-
ture and allow it to cool very slowly. The
metal becomes softer than before, and its
machining becomes easier.

One can make steel harder by
rapid cooling. We heat it up beyond the
critical temperature and drop it in water or some other
liquid. Then we heat it again to the temperature below
the critical one, and cool it slowly. This treatment is
called tempering. It makes the steel less brittle. The
properties of temperatured steel allow us to use it in the
manufacture of tool which need a rather hard steel. High
carbon steel is harder than the temperatured that, but it is
much difficult to work. These heat treatments take place
during various shaping operations.
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Notes

annealing OTKUT

to drop NOrpy>KaTh
tempering OTIYyCK /cTanu/
treatment o0OpaboTka

1. Answer the following questions:

1. How is it possible to change the characteristics
of steel?

2. What is annealing?

How can one make steel harder?

Describe the process of tempering.

Where is the tempered steel used?

When do the heat treatments take place?

SN R

TEXT B. ACCELERATION

It is known that the simplest kind of motion is such
motion in which a body moves along a straight line with
a constant velocity, the word “velocity”
meaning both size and direction of the
motion. When interested only in the size
of the motion, we use the word “speed”.

If the velocity is not constant we have an
acceleration, the latter being defined as
the time rate of change of velocity; it is used in order to
denote either an increase or a decrease of speed. It 1s im-
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portant to understand that an acceleration is not fully de-
termined when we do not know the time required to
change the speed.

The simplest case of accelerated motion occurs
when the velocity of a body moving in a straight line
changes by equal amounts in equal intervals of time. It is
in this case that the acceleration is called “constant” and
the motion “uniformly accelerated”.

When a body is acted upon by an “unbalanced”
force, it has an acceleration in the direction in which the
force acts. In this case, the acceleration is proportional to
the force applied. By an “unbalanced” force we mean
each push or pull which acts in one direction with a
greater strength than in the other. For example, a locomo-
tive 1s pulling a train at a constant speed of 50 miles an
hour. The engine is exerting a force on the train. It is
known that there are other forces, due to friction and air
resistance, which act in the opposite direction. It is these
forces that balance the pull of the engine.

2. Answer the following questions:

1. What is the simplest kind of motion?

2. What does the word “velocity” mean?

3. If we are interested only in the size of the motion,
what word do we use?

4. What is acceleration?

5. Give an example of acceleration.
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TEXT C. MECHANICS

That the object of physics is the study of the things

surrounding us in nature is known to everybody. It is in
physics that we deal with the phenomena and processes
in the world of nature, which are similar with those dealt
with in chemistry.
9 <-C.; The fact is that physics is divided into
. five divisions: mechanics, heat, electricity,
sound and light. We’ll have to deal with me-
chanics rather than with other branches of
physics and it is for this reason that we
should have a precise and clear ideas of this subjects. Me-
chanics is that branch of physics which studies the motion
of bodies. Kinematics is that part of mechanics which deals
with motion, and does not deal with the body that is moved
or with the forces causing motion. It is dynamics that deals
with the action of forces that cause motion.

That statics and kinetics are parts of dynamics is
known to everybody; the former studying forces that keep a
body in equilibrium, and the latter studies how a body will
move when it is acted on by a given set of forces. It is also
studies what set of forces may cause a given type of mo-
tion. The matter is that statics is simpler than kinetics.

Notes
the former MIEPBBIN U3 YIIOMSHYTBIX
the latter BTOPOM U3 YIOMSIHYTBIX
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. Answer the following questions:

What is the object of physics?

What do we deal with in physics?

What branch of physics is mechanics?

What is kinematics (dynamics)?

. Is there any difference between statics and kinetics?
What is the difference?

T

4. Analyse the sentences with it, one, that. Define the
functions of these words.

TEXT D. KINDS OF FORCES

Force is usually defined as a push or pull which
tends to cause a body to change its state of rest or of uni-
form motion in a straight line. Our aim is to consider two
kinds of forces. When a body that is in motion and there-
fore possesses kinetic energy, is acted upon by a force, it
loses its kinetic energy. When thrown vertically upwards,
a body is acted upon by the forces of gravity, but this
force continues to act and pulls the body back to its start-
ing points. It is at this staring point that the body recovers
its kinetic energy. The same is true when a moving body
is arrested by the stretching or bending forces, due to the
gravity and elasticity, respectively, which depend only on
the position of the body or the relative position of the
parts of a system of bodies at any moment, but not the di-
rection or magnitude of the motion at that moment. It is
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these forces that are called positional.

That the case is very different when the arresting

force is friction is quite evident, this

force depending on the action of the
body. In this case, one sees that the
body, for example, a train or an auto-
mobile, simply comes to rest, and the

force does not help it to recover its kinetic energy ex-
pended. Friction opposes the motion of the body in what-
ever direction the body may be moving. A force depend-
ing on the state of motion of a body is called a motional
forces.

S. Answer the following questions:

1.

2.

e

When does a body in motion lose its
kinetic energy?

What force acts on a body thrown
vertically upwards?

. Does the body recover its kinetic energy if it has re-

turned to its starting point?

What forces are called positional ones?
What forces do positional forces depend on?
What force is called a motional force?

6. Retell the text.
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e Listening practice

o |" |
‘? %f; \7 g I New words and expressions
. . > .l'lI

Gantry — nopTanbHbIii (KpaH Ha
matdopme)

Beams — 371. 6anka

To bolt - ckpennsate OonTamu

Core - HACKBO3b

To adjust — perynupoBath, BHIBEPSITh

play pause stop

Victor, an engineer from German company that
makes and installs industrial gantry cranes, is phoning
Rajesh, the construction manager of a manufacturing
plant currently being built near New Delhi, India.

They are discussing the gantry crane due to be in-
stalled at the plant. Listen to the conversation and an-
swer the questions.

1. Why are holes needed in the concrete walls?

2. What are core drilled holes and what are preformed

holes?

In this context, what is meant by play?

4. What impact will the lack of the play around the bolts
have (on the construction)?

5. Apart from technical questions, what two issues will
determine the most feasible way of forming the holes?

W
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Lesson 4
Grammar: Would, Conditional clauses.
Text: Expansion

IIpearexkcroBbie ynpasKHeHUs

1. 3anoMHUTE NPOU3HOINICHHUE CJACAVIOIMX CJA0B U
VTOYHHUTE MO CJAOBAPIO UX 3HAYECHMUE:

expand /iks'paend/
zinc /'zigk/
expansion /1ks'paenfn/
metre /'mi:ta/
special /'spefal/
millimetre /mili'mi:ta/
precise /pr1'sais/
breadth /"bred®/
aluminium /elo'mimiom/
cubic /kju:bik/

for instance /for 'mstons/
increase, v /im'kri:z/
increase, n /"imkri:s/
platinum /'pleetinom/
wire /'wara/
liquid /Mikwid/
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2. IlepeBeauTe CaeAVIOIINE CJI0BA, HE MOJIb3VACHh CJI0-
Bapem:

Special, instrument, metal, aluminium, metre, mil-
limetre, steel, cubic, litre, platinum.

3. IlepeBeauTe nNpeuIoKEeHHs, 00paiass BHUMAHUE
HA CTeNEeHH CPABHEHHUS NPUJIATaATeJbHBIX:

1. Almost all solids expand more or less when heated.

2. Aluminium expands less and zinc more than other
common metals.

3. A steel metre rod would be 1.3 millimetres longer, if
we raise the temperature from 0° to 100°.

4. Liquids expand more than solids.

5. Some liquids expand even more than water.

TEXT A. EXPANSION

Almost all solids expand more or |
less when heated, but this expansion is | .
very small. In order to see it, the special |
instruments are used. Very precise in-
struments show that different metals ex- |
pand at different rates. Aluminium, for
instance, expands less and zinc more than other common
metals. If we made a platinum wire one meter long at 0°
C, it would be one metre and nine millimetres long at
100°C. Similarly, a steel metre rod would be 1.3 millime-
tres longer if we raise the temperature from 0° to 100°C.
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On determining how much a given object, such as steel
rod, will expand, it is necessary to know three things
about it: namely, its length, the rise of temperature and
the rate of the expansion of the substance used.

A metal wire, if heated, expands not only in length
but also in breadth and thickness, in other words, its vol-
ume increases, such expansion being called cubic expan-
sion. Liquids expand more than solids. For instance, if
you heat a litre of water from 0° to 100°, it will increase
in volume about 40 c. If you heated a piece of steel of the
same volume, it would expand only 3.9 c. Some liquids
expand even more than water.

Notes
precise TOYHBIN
similarly no100HBIM 00pa3oM
rod CTEPKEHb
object npeaMeT
breadth HIMpUHA
namely a UMEHHO

ITocjieTeKCTOBBIE YIIPAKHEHHS

1. IIpoanaausupviite GpyHKIHUU CJI0B «it», «thaty mn
“would”, BcTpeuanmecss B NpeaioKeHUsIX JTAHHOT 0
TEKCTA.
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2. IlepeBeauTe cJoBa, o0pamass BHUMAaHHEe HA cv(-
pukcol 1 npedpuKcol.

to expand — expansion

to differ — different — difference
similar — similarly

special — specially — speciality
precise — precisely

thick — thickness

long — longer — length

broad — breadth

3. HaiiauTe B TeKCTE CJACAVIONINE COUCTAHUS

TouHblE HMHCTPYMEHTBI, PA3JIUYHBIC METAJUIBI, C
Pa3IUYHON CKOPOCTHIO, OOBIYHBIE METAJUIbI, TIATHHOBAS
IIPOBOJIOKA, CTAIIBHON METPOBBIN CTEPKEHb, ITOBBILICHUE
TEMIIEpaTypbl, CKOPOCTb pPACUIMPEHUs, KYCOK CTallH,
OJIMHAKOBBIA 00BEM.

4. IlepeBeauTe HA PYCCKHH SI3BLIK CJCAVIONIHE COYe-
TAHUSA:

Metal wire, in other words, its volume increases,
cubic expansion, special instruments, it is necessary to
use, a given object, in length, in breadth, in thickness, for
instance, the same, even more than H,O.
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5. JanmomMuuTe CJEAVIONIHME CHHOHMMBI. 3aMeHHTe
NMOAYEPKHYTHIE CJI0BA CHHOHUMUWYHBLIMU. [lepeBeaure
NpeaI0KeHusl.

instruments, tools — UHCTPYMEHTBI
to use, to employ, to apply — npumeHsTh

For the temperature rise control the special instruments
will be employed.

The applied tools will allow to analyse this complex phe-
nomena very precisely.

For this purpose one must use tool steel number 66 and
94.

6. 3anomuurte caeavionime aunTtoHuMbl. IlepeBenurte
npeLI0KeH.

expand, contract — paciMpsaTh, CKUMATh

1. Many substances will expand if we heat them — they
will become bigger or longer.

2. Many substances will contract if we cool them —
they will become smaller or shorter.

increase, v /in'kri:s/ YBEIINYUBATh
decrease, v /di'kri:s/ YMEHbIIIATh
increase, n /'t:nkris/ YBEIIMYECHUE

1. The heat of vaporization decreases with 'increase in
molecular weight.
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2. Nickel increases strength and hardness of steel.

7. 3amoJIHUTE NMPONYCKH MOIAXOAAIIMMH IO CMBICJIY
CJI0BaMM:

1. Almost all ... expand more or less when heated.

2. Aluminium ... less and zinc more than other common
metals.

3. When the volume increases such expansion is called ...

4. Liquids ... more than solids.

5. Some liquids expand more than ...

(xybuueckoe, BeIIeCTBO, BOJIA, JKUJIKOCTH, PACIIUPITHCS)

8. Ckaxxure, COOTBETCTBYIOT JIM JAHHbIE YTBeEp:XK/e-
HHUSI __ CONAEPKAHUI0 _ NPOoYMTAHHOrO. Ilojb3yiiTech

dopmy.Joii:

It is right Sorry, you are mistaken
It is wrong Quite correct

1. Almost all solids expand when heated and this expan-
sion is very great.

2. Different metals expand at the same rate.

3. 1n order to see expansion it is necessary to use special
instruments.

4. Aluminium expands more and zinc less than other
common metals.

5. A metal wire if heated expands only in the length.

6. Some liquids expand more than water.
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9. OTBeTHTE HA CJACIVIOINE BONPOCHI.

1. What happens when bodies are heated?

2. Do metals expand at the same or different rate?

3. How long would a platinum wire of one metre long be
at 100°C?

4. What is the expansion in volume called?

5. Are there any liquids that expand more than water?

10. IlepenaiiTe coaep:kaHNe TEKCTa NMO-PYCCKH, IO-
AHIJIMICKHU, COXPAHUB MOCJIEI0BATEJIHLHOCTL IMOAAYH
uH(poOpMAIIY B HEM.

11. U3vuuTe mpaBujia nepeBoaa VCJIOBHBIX MPENI0-
JKEeHU M.

12. IlepeBeauTe caeavioniye npeiioKeHus, oopamas
BHuUMaHue Ha (Gvakimu "would" M TMIOBLI VCJIOBHBIX
npe10KeHUuM.

1. Charged particles cannot be used for nuclear experi-
ments if they are not accelerated.

2. Gas becomes ionized if exposed to ultraviolet light.

3. Iron rusts slowly when exposed to the air unless it is
heated to a high temperature in contact with oxygen.

4. If we want to know the size of a body, we have to

measure it. @ —
5. If there were no electricity, indus- ol

. g 3‘{;\1 il | [
try would not develop so rapidly. - =
6. If the temperature remained con- J ;”’# /
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stant, no expansion would take place.

7. Were the temperature raised, the physical properties
of iron would change.

8. Glass, when it 1s hot, conducts current much better
than it would were it cold.

9. If he experimentally tested his data, he would publish
them.

10.If high-energy protons hit a molecule, ionization will
result.

11.1f two or more pure metals are mixed in molten state
(pacmiaBienHoe coctosiHue), we shall have an alloy after
cooling.

12.1f the two elements form a solid solution, the alloy
will be harder and stronger.

13.1f air-cooled engines were used, the plane would have
greater reliability (HagexHOCTB) in operation.

14.1f some air were allowed to mix with hydrogen, the
reaction would take place with a characteristic sound.
15.Were the resistance to flow increased, the volume of
gas would be decreased.

16.Had not enough air been admitted to the fire, a part of
the fire would have been converted into carbon monox-
ide.

17.1f phosphorus tin is used and alloyed with copper, bet-
ter results will be obtained than if the phosphorus is
mixed with the copper.

18.We were told that the experiment would be completed
in the shortest time.

19.Had he finished his experiment last week, he would
have got the necessary results.
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20.Professor Roentgen proved that the rays would pass
through solid substances.

13. PackpoiiTe CKOOKH, YyHOTPEOJsAsd COOTBETCTBYIO-
iy dopmy raarojga. Onpeaejgure THI YCJIOBHOIO
npemrioxkenus. [lepeBeaure npeaioKeHUs.

1. If we (to heat) a solid body or a liquid, they will usu-
ally expand.

2. The motor car (to move) very quickly, provided it had
had a powerful motor.

3. If we (to know) the dimensions of the body we would
calculate its volume.

14. IlepeBeauTe Npe10KEeHU HA AHTJINHCKHUN A3BIK.

1. MpbI OBl OMYYWIIH JIYYITUE Pe3yJIbTaThl, €CITU OBl MC-
MOJIB30BaJM IPYTrOM MaTepual.

2. DT0 BeIeCTBO MOKHO ObLIO OBl ONPEETUTh, €CIIU Obl
MBI 3HAJIM CBOMCTBA, KOTOPBIMH OHO O0J1a/1aeT.

15. IIpoBepbTe, 3HAETE JIH BbI CJEAVIONINE CJI0BA:

Solid, to expand, expansion, to contract, contrac-
tion, special, tool, to show, wire, rod, platinum, similar,
steel, to raise, necessary, length, breadth, thickness, vol-
ume, cubic, ratio, to apply, instrument, to employ, pre-
cise.
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16. [log0epuTe COOTBETCTBYIOIINE AHIJIMNCKHE DKBH-

BaJICHTDI.

| pacmmpenne
2 IpUMEHSATH
3 CKOpOCTH

4 cxxatue

5 nmpoBoJIoKa
6 nnuHa

7 TOUYHBIN

8 MOXOKHM

9 uHCTpYMEHT
10 Tonmmuna
11 noBeimIaTh
12 TBepoe BemecTBo
13 00beM

1 similar

2 to rise

3 contraction
4 tool

5 thickness
6 expansion
7 velocity

8 precise

9 length

10 wire

11 to apply
12 volume
13 solid

17. IloBTOPUTE OCHOBHBLIE MOJEJH VCJIOBHBLIX HMpPeI-

JoxkeHuu. Packpoiite cKOOKHM, ynoTpe0Jisis COOTBET-

CTBYIOIIVIO (popmMy rJiaroJa.

IlepeBeauTe TEKCT

IINCHbMECHHO.

Example:

1. The body will expand if you heat it.
2. The body would expand if it were heated.

3. The body would have expanded if it had been heated.
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TEXT B. WHAT IS TEMPERATURE?

In a qualitative manner, we can describe the tem-
perature of an object as that which (to determine) the
sensation of warmth or coldness felt from contact with it.

s If two objects of the same material
] (to place) together (physicists say when
they are put in thermal contact), the ob-

ject with the higher temperature (to cool)

while the cooler object (to become)

_ warmer until a point is reached after
A which no more change occurs, and to our

. senses, they (to feel) the same. When the
thermal changes have stopped, we (to say) that the two
objects (physicists define them more rigorously as sys-
tems) (to be) in thermal equilibrium. We can then (to de-
fine) the temperature of the system by saying that the
temperature is that quantity which is the same for both
systems when they (to be) in thermal equilibrium.

If we (to experiment) further with more than two
systems, we (to find) that many systems can be brought
into thermal equilibrium with each other. Thermal equi-
librium does not depend on the kind of object used, i.e. if
two systems (to be) separately in thermal equilibrium
with a third, then they must also be in thermal equilib-
rium with each other, and they all (to have) the same
temperature regardless of the kind of systems they are.

If three or more systems are in thermal contact
with each other, and all in equilibrium together, then any
two taken separately (to be) in equilibrium with one an-
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other (the zeroth law of thermodynamics).

Now one of the three systems could be an instru-
ment calibrated to measure the temperature — i.e. a
thermometer. When a calibrated thermometer (to be put)
in thermal contact with a system and it (to reach) ther-
mal equilibrium, we then have a quantitative measure of
the temperature of the system.

18. IlpounTaiite TekcT. JlaiiTe cjeaymoiime onpejeJe-
HUA HA aHIIMicKOM si3bike: Temperature, The quan-
tity of heat u Specific heat

TEXT C. HEAT

= = It is very important not to confuse
quantity of heat and temperature. Tempera-
\‘_'; ture is the intensity or degree of heat while

the quantity of heat is the actual amount of
kinetic energy that a certain body contains. For example,
if we have two blocks of the same substance, one exactly
twice as large as the other, but both at the same tempera-
ture, the larger block will contain twice as much energy
as the smaller block because it contains twice as many
molecules. Each molecule has the same vibrations and
therefore the same kinetic energy at any one temperature.
This consideration leads to a property of substances
known as specific heat. It is defined as the amount of
heat necessary to rise the temperature of one gram of the
substance at one degree Centigrade (C). Specific heat is
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expressed in calories per gram per degree centigrade, one
calorie being the amount of heat necessary to rise 1 g. of
water from 14.5° to 15.5°C. The specific heat or heat ca-
pacities of materials are of great importance in calcula-
tions involving the heating of furnaces, the drying of ma-
terials, the distillation of petroleum and the melting op-
erations.

Notes

twice as much energy BJIBO€ OOJIbIIIE DHEPTUH
in calculations involving B pacudeTax, BKIIOUYAIOIINX
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Reading practice

HEAT LOSS IN THE HOME

Energy is used to heat
your home, but some energy
will be lost in various ways. In
a cold day a badly insulated

- house can lose up to 10 000 J
per second. This is wasted en-
ergy. Wasted energy that has

been generated in thermal power stations means that
more fuel is burned than necessary and more polluted
gases are released into the environment. Polluted gases
can contribute to global warming and could cause prob-
lems for humans, plants and animals. You can reduce the
amount heat energy lost in a building by improving the
insulation.

Efficiency is a measure of how much energy is

used compared with how much energy is wasted in a

given situation.

amm

Questions:
1. Give one way to reduce energy loss in the home.
2. What formula is used to calculate efficiency?
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Lesson 5
Grammar: Subordinate Clauses
Text: Early Methods of [ron Making

IlpeaTeKkcTOBLIE VIIPAKHEHUS

1. 3amoMHUTE IPOUZHOIIIEHUE CIEAVIONINX CIOB U
VTOYHUTE O CJIOBAPIO UX 3HAUCHUS

ornament /'9:nomant/
archaeologist /aki'plad3ist/
ancient /'einfont/
corrodibility /ka'roudibilrti/
implement /'tmplimant/
weapon /'wepan/
wipe out /'waip 'aut/
charcoal /'tfa:koul/
shallow pit /'feelou pit/
spongy /'spondzi/
alternate /'5:1tanert/
bamboo /oem'bu:/
clay /kler/

wax /weaeks/
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2. IlepeBenuTe CJeAYIONINE CJA0BA, HE MOJb3YVACH CJIO-
Bapem:

Gold, silver, copper, to smelt, charcoal, slag, mix-
ture, bottom, top, furnace, steel, cast iron, industry.

3.I1epeBeaurTe mpeIoKeHsI, 00palasgs BHUMAaHUe HA
BbIICJCHHLIE CJI0BA.

According to — B COOTBETCTBHH C, COTJIACHO
According to some archeologists, the use of bronze fol-
lowed the use of the native metals by the ancients.

Because of — u3-3a
Many modern metallurgists disagree with this because of
the difficulties involved in smelting copper-alloys.

Until — g0 Tex mop noka, 10

The new method spread rapidly although the old direct
methods of making iron persisted until comparatively re-
cent times.

TEXT A. EARIY METHODS OF IRON MAKING

Probably the first metals used by man
were gold, silver and copper, which were
found in the native or metallic state and used
principally as ornaments. According to some
archaeologists, the use of bronze followed
the use of the native metals by the ancients.
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Many modern metallurgists disagree with this because of
the difficulties involved in smelting copper-alloys. Their
belief is that iron antedated the use of bronze by a con-
siderable period of time, but the easy corrodibility of iron
implements and weapons has wiped out all traces of its
early use and left bronze as the earliest remains of
smelted metals. Although this idea has not been proved,
it is quite probable that it is true since iron can be re-
duced from its ores much more readily and by cruder
methods than copper or tin. Also the ores of iron are con-
siderably more widely spread than those of other metals,
particularly tin.

Easily reducible iron ore, mixed with charcoal,
was smelted in shallow pits made in the ground. The
blast was furnished by a crude bellows and was intro-
duced through an underground tube. The product was an
impure mixture of spongy iron, slag, and unreduced ore.
This was again mixed with charcoal and resmelted, and
the hot waxy mixture of iron and slag was hammered
into various shapes.

A very old method of iron production was prac-
tised in India. The furnace was round and of open con-
struction, built of clay, was 2 to 4 ft. high, about 9 in. in
diameter at the bottom and 6 in. at the top. It had two
openings near the bottom, one for working the furnace
and the other for inserting a bamboo blast pipe which
was connected to a goat-skin bellows. The ore was fed in
alternate layers with charcoal, and after several hours of
blowing a pasty mass of iron was withdrawn and
pounded to free it partly from slag.
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A very good steel was produced in India from this
type of iron. After repeated smelting and cutting it into
small pieces the iron was mixed with a particular wood
and fused in a clay crucible which was placed in a shal-
low pit and fired by charcoal.

The increased furnace temperature, which resulted
from introducing water power to work the bellows,
melted the iron, and it ran from the furnace in fluid form
for the first time. This was the beginning of the cast iron
industry. The new method spread rapidly although the
old direct methods of making iron persisted until com-

paratively recent times.

in the native state
involved in smelting
corrodibility

left bronze as the ear-
liest remains of

smelted metals

for working the furnace
in shallow pits

was withdrawn
was fired by charcoal

cast iron industry

Notes

B CAMOPOJIHOM COCTOSIHUU
CBSI3aHHBIX C BBITLIABKOM
CIIOCOOHOCTD MOJIBepraThCs
KOPPO3UH, OKUCISIEMOCTD
ocTaBuia OpOH30BBIC U3ACIUS B
KauecTBe Haubolsiee JpEeBHUX
MaMATHUKOB METAJJIOB, BBITIIAB-
JICHHBIX U3 Py

JUIs yIpaBJiIeHHs paOOTOM Mmedn

B HEOONBIINX (BBITJIABICHHBIX
U3 pya) yriyOJaeHusx
U3BIIEKAJIach

HarpeBajach TIAMEHEM JIpeBeC-
HOTO YTJIs

YYT'YHHO-JIUTCHHAS  TMPOMBIIII-
JICHHOCTh
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IlocjaeTeKkCTOBBIE VIIPAKHEHUS

1. HaiiauTe B TeKCTE NPUIATOYHBIC NMPEII0KEeHUN |
onpenaeJanuTe uxX BUJI

2. IlepeBeauTe cJoBa, o0paimas BHUMAaHHE HA cv(-
pukcol 1 npedpukKcol.

metal metallic
principal principally
corrode corrodibility
wide widely

pure impure

mix mixture

smelt resmelt
compare comparatively
wide - width widely

3. HaiiauTe B TeKCTE CJACAVIONINE CJIOBOCOYCTAHNUSA.

Jlerko BOCIUTaMeHsieMas Kelle3Has pyzAa, MOI3eM-
Has TpyOa, MPOCThIC KOJKAHBIE MEXa, HEBOCCTAHOBIICHHAS
pyna, paziuunbie (GopMmbl, okosio 9 ¢yTOoB B quamerpe,
ryovaroe Keye3o0, YepemyroIIuecs: CJIOW, TJIWHSHBIN TH-
reinb, TeCTO00pa3Has Macca.
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4. 3anoJHuTe IIPOIIYVCKHU NOAXOAAINMMHA 110 CMBICIIY
CJ10BaMM.

1. Probably the first metals used by man were
found ... or metallic state.

2. The blast ... by a crude bellows.

3. The hot waxy mixture of iron and slag was hammered
into ...

4. The increased furnace temperature melted the iron
and it ran from the furnace in ... for the first time.
(various shape, was furnished, fluid form, in the native
state)

5. IlepeBeauTe nNpeIoKeHU HA AHTJIHNCKAT A3LIK.

1. Jlerko BoccTaHaBnMBaeMas >KeJie3Has pyJa CMEIINBa-
J1aCh C IPEBECHBIM YIJIEM.

2. IIpocTble KOXaHBIE ME€Xa HAarHeTaJd BO3AYX Yepes
MOA3EMHYIO TpYOy.

3. Tlocne MOBTOPHOU MEPEIIABKUA MITKOE JKEJIE30 KOBa-
JIOCh B pa3InyHbie POPMBI.

6. OTBeTHLTE HA BONPOCHI:

1. What were the first metals used by man?

2. What enables us to think that the use of iron antedated
the use of bronze?

3. Which metal is more corrodible: iron or bronze?

4. Which of the three metals — iron, tin, copper — is
the most widespread?
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7. CokpaTuTe TEKCT, COXPAHHUB €ro OCHOBHOE CoJep-
JKAHUC.

8. Ilepenaiite coaep:kaHHe TEKCTA IO-PYCCKH, TO-
AHTJIMHCKH.

9. U3yuuTe NpaBWJIa NepeBoaa NPWIATOYHLIX Mpe/I-
JoxkeHuu. IlepeBeaure caeavionme NnpeIoKeHUS H
MPOAHAJIUZHUPVYITE UX CTPYKTYDPY.

1. Since almost no iron exists free in nature, it came into
general use somewhat later.

2. This definition is used by us as it is rather precise.

3. The temperature fell to zero as the fire stopped burn-
ing.

4. Man’s next use of iron was to fashion tools so that he
could make life easier for himself.

5. Mechanics is the science concerning

forces and the resulting motion of mate- - **“‘"]‘*::- '
rial bodies that are subjected to various | =

- )

kinds of forces. e AN

6. Force 1s a quantity with which everyone
is familiar.

7. In order to be measured, forces must be compared by
means of a basic unit.

8. Weight is a force, whereas mass is a measure of how
great an effect a force may have on the object.

9. A mechanical system is defined as anything that is
composed of matter.
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10.That heat is a form of energy is well known.
11.Whether this reaction will take place is unknown.
12.The decision of the commission was that the discov-
ery was of great importance to industry.

13.Whether an element exists at room temperature as a
gas, liquid, or solid depends upon the nature of the forces
or bonds holding the various units of the elements to-
gether.

14.That solids are made up of atoms and molecules is
known to every student.

15.The question is whether the pressure is high enough
to continue our experiments.

16.We know that solids materials are composed of crys-
tals, fibers, grains, or similar units arranged in some
geometrical pattern.

17.1t has been noted that the addition of a neutron pro-
duces isotopes (such as heavy hydrogen which is an iso-
tope of hydrogen).

18.We know elements of the same atomic number but
different atomic weights are called isotopes.
19.Germanium belongs to the class of materials we know
as semiconductors.

20.The sand which is used for making moulds should be
refractory (OorHeyNoOpHBIit).

10. IIpoBepbTe, 3HAETE JIU BbI CJEAVIONIHE CJI0BA

Native state, to involve, belief, to antedate, cor-
rodibility, implements, to wipe out, trace, to reduce, shal-
low pits, crude bellows, underground tube, spongy iron,
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unreduced ore, various shapes, alternate layers, pasty
mass, fluid form, cast iron industry, comparatively.

11. Hajinure onpeaeauTelbHbie IPHIATOYHbIE MpPe/I-
JOKeHHSI M NMOCTABbTE B HaYaJjie X COK3HOE CJI0BO C
OTHOCAIIMMCS K HeMy npeaiaorom. Ilpenioxenus mne-
peBeauTe HA PYCCKMI SA3bIK.

1. The Academy, M. V. Lomonosov worked in, was es-
tablished by Peter I.

2. Any mineral, a metal can be obtained from, is called
ore.

3. Water is one of the things man cannot live without.

4. Chemistry deals with the properties, composition and
structures of the materials our world and all that it con-
tains, are composed of.

5. The laboratory, we work 1n, is equipped with modern
apparatus.

12. IlpouuTaiiTe M nepeBeaIUTe TEKCT, NOJbL3VACH
ciaoBapeM. KpaTko pacckakute 00 HCTOPHH 30J10TaA U
cepedOpa HA AHTJIMHCKOM SA3BIKE.

TEXT B. A SHORT HISTORY OF METALS

Currently there are 86 known metals. Before the
19th century only 24 of these metals had been discovered
and, of these 24 metals, 12 were discovered in the 18th
century. Therefore, from the discovery of the first met-
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als — gold and copper until the end of the 17th century,
some 7700 years, only 12 metals were known. Four of
these metals, arsenic, antimony, zinc and bismuth, were
discovered in the 13™ and 14™ centuries, while platinum
was discovered in the 16th century. The other seven met-
als, known as the Metals of Antiquity, were the metals
upon which civilization was based. These seven metals
were: gold, copper, silver, lead, tin, iron, mercury.

These metals were known to the Mesopotamians,
Egyptians, Greeks and the Romans.

Gold. Gold articles are found extensively in antiq-
uity mainly as jewelry e.g. bracelets, rings, etc. Early
gold artifacts are rarely pure and most contain significant
silver contents. This led to the ancients naming another
metal — electrum, which was an alloy of gold and silver,
pale yellow and similar in colour to amber. Therefore,
early gold varied from pure through electrum to white
gold. The symbol for gold is Au from the Latin “aurum”
meaning shining dawn.

Stone age man learned to fashion gold into jewelry
and ornaments, learning that it could be formed into
sheets and wires easily. However, its malleability, which
allows it to be formed into very thin sheet (0.000005
inches), ensures that it has no utilitarian value and early
uses were only decorative. As gold is a noble metal, be-
ing virtually noncorrosive and tarnish free, it served this
purpose admirably.

Gold is widely dispersed through the
earth's crust and is found in various types
of deposits. Since gold is found uncom-
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bined in nature, early goldsmiths would collect small
nuggets of gold from stream beds etc., and then weld
them together by hammering.

Silver. Although silver was found freely in nature,
its occurrence was rare. Silver is the most chemically ac-
tive of the noble metals, is harder than gold but softer
than copper. It ranks second in ductility and malleability
to gold. It is normally stable in pure air and water but
tarnishes when exposed to ozone, hydrogen sulfide or
sulfur. Due to its softness, pure silver was used for orna-
ments, jewelry and as a measure of wealth. In a manner
similar to gold, native silver can easily be formed. Sil-
ver's symbol is Ag from the Latin “argentum”.

Galena always contains a small amount of silver
and it was found that if the lead was oxidized into a
powdery ash a droplet of silver was left behind. Another
development in this process was the discovery that if
bone ash was added to the lead oxide, the lead oxide
would be adsorbed and a large amount of material could
be processed. By 2500 BC the cupellation process was
the normal mode of silver manufacture.

13. IIpouyurtaiite Tekct. CooTHECHMTE HA3ZBAHUSA OC-
TABHIUXCH W3 7 METAJJIOB M X XaPAKTEPUCTHKM.

TEXT C. IRON, COPPER, TIN, LEAD, MERCURY
The use of this metal in antiquity is more signifi-
cant than gold as the first tools, implements and weapons

were made from it. The symbol for this metal is Cu and
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comes from the Latin “cuprum” meaning from the island
of Cyprus.

Malachite, a green friable stone, was the source of
this metal in the early smelters. Although this metal can
be found free in nature, the most important sources are
the minerals cuprite, malachite, azurite, chalcopyrite and
bornite. It 1s reddish coloured, malleable, ductile and a
good conductor of heat and electricity.

This metal is not found free in nature but Galena
(its sulfide) was used as an eye paint by the ancient
Egyptians. The production of metallic form of this metal
from its ore is relatively easy. At first it was not used
widely because it was too ductile and the first uses of this
metal were around 3500 B.C.

The ability of the metal to flow and collect at the
bottom of the campfire is an important concept in process
metallurgy.

Smelted copper was rarely pure, in fact, it is clear
that by 2500 BC the Sumerians had recognized that if
different ores were blended together in the smelting
process, a different type of copper, which flowed more
easily, was stronger after forming and was easy to cast,
could be made.

It is not found in nature in its native state. Tin was
reduced by charcoal and at first was
thought to be a form of lead. It is highly
malleable and ductile and has two allo-
tropic forms. It is highly crystalline. It is
also quite resistant to corrosion.

It was also known to the ancients
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and has been found in tombs dating back to 1500 and
1600 BC. It, also known as quicksilver, is the only metal
which is liquid at room temperature. Although it can be
found in its native state, it is more commonly found in
such ores as calomel, livingstonite, corderite and its sul-
fide cinnabar.

It was widely used because of its ability to dissolve
silver and gold (amalgamation) and was the basis of
many plating technologies.

It was available to the ancients in small amounts
from meteors. This native metal is easily distinguishable
because it contains 6-8% nickel. Wrought form of this
metal was the first one known to man. The product of re-
action was a spongy mass of this metal intermixed with
slag. In the early days it was 5 times more expensive then
gold and its first uses were as ornaments.

These seven metals: gold, silver, copper, lead, tin,
mercury and iron, and the alloys bronze and electrum
were the starting point of metallurgy and even in this
simple, historic account we find some of the basic prob-
lems of process metallurgy.

1. IIpounTaiiTe TEKCT U OTBETHTE HA BOIPOCHI.
1. Why is it expensive to extract aluminium from its
ores?
2. Why is titanium a very useful metal for making
aircraft engines?

Aluminium has a low density and, although it is
quite high in the reactivity series, it is resistant to corro-
sion. Aluminium is more reactive than carbon and so its
oxide cannot be reduced using carbon. It has to be ex-
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tracted by electrolyses of molten alumunium oxide. The
process requires high temperature and a lot of electricity.
This makes aluminium expensive to extract. Pure alumu-
nium is not very strong, but aluminiun alloys are stronger
and harder. They have many uses.

Titanium is resistant to corrosion and is very
string. It also ahs a low density compared with other
string metals. Titanium oxide can be reduced by carbon,
but the metals reacts with carbon making it brittle. Tita-
nium is extracted from its ore by a process that involves
several stages and large amounts of energy. The high
costs of the process make titanium expansive.
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Describe the properties of metals using the in-
formation below.

They're shiny
when freshly cut

They're good thermal E
conductors {f

They can be
drawn into wires and

hammered into
shape

r/Theyr're solids at
room temperature

(except mercury, which |

isaliquid) 4

Some metals
are magnetic

"-'.j':""'#
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What are the characteristic properties of non-metals?

If" e e e = e R S R T S o e e S e S Ty, ot A, 1 \"*._
These are some of the characteristic
properties of non-metals: :
r""-;:l?ﬁ.-;’;;ﬁjﬁ“h\‘\ Thgir"re Ip_;arh\\“‘ E
gases at room “-1‘ glectrical conductors®
temperature, although © {except carbon in the 1}1
bromine is a liguid, form of graphite, i
and 2 few which conducts
are solids electricity well
Praperties of
) Non-Metals na =[
| ’ N
They're poor When solid, theyre |

generally brittle and |

St ool 3 shatler when hit 1
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Lesson 6

Grammar: Infinitive.

Text: Metals

IlpeaTeKkcTOBBLIE VIIPAKHEHUS

1. 3anoMHUTE NPOU3HOINCHHUE CJIASTAVIOIMX CJI0B:

characteristics
electrolysis
charge
conductivity
malleability
iron

crystal
mercury
magnesium
single

alloy

bronze
constituent
metallurgy
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/'siggl/

/'&lot/
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2. IlepeBenuTe CJeAYIONINE CJA0BA, HE MOJb3YVACH CJIO-
BapeMm.

Natural, metallic, electrolysis, positive, cathode,
nature, electricity, zinc, aluminium, electrochemical
process, production, metallic substance, non-metal,
bronze, component, atmosphere, metallurgy, crystal
structure.

3. IlepeBeauTe NpeaioKeHNs1, 00paliasi BHUMAaHHe Ha
3HAYE€HHE BbLIEJEHHBIX CJIO0B.

alm — 1eab

The aim of this article is to examine the properties of
some metallic substances.

to depend on (upon) — 3aBUCETH OT
The quality of metal depends on its nature.

widely used — mMpoko UCTOIB30BaAThH
Iron and steel are widely used in modern industry.

due to — BciieicTBHE, 110 TPUUUHE

Aluminium and sodium are widely employed due to the
application of electrochemical process for their produc-
tion.

when exposed — npu NoATBEPKACHUU AECHUCTBUIO

fail + Inf' — He + raaron

"Noble metals" fail to tarnish when exposed to the atmos-
phere.
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TEXT A. METALS

The aim of the article is to discuss some character-
istics of metals. One is to remember that metals are very
important: out of the 92 natural chemical elements about
70 are metals.

Metal working was not the first craft known to
man. Man learned to make fire and later to build furnaces
in order to liquefy the metals. This liquefying process is
called casting. A metal can be defined as a chemical ele-
ment that possess metallic luster and which in electroly-
sis carries a positive charge and is liberated at the cath-
ode. The applications of metals depend on their physical
and chemical properties. It is necessary to note that met-
als vary in density, hardness, heat and electrical conduc-
tivity, strength, malleability, ductility and weight. The
hardness of metals depends upon the presence of other
substances in them and the nature of metal itself. Every-
one knows that metals are the best conductors of heat and
electricity.

The most widely used metals are: iron, copper,
zinc, tin, lead, mercury, silver and gold. The most impor-
tant metal is iron. Men used to call gold and silver "noble

- i~ metals" because they fail to tarnish
o S when exposed to the atmosphere for a
p—— long time and because they could be
P melted again without much loss of
I weight. All the other metals are called
"base metals". Nowadays aluminium, magnesium and
sodium are widely employed due to the development of
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electrochemical process for their production.

Copper is a very good conductor of heat and does
not react with water. It can be bent but it is hard enough
to keep its shape. These properties make it useful for
making pipes and tanks in water and heating systems. It
is a very good conductor of electricity as well and so it is
used for electrical wiring.

Men learned to mix different metals together to
form an alloy. An alloy is a metallic substance but it is
not a single chemical element. It is formed by the union
or mixture of two or more metals, or metals or non-
metals. Probably the first alloy that was made was
bronze, made of copper mixed with tin (I:10). Each con-
stituent of an alloy is called a component. The ability of
various metals to form alloys differs greatly.

The craft of metal working developed into the sci-
ence metallurgy. The scientists began to examine the
properties of metals: their melting points, crystal struc-
ture, strength, hardness, etc. It has become possible to
improve the properties of some metals and to form the
new ones.

Notes
craft pemecio
malleability KOBKOCTb
ductility AIaCTUYHOCTh
single OJINH, OTACIbHBIN
loss noreps
to loose, v TEPATh

used to call 00BIYHO HA3BIBAIOT
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IlocaeTekCcTOBBIE VIIPAKHEHUS

1. HajliguTe B TEKCTE€ U NPOAHAJM3HUPYVIiTEe PYHKIIMHN
MHGUHUTHBA.

2. IlepeBeauTe cJioBa, o0Opaliasi BHUMaHue Ha cyd-
¢uxcol M npeduKChI

metal — metallic

to liquefy — liquid — liquefaction
conduct — conductivity — conductor
nature — natural

electric — electricity

to develop — development

to differ — different — difference
to expose — exposure

to melt — melting (point)

hard — hardness

to vary — various — variety

3. Haiiaute B TeKCTE CJACAVIONINE COUCTAHUS:

XapakTepHble CBOMCTBA, IPOLIECC CKMKECHUSA, XU-
MHYCCKUHM 3JIEMEHT, METaJUIMUCCKUN OJIeCK, HECTH IIO-
JIOKUTENBHBIA 3apsJl, BBIACIATHCA Ha KaTone, (puiznye-
CKME U XMMUYECKHUE CBOWMCTBA, TEILJIO- U DJIEKTPOIPOBO-
OUMOCTb, IIPUpPOAA CAMOI0 MeETaljla, JJIEKTPOXUMUYE-
CKUW TMPOIECC, OTAEIbHBIA XUMHUYECKHM 3JIeMEHT, Ona-
TOPOJHbIE METAJUIbL, YIy4IllaTh CBONCTBA.
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4. IlepeBeauTe CJeAVIONIHE onpeaeJeHuss. 3ANOMHUTE
BbLICJEHHbIE CJI0BA

l. Density is the measurement of mass per
volume unit.

2. To tarnish means to form oxides on the surface.

3. To liquefy means to change substance into a liquid.

4. Metallurgy is the science of making metals, of mixing
metals to form alloys, of treating metals
with heat.

5. Casting is the process of melting the metals and pour-
ing them into the form.

5. 3anomHuuTe ciaeavioumme cuHoHMMBI. IlepeBeaure
npe1okeHusi. 3aMeHUTe NOoAYepPKHYThIe CJI0Ba CH-
HOHUMMWYIHBIMHU.

to vary, to differ — oTnuyarhcs, pa3nuuarbes

1. The metals differ in their physical and mechanical
properties.

2. The metals vary greatly in density; the heaviest is os-
mium.

3. We must cut different metals at various speeds.

to define, to determine — onpeaensTh

1. To determine the volume of a gas one must know the
volume of the vessel (cocya) which contains it.

2. The solids obtained when two or more metals are
mixed in the molten condition and allowed to solidify
can be defined as alloys.
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6. 3anomuuTe anTouumbl. [lepeBeauTe.

pOsitive — MOJIOKUTETbHBIN

negative — OTpULIATENbHbIN

1. Negative charge of the electron neutralizes the posi-
tive charge of the nucleus (s1p0).

2. The atom consists of a positive nucleus surrounded
(okpyxkatb) by negative charges of electricity, called
electron.

hardness — softness, n

hard — TBepbIit

soft — Msrkuit

1. Zinc 1s a hard bluish-white metal.

2. Lead is a very heavy bluish-grey metal which is very
soft.

3. Chromium is so hard that will cut glass, potassium is
so soft that can be moulded like wax (Bock).

7. 3anoJHUTE NPONYCKH COOTBETCTBYIOIIIMMHM CJIOBAMMU.

1. It is known that out of 92 ... elements about 70 are
metals.

2. Man learned to build furnaces in order to ... the met-
als.

3. The process of liquefying the metal is called ...

4. The use of metal ... on their physical and chemical
properties.

5. The ... of metals depends on the presence of other
substances in them.
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6. Metals are the best ... of heat and electricity.

7. To the noble metals belong ... and ...

8. An ... is formed by the union or mixture of two or
more metals.

9. The science of metal working is called ...

10.The scientists learned to ... the properties of metals.

(to depend on, metallurgy, chemical, casting, hardness,
gold, alloy, silver, to improve, to liquefy).

8. Haiinure cyIIeCTBUTEIbHBIC, KOTOPHIE ONMUCLIBAIOT
CBOHCTBA METAJLJIOB.

9. OTBeTHTE HA CJACAVIOINE BONPOCHI.

1. What is the aim of this article?

2. How many metals are there among natural chemical
elements?

How is it possible to liquefy metal?

What is a metal?

What do the metal properties depend on?

What are the main properties of metals?

What are the mostly widely used metals?

What metal is the most important?

9. What metals are called "noble"?

10.How is it possible to form an alloy?

11.What is called every constituent of an alloy? Name
the constituents of bronze and brass (;iatyHb).

12.What is metallurgy?

e A

75



10. CokpaTuTre TEKCT, COXPAHHUB €ro OCHOBHOE CO-
JepkaHue.

11. Ilepenaiite coaepkaHWe TEKCTA MO-PYVCCKH, IO-
AHIJIMICKHU, COXPAHUB MOCJIEI0BATEJIHLHOCTL IMOAAYH
uH(pOpMAIIUY B HEM.

For you to know e
Elements from the central block of '%HJ-

the Periodic table are known as the transi-

tion metals. They are all metals and have {;?;,
similar properties. They are good conduc-

tors of heat and electricity. Many of them are strong, but
can be bent or hammered into shape. These properties
make them useful s materials for buildings, vehicles,
containers, pipes and wires.

What properties make transition metals useful
materials for making things?

12. U3yuute (byvHKuMH MHODUHUTHBA M NepeBeauTe
npeI0KeHus.

1. To form a homogeneous liquid, the metal alloys are
melted together.

2. Copper is the metal to be found in nature.

3. Copper was one of the first metals to be used by man.
4. The first to prove it experimentally was the English-
man Cavendish.

5. Steel undergoes that treatment to improve its struc-
ture.
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6. The new ways to prepare diamonds commercially (B
npombiiuieHHocTr) will be discovered in the near future.
7. To synthesize water he had to combine oxygen and
hydrogen.

8. To observe is the principle rule of any experiment.

9. Today scientists in order to describe mass and length
use the metric system of units in all countries of the world.
10.The metals to be employed resemble one another in
their chemical properties.

11.There are many problems to be solved in order to un-
derstand these phenomena.

12.The mechanical systems are often too simple to be of
any practical interest.

13.The aim of my work is to study the characteristics of
engineering materials.

14.They will have to separate iron from sulfur with a
magnet.

15.Different kinds of steel will have to be used in making
blades (i1omacTn).

16.1n this part of work you will have to deal with differ-
ent kinds of motion.

17.Scientists began to examine the magnetic properties
of many metals.

18.Using fire bricks (orneymnophsiii kupnud) is possible
to minimize heat losses in the boiler.

19.0ne of the best methods of joining pieces of metal to-
gether is to weld (cBaputh) them.

20.To carry out this experiment will be very difficult.
21.To recognize a substance it is not necessary to exam-
ine all its properties.
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22.To obtain good results in the experiment, one must
work hard.

23.The reason for using insulation was to decrease fuel
costs.

24.To increase the output of metal it is necessary to ap-
ply new methods of melting.

25.In order to determine the density of a body, one must
know its mass and its volume.

13. IlepeBeauTe HA AHTJIHHCKUN A3BIK.

1. YToObl M3MEHUTH CBOMCTBA KaKOro-inbo maTtepuaa,
BBOJISIT CIICI[MAJIBHBIC 3JIEMEHTBI WK IPUMECH.

2. YUTtoObl M3yYUTh pacnpenesieHue 3JeKTPOHOB B TBEP-
JIBIX TeJ1aX, ObUIN UCTIOJb30BaHbI MSTKHUE PEHTTC€HOBCKHE
JyYH.

3. Jlia Toro 4TOOBI clenaTh Kele30 KOPpOo3ueyCToNun-
BbIM, €I'0 MO>KHO TTOKPBITh HUKEIIEM.

4. C noMoup MOITYyNPOBOJHUKOB MOYHO IIPEBPATUTH
TEIJIOBYIO JHEPTHUIO B DIIEKTPUUYECKYIO.

5. IllenouHble METaJUTBI XpaHITCA B Maclie, 4TOObI HC-
KJIFOYUTh BIUSHUE BO3yXa.

14. IIpoBepbTe, 3HAETE JIU BbI CJCAVIOIINE CJ0BA:

To discuss, furnace, to liquefy, casting, to define,
luster, positive, to determine, charge, negative, to vary,
density, to depend on, hard, hardness, conductivity,
strength, malleability, conductor, electricity, tin, lead,
mercury, gold, silver, to tarnish, due to, alloy, to differ, to
examine, to improve, to tarnish.

78



15. [HogOepuTe IKBUBAJCHTHI K CJACAVIOIINM CJIOBAM:

1. furnace 1. orpunaTenbHbINA
2. alloy 2. CBHHEII

3. to differ 3. yaydmaThb

4. lead 4. 01510BO

5. to tarnish 5. pasnuyarbcs

6. tin 6. cruiaB

7. negative 7. meyn

8. luster 8. TMOJOXUTEIbHBIN
9. positive 9. TBepapIil
10.conductor 10. 3apsiz
11.density 11. KOBKOCTB

12.to improve 12. cxuxaTh

13.to liquefy 13. TyCKHETH
14.charge 14. 6neck
15.malleability 15. na0THOCTH

16.to vary 16. onpenenars
17.hard 17. npoBOAHUK
18.to determine 18. paznuuatbcs

16. IIpouuTtaiite u nepeBeaure Texkcer. Haiwaure mH-
(GpUHUTHEB U NPOAHAJIUUPVITE ero (hYHKIIUU.

TEXT B. CORROSION

Corrosion is deterioration of useful properties in a
material due to reactions with its environment.
Weakening of steel due to oxidation of the iron atoms is
a well-known example of electrochemical corrosion. This
type of damage usually affects metallic materials, and
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typically produces oxide(s) and/or salt(s) of the original
metal. Corrosion also includes the dissolution of ceramic
materials and can refer to discolouration and weakening
of polymers by the sun's ultraviolet light.

Some metals are more resistant to corrosion than
others, either due to the fundamental nature of the
electrochemical processes involved, or due to the details
of how reaction products form.

The materials most resistant to
corrosion are those for which corrosion
is thermodynamically unfavourable.
Corrosion products of gold or platinum
tend to decompose spontaneously into
pure metal that is why these elements
can be found in metallic form on Earth. More common
"base" metals can only be protected by more temporary
means.

Some metals have naturally slow reaction kinetics,
even though their corrosion 1is thermodynamically
favourable. These include such metals as zinc,
magnesium and cadmium. While corrosion of these
metals is continuous and ongoing, it happens at an
acceptably slow rate. An extreme example is graphite,
which releases large amounts of energy upon oxidation
but has such slow kinetics that it is effectively immune to
electrochemical corrosion under normal conditions.

17. HaiiguTe B TeKCTe CJ0Ba, 00pa30BaHHbIE OT CJie-
AVIOIIMX CJIOB:
Use, oxide, metal, colour, favourable, weak, corrode.
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18. 3anoMHuTE BLIpA’KEHHs M HAWINTE UX YIOTPEO-
JeHHe B TeKCTe:

Due to — u3-3a, BCJIEACTBUE, 110 IPUYUHE

Either ... or — v ... uim

19. OTBeTHTE HA BONPOCHI:

What is corrosion?

What materials are influenced by corrosion?

What materials are the most resistant to corrosion?

. Why can gold and platinum be found in metallic form
on Earth?

5. What material is effectively immune to electrochemi-
cal corrosion under normal conditions and why?

bl

20. IIpouuTtaiiTe TeKCT.

THE CHANGING APPEARANCE OF METALS

Over time many metals are affected by air and wa-
ter. Different metals are affected in different ways and
some examples are shown in Table 1. Gold objects don’t
react at all; gold is described s being unreactive. Most
metals are hard, but a few, like lithium (L1), sodium (Na)
and potassium (K), are much softer and can be cut with a
sharp knife. These three metals re found in group 1 of the
periodic table. This group is known s the alkali metals.

Alkali metals...

- are shiny when freshly cut
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- tarnish (become dull) very quickly when exposed
to air.

Table 1.

Metal Example | How the Object
Object Changes Over Time

lron Nail It:lji,f
Silver Ring It becomes dull

O

Copper Water pipe | It gets darker
S —
STmEe—y

Aluminium [Aluminium [It goes grey
can

Give your own examples of object changing. Remember
the adjectives rust, dull, dark, light, grey
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TEXT C. RUST

Rust is the substance formed when
iron compounds corrode in the presence
of water and oxygen. It is a mixture of

iron oxides and hydroxides. Rusting is a common term
for corrosion, and usually corrosion of steel.

Iron is found naturally in the ore hematite as iron
oxide, and metallic iron tends to return to a similar state
when exposed to air, (hydrogen, oxygen, nitrogen, etc)
and water. This corrosion is due to the oxidation reaction
when iron metal returns to an energetically favourable
state. Energy is given off when rust forms. The process
of rusting can be summarised as three basic stages: The
formation of iron(Il) ions from the metal; the formation
of hydroxide ions; and their reaction together, with the
addition of oxygen, to create rust.

Iron is the main component of steel and the
corrosion of steel is observed more frequently, since iron
is nearly never used without alloying.

When steel contacts water, an electrochemical
process starts. On the surface of the metal, iron is
oxidised to iron(II):

Fe — Fe* + 2¢

The electrons released travel to the edges of the
water droplet, where there is plenty of dissolved oxygen.
They reduce the oxygen and water to hydroxide ions:

de + 02 + 2H20 — 40H

The hydroxide ions react with the iron(II) ions and

more dissolved oxygen to form iron oxide. The hydration
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is variable, however in its most general form:
Fe’" + 20H — Fe(OH),
4FG(OH)2 +0, > 2(F6203.XH20) + 2H,0

Hence, rust is hydrated iron(Ill) oxide. Corrosion
tends to progress faster in seawater than in fresh water
due to higher concentration of sodium chloride ions,
making the solution more conductive. Rusting is also
accelerated in the presence of acids, but is inhibited by
alkalis. Rust can often be removed through electrolysis,
however the base metal object can not be restored
through this method.

Hydrated iron oxide is permeable to air and water,
meaning that the metal continues to corrode after rust has
formed. The iron mass eventually converts entirely to
rust, and disintegrates.

There are several methods available to control
corrosion and prevent the formation of rust. Cathodic
protection is a method to control corrosion and the
formation of rust using electrochemical techniques.
Galvanizing consists of coating metal with a thin layer of
another metal, such as zinc. The electrochemical
potential of zinc is more negative than steel (or iron) and
will provide cathodic protection to the underlying steel.
Typically, zinc is applied by either hot-dipgalvanizing or
electrogalvanizing. A good thing about galvanizing is
that a scratch on a galvanized piece of iron will not lead
to rust at the scratch. The zinc layer acts as a galvanic
anode.

Corrosion control can be done using a coating to
isolate the metal from the environment. Covering steel
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with concrete provides protection to steel by the high pH
environment at the steel-concrete interface. However, if
concrete covered steel does corrode, the rust formed can
cause the concrete to spall and fall apart. This will create
structural problems.

Corrosion of aluminium is different from steel or
iron, in that aluminium oxide formed on the surface of
aluminum metal forms a protective, corrosion resistant
coating.

Notes
permeable MPOHULIAEMBII
to spall a30uBaTh, TPOOUTH
P Y P
concrete OeToH

21. Pacnogoxute vHMOPMAIINIO TEKCTA B COOTBETCT-
BHHU CO CXE€MOW, MePECKAKUTE TEKCT.

Rusting-Corrosion

v

the formation the formation the formation
of iron (II) of hydroxide of iron (III)
i0ns ions {iops

methods to control and to
prevent the formation of rust
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Kev word exercise

Match each key word with its meaning

Alkaline A material that electricity can pass
through easily
Displaces A solution that has a pH greater

than 7

Electrical conduc-
tor

Quickly

Molten

A list that places that metals in or-
der from the most reactive to the
least reactive

Reactivity series

A compound formed when iron re-
acts with oxygen and water

Rust

Liquid

Tarnish

Become dull

Thermal conduc-
tor

A material that heat can pass
through easily

Vigorously

Takes the place of
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Read the passage about rusting, then answer
the following questions.

@ What is an alloy?

© Why do different steels have different
properties?

@ a) Why is stainless steel a very useful alloy?
b) How is stainless steel used?

© What is the chemical name for rust?

@ Why does a layer of paint prevent iron
from rusting?
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Iron is usually turned into an alloy. Alloys are mixtures of
metals, The most common alloy of iron is called steel.
Different types of steel can be made by using different types
of metals in different proportions. The different steels have
different properties.

The type of steel selected for a particular application will
depend on the properties required. Stainless steel is made by
mixing iron and chromium. It's very resistant to corrosion
and is widely used to make cutlery and saucepans.

If iron or iron alloys are exposed to water and oxygen, they
will eventually react to form hydrated iron oxide (rust).
Even stainless steel will eventually rust. Many other metals
also react to form metal oxides, but these metal oxides
aren't referred to as rust.

Iron can be protected from rusting by coating the metal with
a layer of plastic, paint or oil. This stops the oxygen and
water from reaching the metal. But if the coating is
scratched, the iron will start to rust. Iron can also be
protected from rusting by placing it in contact with a more
reactive metal, such as magnesium. The more reactive metal
reacts, leaving the iron intact.
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@ play pause stop
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Roland, a mechanical and electrical services
(M&E) engineer, is talking to Saskia, an architect,
about the design of a new building. Listen to the con-
versation and answer the following questions.

Listening practice &

1. What is a key characteristic of the client company?
2. How will this characteristic affect the building de-
sign?

3. What do you think is meant by presence detectors?

4. What does Roland say about design options and
does he describe option one?

Lesson 7
Grammar: Nominative with the Infinitive.
Text: How to Generate Electric Current

IlpeaTekcTOBLIE VIIPAKHEHUS

1. 3anoMHHUTE NPOWUZHONIEHHE CJCAVIONIUX CJIOB,
VTOYHHUTE UX 3HAYECHUS IO CJT0BAPIO.

current /'kAarant/
voltaic / vol'tentk/
denote /di'naut/
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circuit /'s3:kit/

generate /'dzenerert/
couple /kapl/
electricity /ilek'trisity/
thermal /'03:mal/
through /'Oru:/
machinery /ma'f1:nar1/
device /dr'vars/

2. IlepeBeanure cjaeayIoliue CJ0Ba, He NM0Jb3YACH CJI0-
BapeMm.

Electricity, conductor, to generate, thermal, mag-
netic, alkali, metal, to form, thermoelectric, negatively,
electron, phenomenon, photoelectric, permanent, dy-
namo-machine, principal, machinery.

3. IlepeBeauTe npe1oKeHsI, 00paATHTE BHUMAHHWE HA
3HAYCHHE BHUICJCHHBIX CJIOB H CJIOBOCOYCTAHHUI.

By means of — npu nmomoriu, mocpeacTBoM

Direct current (moctosiHHBIM TOK) may be generated by
means of four principal methods.

Owing to — Onaronapsi, BCIIEICTBHE.

Electricity can be generated owing to chemical reaction.

In this way — TakuMm 00pa3oMm, TaKUM MyTEM.
Light falls on a special kind of cell (snement) and in
this way the electric current is produced.
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TEXT A. HOW TO GENERATE
ELECTRIC CURRENT

The term "electric current" is used to denote "elec-
tricity in motion", i.e. electricity which flows through a
metal or liquid conductor, a direct current being such a
current which is sure to flow through a conductor in one
direction only. There are known to exist at least four
principal methods by which a direct current is likely to
be generated, namely, by means of:

1. chemical reaction; 3. light action;
2. thermal or heat action; | 4. magnetic action.

To produce a current by chemical reaction, an al-
kali or acid is made to react with a metal. The device that
is used in such cases is known to be a voltaic or an elec-
tric cell, a group of two or more cells being connected
together to form a battery. The voltaic cell is so named
after Volta, its inventor who was the first to show that
electricity could be generated owing to chemical reac-
tion.

“ To produce a current by thermal action

|| @ heat is applied to two unlike metals, soldered
together in two points. The apparatus which
causes such a current is regarded to be a
thermo-electric couple or thermocouple for
short The reason the thermocouple generates a current is
due to the fact that the heat makes the electrons tear off
of the negatively charged metal at the point of joint. It is
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these electrons that form the current flowing through the
circuit. Now there exist semi-conductor thermoelements
which without any machinery allow thermal energy to be
converted into electrical energy. Falling on a special kind
of cell, light is sure to produce an electric current. The
device making use of this phenomenon so as to produce
electricity is known to be a photoelectric cell.

In order to generate a current by magnetic action, a
wire is made to pass through a magnetic field, the latter
being set up either by a permanent magnet. The devices
which are certain to generate the electric current in this
way are regarded to be "magneto" and "dynamo" ma-
chines.

Notes
device 311. yCTPOMCTBO
cell AIEMEHT
voltaic cell raJIbBAHUYECKUH 3JIEMEHT
battery Oarapes, cocrosiuias Wu3

HECKOJIbKUX TajbBaHHUYE-
CKUX JICMEHTOB

to solder nasTh

point of joint TOYKA COCJUHEHUSI

IlocjaeTekCTOBBIE VIIPAKHEHUS

1. HaliguTe B TEKCTE U NMPOAHAJIUIHPYHTE NMpeaioKe-
HUSA ¢ THPHUHUTHBOM M MHOUHUTHUBHONW KOHCTPYKIIHU-
el «<MMEHHUTEeJbHLIN NMaJeK ¢ HHPHUHUTHBOM)).
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2. IlepeBeauTe cJoBa, o0paimass BHUMAaHHE HAa cvp-
pukcol 1 npedpurconl.

electric — electricity

to conduct — conductor — semiconductor — conductivity
to exist — existence

to act — action

to invent — inventor

to produce — production — productivity

negative — negatively

direct — directly — indirectly — direction

3. HaiiauTe B TeKCTE CJACAVIONINE COUCTAHUS:

DJIEKTPUUYECKUN TOK, <«BIECKTPUUECTBO B JBUXKE-
HHUW», )XKUJAKUW MPOBOAHMK, TOJBKO B OJJHOM Harpas,lie-
HHUHM, YETBIPE OCHOBHBIX METOJA, TEIUIOBOE JEHUCTBHUE,
TepMonapa, MOJYNPOBOJHUK, TEPMOAJIEMEHT, OCOOBII
BUJI DJIeMeHTa, (POTODJIEMEHT, MarHUTHOE T0Jie, TaJibBa-
HUYECKHUM DJIEMEHT.

4. JanoMHHUTE, YTO CJOBO ''current’” mmeer ABA OC-
HOBHBIX 3HAYeHHUA: 1. TOK: 2. IOTOK.

a) IlepeBeaure cienyoomme coYeTaHus, B KOTOPBIX “‘cur-
rent” yriorpeOJIgeTcs B IEPBOM 3HAYCHUU:

Electron current, galvanic current, line current,
photoelectric current, photoemissive current, polarization
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current, reaction current, magnetic current, thermal cur-
rent, three-phase emission current.

0) 3anOMHHTE IEPEBOJI CACAYIOIIUX COUYCTAHUMN.

direct current — nocrtosinnblii Tok (D. C.)
alternating current — nepemenssiii TOK (A.C.)
conduction current — TOK NPOBOJIUMOCTHU
charging current — 3apsiTHbIN TOK

discharged current — pa3psiHbIi TOK

heavy current — CUIBHBIN TOK

light current — cnaGwbrit Tok

gas current — MOHHBIN TOK

voltaic current — rajabBaHUYECKUNA TOK

B) llepeBenTe CcAeAyIOUINE COYETAHNUS, B KOTOPBIX CIIO-
BO “current” ynoTpeOasercs B 3HAYEHUH “TIOTOK”

Energy current, heat current, current of electrons, air cur-
rent, atmospheric current, zero heat current.

JanmoMHHUTE: current events — TeRVIIINE COOLITHS

5. 3anoOMHHUTE CJEAVIONIHEe CHHOHHUMBI. 3aMEHHUTE
NMOAYEPKHYTHIE CJI0BA CHHOHUMUWYHBLIMU. [lepeBeaure
NpeaI0KeHusl.

principal — main — basic: T1aBHbBIN, OCHOBHOM

Four main methods for a direct current generation are
known to exist.

There are two basic types of semiconductors.
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The principal industrial method of preparing the gas is
fractional distillation of liquid air.

kind — type — sort: éuo, mun.

Reactions of three types are supposed to be employed in
this process.

Energy can be classified into several kinds: mechanical,
heat and chemical.

There exist some sorts of electron microscopes.

Besides the different types of furnaces different kinds of
moulding sand are also employed.

to convert — to transform: npespawiameo

Electrical energy can be converted into a number of
forms. Heat energy is transformed into a mechanical en-
ergy by means of steam engine.

The gas engine converts heat to mechanical energy.

6. 3anomuuTe caenywoumme antoHumbl. IlepeBeaure
NpeiI0KeHUsl:

Conductor — insulator: MpOBOJHUK — AUJIEKTPUK

To increase — to decrease: yBeIMuMBaTh — yMEHBIIATh
The conductivity of a conductor decreases as its tempera-
ture increases while that of an insulator varies slightly
(but does not increases with increasing temperature).

You are to remember:

Electric conductor having a conductivity intermediate
between that of an insulator and that of a metal i1s semi-
conductor
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7. 3anoJHUTe NMPONYCKH MOJAXOASIIMMHU N0 CMBICIY
CJI0BaAMMU:

1. A direct current is each current which flows through a
conductor in one ... only.

2. ... cell 1s a group of two or more cells being connected
together to form a battery.

3. Volta was the first to show that electricity could be ...
owing to chemical reaction.

4. To produce a current by thermal action heat is ... to
two unlike metals.

5. Semiconductor thermoelements allow thermal energy
to be ... into electrical energy without any machinery.

6. For generating a current by magnetic action, a wire is
made to pass through a magnetic.

(I'anbpBaHWYECKHI JIEMEHT, HANPaBJICHHUE, TPOU3BOIUT,
npeBpamaTh, MPUMEHATb, TIOJIE)

8. OTBEeTHTE HA BONPOCHI:

1. What is a direct current?

2. How many methods of generating a direct current ex-
1st?

3. What device is used to produce a current by chemical
reaction?

4. Who was the first to show that electricity could be
generated by chemical reaction?

5. How can one produce a current by thermal action?

6. By what method is electricity generated in a photo-
electrical cell?

7. What is a dynamo machine?
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9. CokpaTuTe TEKCT, COXPAHHUB €ro OCHOBHOE COJep-
JKaAHHE.

10. IlepenaiiTe coaep:kaHNe TEKCTA NMO-PYCCKH, IMO-
AHIJIMHCKHA, COXPAHMB MOCJEI0BATEILHOCTH Iepeaa-
qyu nH(popMaALIY B HEM.

11. IlpoBepbTe, 3HAETE JIM BbI CJEIVIONIME CJI0BA:

To generate, to denote, to flow, direct current, al-
ternating current, thermal, device, voltaic cell, to con-
nect, battery, inventor, owing to, thermocouple, negative,
positive, heavy current, light current, principal, to con-
vert, circuit, machinery, field, in this way, to regard, heat
current, cell.
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Key Words Exercise

Match each key word with its meaning.
[ Chemical energy ¢ + Tnis can't be created or desirayed, only changed
[ Efficiency . ¢ It changes hinetic energy into electrical energy
| Energy 3 $ This reduces the amount of heat energy wasted
[ Fossil fuels [ # Heating of the Earth as & result of polluting gases
[ Generator 4 § Type of energy rescurcas that can be easily replaced
[ Global warming ’ # Cil, gas and coal, for example
| Insulation K; & The type of energy possessed by moving abjects
[ Kinetic energy + + & way of measuring how much energy is wasted
| Renewable energy + § The energy stored in food and fuels
L
Comprehension
i A et
@ What two types of energy did James defhioti Pl cobblicd ity o s Wbt rmocy fu

loule first investigate?

sit ujs at home, even afrer mking veer the family
brmsanets with his benthers, His imvestganans led ke
tn wack oot a relationship betwesn leeat esergy and

£ Give two reasens why other scientists
didn't accapt James's idess at first,
) Why thd Michael Faraday and William

Thamson eventually ccept James
Joule’s jdeas?

) What is the principhe of enesgy
consenvation?

| physkclss were discovering.
1

 —

elscrical enerpy, Hi dlia diseovered the pricciple of
energy corscrvarion = thar enengy can't be created or
aestropied, valy changed.

Wany Brinsh scemises would not sccept Janess idess
peabably because he wae cenly A8 AMITEIT SChENCiT
and his ideas were very different from whae most
sciemtists thomghr ar the rese. The scienists alios
found it hard 1o beleve thar James coulil b s
accufibe with his measarements.

Evenroafly, Jemes's wark an erergy was acoepred by
some famons seventises: hichsel Paraday and Wilham
Thamsen (later known as Lord Kelvin), They could
wor that James's work fitted im with iceas thar othes

12. M3yuuTe nNpaBujia nepeBoaa KOHCTpYKINU «Mme-

HUTEJbHBbIN majexk ¢ uMHGuHuTHBOMY». IlepeBenure

CJICAVIOIINE NMPeIJI0KCHUA.




1. Air was considered formerly to be an element.

2. Sound is known to transmit faster in solids than in
liquids.

3. The relativity theory (Teopusi oTHOCH- ke
TenpHOCTH) appeared to become a turning
point in physics.

4. Some liquids prove to be good conduc-
tors.

5. This metal is likely to be brittle at the
temperature mentioned above.

6. Salt water appears to conduct electricity well.

7. An electric current is considered to be a stream of
electrons in motion.

8. The thermocouple proved to be useful for our tests.

9. Jablochkov is known to be the inventor of the electri-
cal candle.

10.This vacuum tube seems to be in operation for a long
time.

11.The four best conducting metals proved to be silver,
gold, copper and aluminium.

12.The resistance of the conductor is known to depend
not only on the material it is made of and its temperature
but on its diameter and length as well.

13.Direct current is known to flow in one direction only.
14.Pure air is supposed to be a good insulator.

15.When an electric force is applied to a metal and a
stream of electrons seems to migrate from one part of the
metal to another, there is said to flow an electric current
through a conductor.
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16.An electric current is known to be a stream of elec-
trons passing through a conductor.

17.The electrons are said to pass from one atom to an-
other.

18.Different substances are known to differ in electrical
conductivity.

19.Every student is supposed to know such fundamental
terms as intensity of the current, voltage, electromotive
force (e.m.f.) and resistance.

13. IlepeBeauTe cJjaeayioime mpeIOKeHUs HAa AHI-
Juiickui s3Ik, [lob3yiiTech CXeMOI.

1. W3BecTHO, 4YTO ’K€ne30, TUTAH, TAaHTal U XPOM —
XPYIKHE METaJUIBL.

2. H3BeCTHO, 4TO METAJIJIBI IOABEPTAOTCA KOPPO3HH.

3. OOHapyKeHO, YTO XKejIe30, MOMEIIEHHOE B COJICHYIO
BOJY, P’KaBEeT.

4. CunTapT, YTO HA3BAHUE «KOPPO3HS» OTHOCUTCA K
TEM HM3MEHEHUSM, NPU KOTOPBIX METAJUI MPEBPAILACTCS
U3 DJIEMEHTA B COEIUHEHHUE.

5. Ho-BuaumMomy, HEKOTOpPbIE MUHEpPAJIBI COAECpXKaT
a3oT.

6. CyuTarT, YTO MOCTOSTHHBIM TOK IMOJTYYaOT YETHIPbMSI
OCHOBHBIMU CIIOCOOAMHU.

7. Ilonararot, yTo BospTa nepBbIM MOTYYUIT DJIEKTPUYE-
CKMH TOK IPU IIOMOIIY XUMHUYECKOU pEaKIUU.

8. Ilo-BHIMMOMY, MOKHO NOJIYYUTb DJIEKTPUUECKHUI TOK
C IOMOIIIBIO (DOTORIEMEHTA U MarHUTA.

9. CuuraroT, 4TO cepedpo SBISETCS TYyUIIUM MPOBOJIHHU-
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KOM 3JIEKTPUYECTBA.
10.Oxa3piBaeTcs, HEKOTOPBIE JKUIKOCTH TAKKE IPOBOJSIT
IIEKTPUYECTBO.

armYarn NEE

Cymi. B nme- ['maron
HHUT. TIAJICKES B MMACCUBHOM (hopMe, UK I/IH(bHHHTnB
(mecroume- [) seem, happen, prove, ap-
HHE) pear, to be likely, to be
unlikely, to be sure, to be

\ J \ certain /

14. IlpoumTaiiTe M nepeBeaute TekcT. M3MeHuTe
NpeI0KEHUS TP MOMOIIN NMOCTPOEHHUS KOHCTPVK-
muu Nominative-with-the-Infinitive, mcmoan3vs cJjio-
Ba, JaHHbIE B CKOOKAaX.

TEXT B. ELECTROMAGNETISM

Electromagnetism (to consider, to be) the
physics of electromagnetic fields: a field, encompassing
all of space, comprised of electrical
and magnetic fields. The electric field
can be produced by stationary electric
charges, and gives rise to the electric
force, which (to know, to cause)
static electricity and drive the flow of
electric current in electrical conductors. The magnetic
field can be produced by the motion of electric charges,
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such as an electric current flowing along a wire, and
gives rise to the magnetic force one associates with
magnets. The term "electromagnetism" (to know, to
come) from the fact that the electric and magnetic fields
are closely intertwined, and, under many circumstances,
it is impossible to consider the two separately. For
instance, a changing magnetic field (to find, to give) rise
to an electric field; this 1s the phenomenon of
electromagnetic induction, which underlies the operation
of electrical generators, induction motors, and
transformers.

15. IlepenaiiTe coaep:kaHNe TEKCTA HA AHIJIMHCKOM
sA3bIKE.

TEXT C. ELECTROMOTIVE FORCE

Electromotive force (e.m.f.) is a measure of the
strength of a source of electrical energy. The unit of
e.m.f. is known to be the volt (energy per unit electric
charge) and so the term 'force' is misleading.

The term "electromotive force" originally referred
to the strength with which positive and negative charges
could be separated (i.e. moved,
I — ME h! hence "electromotive"), gnd
ﬁﬂ was also called "electromotive

%EEL power" (although it is not a

power in the modern sense).

E.m.f. was found to be generated by chemical
reaction (e.g., a battery or a fuel cell), absorption of
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radiant or thermal energy (e.g., a solar cell or a
thermocouple), or electromagnetic induction (e.g., a
generator or an alternator). Electromagnetic induction is
known to be a means of converting mechanical energy,
1.e., energy of motion into electrical energy. The e.m.f.
generated in this way is often referred to as motional
e.m.f.

Motional e.m.f. is ultimately due to the electrical
effect of a changing magnetic field. In the presence of a
changing magnetic field, the electric potential and hence
the potential difference (commonly known as voltage) is
undefined (see the former) — hence the need for distinct
concepts of emf and potential difference.

Lesson 8

Grammar: Objective with the Infinitive
Text: The Heating Effect of Electric Current

IlpeaTeKkcTOBLIE VIIPAKHEHUS

1. 3anoMHUTEe NMPOW3HONICHHE CJCAVIOIMX CJI0B W
VTOYHUTE UX 3HAYECHUS MO CJA0BAPIO:

/Oru:/
through
opposition /opa'zifn/
generation /dzena'rerfn/
wire /'wara/
energy /'enadzi/
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generally /'dzenarali/
flowing /"flauiy/
recognize /'rekagnaiz/

2. IlepeBeauTe 0€3 caoBaps M MPOUYUTANTE:
Con'ductor, e'lectron, electro'lytic, ther'mometer, 'energy,
'generator, "physical, ion.

3. 3anoOMHHTE NePeBO NOTYEPKHYTHIX CJI0B, MepeBe-
UTE MPeIJT0KeHU.

Because of — u3-3a, BcieacTaue

Because of the partial decomposition of the carbide,
grey-cast-iron is softer than white-cast iron.

As well as — Tak e, KaK | ...

Aluminium as well as copper are the best conductors of
electricity.

Be due to — oOycnaenusath (due to — ecnu, no npuyu-
HE)

Conductivity is mainly due to free electrons.

Both ... and —xaku ..., TaKk u ...

We consider the heat produced per second to depend
both upon, the resistance of the conductor and upon the
amount of current flowing through it.
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TEXT A. THE HEATING EFFECT OF AN ELEC-
TRIC CURRENT

When a current is flowing through a conductor,
there is always some opposition to its flow because of the
fact that electrons, if the conductor is electrolytic, are
sure to collide with each other as well as with the ions or
molecules of the conductor. The energy supplied by the
generator or battery in order to overcome this opposition
is known to be transformed into heat within the conduc-
tor.

We consider the heat produced per second to de-
pend both upon, the resistance of the conductor and upon
the amount of current flowing through it. T

If some current flows through a thin
wire and then the same amount of current
is sent through a thicker one, we may ex-
pect a different amount of heat to develop
in both these wires. When the current is passed through
the wire which is too thin to carry it freely, that is the
wire which resistance would offer greater opposition to
its flow, more electric energy would be converted into
heat than in the case of the thick wire carrying a small
current.

A wire through which an electric current passes
usually looks exactly like the one that does not carry cur-
rent. As it is impossible to recognize electricity by any of
our physical senses, we generally detects its presence
owing to its various effect, one of which being heat set
up in the wire due to the current flowing through it.
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If the wire is a large one and the current is a small
one, the only way to detect the developed heat is to use a
sensitive thermometer, the heating being too slight to be
felt by other means. When the wire is very thin and the
current is large, the amount of heat generated is great
enough to be felt by hand.

Notes
opposition - 3]1. COMPOTHUBJICHUE
to supply - MoJaBaTh (IHEPIHUIO)
per second - B CEKYHY
to develop - BBIJICTISTh
physical senses - OpraHbl YyBCTB

3anomHuTe:

to develop a theory (method, device) — paspabarbiBaTh
Teoputo (METOJ, yCTPONUCTRO),

to develop industry — pa3BuBaTh NPOMBIIILIIEHHOCTD,

to develop gas (heat) — BeiienATH ra3 (Temio).

IlocaeTekCcTOBBIE VIIPAKHEHUS

1. HaliiuTe B TeKCTE M NMPOAHAJIMZHUPVHTE PYHKIIUU
MHPUHUATHBA U KOHCTPYKINHN «O00BEKTHBLIA MANEK C
NHGMOUHUTHBOM.
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2. IlepeBeauTe, oopamass BHUMAaHHEe HA cyhpUuKChI,

HQCSbI/IKCLI.

Opposite — opposition

to conduct — conductor — non-conductor — conductivity
to generate — generator

to resist — resistance

thick — thicker

to differ — different — difference
free — freely

great — greater

possible — impossible

sense — sensitive

to vary — various — variety

3. HaiiauTe B TeKCTE CJACAVIONINE COUCTAHUS:

OHeprus, ogaBaeMasi FT€HepaTOpOM; COIPOTUBIIE-
HUE MPOBOJHUKA, TOHKAsl IPOBOJIOKA, PA3JIMYHOE KOJIU-
YEeCTBO TEIUIOTHI, CIa0bIi TOK, OpraHbl YyBCTB, YyBCTBH-
TEJIbHBI TEPMOMETP.

4. CrpynnupviiTe CHHOHUMbBI U NepeBeauTe Mpeaio-
JKEHUA.

To transform, different, exact, to apply, quantity,
to convert, amount, various, precise, to use, kind, to em-
ploy, type,

1. For melting steel crucible or electric furnaces are
used.
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2. For this purpose non-ferrous metals are mixed in
various proportions to form different alloys.

3. People can use heat, electricity and light for many
purposes.

4. Exact analysis help to classify these metals into some
types.

5. Their task was to convert potential energy into a ki-
netic one.

5. 3anomuuTe cuHOHMMBI. [lepeBeauTe NpeI0KeH U,

Means — cpeacTBo, crocod
Way — cpenctso, ciocoo
Method — crtoco6, MmeTox

1. One way of classifying a solid is according to its elec-
trical properties.

2. The molecular formulas of compounds are determined
by chemical means.

3. There are some methods of machining the metals.

4. For our experiment we must find the means of several
temperature measurements.

6. 3anoMHNTE AHTOHUMbI. IlepeBeanTe NpeaI0KeHHUsI.

Thin / thick ToHkuit / TONCTHIN

The alternating current is passed through a thick wire to a
receiver, in which a thin metal plate vibrates.

If thin wires are used, they get hot or melt. Large currents
need very thick wires.
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The small current is cheaper because the wires need not
be thick.

7. 3anoJiHUTE NPONYCKH COOTBETCTBYIOIIMMH CJI0BA-
MMN.

1. Electrons are sure to ... with each other.

2. The energy supplied by a ... or ... is known to be
transformed into heat within the conductor.

3. We consider the ... produced per second depend both
upon the resistance of a conductor and upon the amount
of current flowing through it.

4. We can ... the presence of electricity owing to its
various effects.

5. When the wire is very ... and the current is ... , the
amount of generated heat can be felt by hand.

(Toukuit, oOHapyXuBaTh, TOJICTHIN, TEIUIO, TaJIbBaHUYE-
ckas Oarapesi, CTAIKMBAThLCS, TCHEPATOP)

8. OTBeTHTE HA CJaeayiIIye BONPOChHI:

1. Is there any opposition to the flow of the current when
it is flowing through a conductor?

2. What is the energy overcoming this opposition trans-
formed into within a conductor?

3. What does the heat produced per second depend on?
4. Is there any difference between the wire carrying a
current and the one that does not carry any?

5. By what means can we detect the developed heat?
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9. CokpaTuTe TEKCT, COXPAHHUB €ro OCHOBHOE COJep-
JKaAHHE.

10. IlepenaiiTe coaepkaHNe TEKCTAa NMO-PYCCKH, MO-
AHIJHICKH, COXPAHMB MOCJIEeI0BATEJILHOCTL IMepeaa-
qd B HeM HH(popManuu.

11. IIlpoBepbTe, 3HAETE JU BBI ciaeavyiomnme ¢jioBa:

To conduct, conductivity, semiconductor, conduc-
tor, insulator, electron, electrolytic, to collide, to supply,
to overcome, to transform, to consider, resistance, thin,
thick, to develop, to pass, to carry, to detect, the only,
thermometer, means, to recognize, wire, as well as, be-
cause of, to generate, way.

12. [logboepuTe YKBUBAJEHTHI K CJCAVIONIAM AHTJIHM-
CKHMM IJIarojgam

1. to generate 1. cuurars, paccmaTpuBaTh
2. to pass 2. TpeosoneBaTh

3. to detect 3. mpeBpalarb

4. to transform 4. mpomyckatb

5. to conduct 5. BBIIETATH

6. to overcome 6. NPOU3BOJIUTH

7. to develop 7. NpPOBOJIUTH

8. torecognize 8. momaBaTh (TOK)
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9. toconsider 9. y3HaBaTh
10.to supply 10. HaxouTh, OOHAPYKUBATH

13. U3vuuTe nmpaBuja nepeBoaa KOHCTPYKIUU «OQ0L-
eKTHBLIN naae:xk ¢ uHdbuanutusomy. IlepeBeaurte npen-
JOKEeHHU.

1. We know the electric current to flow in metal parts.

2. Many years ago, scientists believed an electric current
to be a stream of tiny electrical particles.

3. We know electric current to be surrounded by a mag-
netic field.

4. We know the strength of a current to depend upon the
resistance of the circuit.

5. Joule and other scientists proved heat to be a form of
energy.

6. The engineer wants the new device to be tested in the
laboratory.

7. He has found the temperature to be a determining fac-
tor.

8. We know him to have started a series of new labora-
tory experiments .

9. Ampere supposed the current to flow from the posi-
tive pole of the source of the current to the negative one.
10.We may suppose the alpha particles within the nu-
cleus to by in motion.

11.We assume a substance to be a number of small parti-
cles called atoms.

12.0n close examination of a piece of granite we find it
to be composed of several kinds of minerals having dif-
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ferent colours, different degrees of hardness and different
properties in general.

13.We know the velocity of a particle to be continuously
changing if this particle has a nonuniform motion.
14.Mendeleyev found the properties of the elements to
repeat themselves after a definite number of steps.

15.1n liquids the atmospheric pressure at any given point
is equal in all directions but we know it to decrease as al-
titude increases.

16.We know very few objects to be made of pure tin, but
it is used to make bronze, babbit (6a66uT) and other alloy
metals.

17.This scientist states laser light to be different from or-
dinary light.

18.The kinetic theory of gases assumes a gas to be made
up of particles moving about with random motion.

19.We know gases as nitrogen, helium and argon to
make up much as 26 % of pitchblende (ypanur).

14. IlepeBeuTe NMpEAI0KEeHHNsI HA AHTJIMICKNIA SI3BIK.
IMoab3yiiTeCh CXeMOM:

- noonexcawee,

- cxazyemoe,

- IUYHOe MeCmouMeHUue 8 00beKMHOM naodedxice Uil Cy-
wecmsumenbHoe 8 oouem naoedice,

- UHQUHUMUS.

1. MbI XOTUM, 94TOOBI BbI IPUHSIIN y4aCTHE

B 9TOM HUCCJICIOBAHUMU.

2. MB&I noaraeM, 4To OMBIT OBUT TPOBEICH

YCTICIITHO.
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3. MBI 3HaeM, 4TO JIyd Jlazepa MHUPOKO MCHOJB3YETCsS B
METUITIHE.

4. Mpl cuMTaeM, 4TO 3TH JIETKUE METALIbI OyayT HC-
MOJIb30BaHbl BO MHOTHX OTpPACISAX MPOMBIIUICHHOCTH B
Oynymiem.

5. OHHU 3HaJM, YTO OMBITHl OBLIU 3aBEPIICHBI, U PE3YJIb-
TaThl OBUTH YOBJICTBOPUTEIIHHBIMH.

15. U3MeHuTE CJeAVIONIHE MPeNI0KeHUs M0 VKA3AH-
HOMY 00pa3Iy M NepeBeINTe HX HA PYCCKUH SA3BIK.

We know that he is the best student. — We know him to be
the best student.

1. We know that red phosphorus is a more stable form
than white phosphorus.

2. They discovered that ground water contained a great
deal of impurities.

3. The experiment proved that air consisted of nitrogen
and oxygen with small amounts of other gases.

16. [IpouviTaiiTe M NepeBeANTE TEKCT.

17. Halimure B TekcTe MH(MUHUTHUBHLIE 000POTHI M
onpeaeJJuTe uX THIIL.

18. 3agajiTe K TEKCTY 5 BONIPOCOB.
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TEXT B. ELECTROMAGNETIC FORCE

The force that the electromagnetic field exerts on
electrically charged particles, called the electromagnetic
force, is one of the four fundamental forces. The other
fundamental forces are the strong nuclear force (which
holds atomic nuclei together), the weak nuclear force
(which  causes certain forms of
radioactive decay), and the gravitational
force. All other forces are ultimately
known to be derived from these
fundamental forces. However, the
electromagnetic force turns out to be the
one responsible for practically all the phenomena one
encounters in daily life, with the exception of gravity.
Roughly speaking, we may assume all the forces
involved in interactions between atoms to be traced to the
electromagnetic force acting on the electrically charged
protons and electrons inside the atoms. This includes the
forces we experience in "pushing" or "pulling" ordinary
material objects, which come from the intermolecular
forces between the individual molecules in our bodies
and those in the objects. It also includes all forms of
chemical phenomena, which arise from interactions
between electron orbitals.

Furthermore, we know light to be a kind of
traveling disturbance in the electromagnetic field (i.e.
electromagnetic =~ waves.)  Therefore, all optical
phenomena are actually electromagnetic phenomena.

114



An accurate theory of electromagnetism, known as
classical electromagnetism, was developed by various
physicists over the course of the 19th century. It is
known to be culminated in the work of James Clerk
Maxwell, who unified the preceding developments into a
single theory and discovered the electromagnetic nature
of light. In classical electromagnetism, the
electromagnetic field obeys a set of equations known as
Maxwell's equations. We know the electromagnetic force
to be given by the Lorentz force law.

Magnetic Force

Some materials experience a magnetic
force when a magnet is near them.

A magnet can exert a pulling force on some
materials without touching it. The closer
the magnet is, the stronger the force is.

Two magnets can also exert a pushing
force on each other.

Ses NEEEAN S
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19. PackpoiiTe CKOOKH.

TEXT C. ELECTRIC FIELD

In physics, an electric field or E-
field is an effect produced by an
electric charge that (to exert) a force on
charged objects in its vicinity. The units
of the electric field (to be) newtons per coulomb or volts
per meter (both are equivalent). Electric fields (to
compose) of photons and contain electrical energy with
energy density proportional to the square of the field
intensity. In the static case, an electric field (to compose)
of virtual photons being exchanged by the charged
particle(s) creating the field. In the dynamic case the
electric field (to accompany) by a magnetic field, by a
flow of energy, and by real photons.

Non-Contact Forces

Non-contact forces act without touching an
object. The region in which a non-contact force
acts is called a field.

Magnetic force, electrostatic force and
gravitational force are examples of
non-contact forces.
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Lesson 9

General Revision of Infinitives and Infinitive
Constructions

TEXT A: CONDUCTORS AND INSULATORS

As 1t 1s well known, to conduct an electric current
is the same as to transmit electrons. All substances have
some ability to transmit electrons but are known to differ
greatly in the ease with which electrons pass through
them. For instance, we know a copper wire to conduct
electricity readily, glass seems to conduct so little current
that it is difficult to measure it. Substances through
which currents are easily pass are known to be conduc-
tors. Substances strongly resisting the current flow are
considered to be insulators, the latter also being called
dielectrics.

There being no sharp distinction between conduc-
tors and 1nsulators, no substance should be considered to
be a perfect conductor or a perfect non-conductor under
ordinary conditions. For example, paper though a poor
conductor cannot be regarded to be a perfect insulator.

Almost all metals are known to conduct electricity,
but silver is believed to be the best conductor of all.
Copper appears to come next, followed by aluminium.
Some liquids are likely to conduct electricity. They even
prove to be good conductors of electricity, water with
salt being an example. On the other hand, distilled water
is sure to have high resistivity.
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Most gases are supposed to conduct current under
proper conditions of pressure and temperature. Among
the non-metals some forms of carbon are very good con-
ductors. On the other hand, the diamond which we con-
sider to be crystallized carbon greatly resists the passage
of electrical current and could be used as a good insulator
if it were not so expensive. As a rule, most of the non-
metals are found to transmit only a negligible current and
that 1s why they are to be considered insulators.

Notes
perfect UJeaabHbIN
condition yCIIOBUE
proper COOTBETCTBYIOIIUMN
diamond anmas
expensive J0pOroi
negligible HE3HAYUTEIbHBIN

1. OTBeTHLTE HA BONIPOCHI:

1. What ability do all substances possess?

2. Is there a sharp distinction between conductors and
insulators?

3. What metal is believed to be the best conductor?

4. Does water conduct electricity?

5. Under what conditions do most gases conduct cur-
rent?

6. Why do not we use diamond as an insulator?
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2. BoIpa3uTe cBoe corjiacue WJIH HecorJacue co cJe-
IVIOIIUMHU VTBep:kaAeHusaMu. lloabp3viiTecs, KJInmie:

I think it's right. Jlymato, 3T0 BEpPHO.
It seems to be wrong. Kaxercs, 3To HEBEpHO.
I can't agree with it. S He Mory ¢ 3TUM COrJacUThCS.

As far as [ know ...  Hackoinbko s 3Ha1o ...
To my mind ... [To-moemy ...
On the contrary ... Hao6opor ...

1. To conduct an electric current is the same as to trans-
mit electrons.

2. There is no sharp distinction between conductors and
insulators.

3. Some liquids are unlikely to conduct electricity.

4. Among non-metals some forms of carbon are very
good conductors.

5. Copper is the best conductor.

3. Complete the following sentences using from,

with or of.

1. Bronze contains significant amounts

copper.

2. Galvanised steel is coated zinc.

3. Steel is an alloy derived iron.

4. Pyre metals can usually be recovered al-

loys.
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5. To produce stainless steel, iron is mixed
other metals.

6. Stainless steel contains quantities
chromium and nickel.

7. Glass tableware contains traces metals,
such as lead.
8. When new method is extracted ore,

the costs can be high.

V7
-'.’J;: =l I|I_' -Ih
'E g i play pause stop
= ‘-L__,,a'll

Listening practice @

Claudia, an engineer, is asking Kevin and
Dave, the manager of a fun park, about their re-
quirements for a proposed space module simulator
called Mars Lander. Listen to the conversation and
note the three main areas Claudia asks about.

How do Claudia and Kevin focus on specific
subjects? Complete the following phrases from the
conversation using the words in the box. Listen again
and check your answers.

| concerned | regard | regarding | regards | terms
1. ... with to the capacity.
.. 1n of the number of people.
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Blues

93.36293


3. ... as far as size is )
4. ... and as the graphics ...
the schedule ...

e

TeKCThI ISt KOHTPOJISI HABbIKOB UYT€HHUS,
nepeBoaa 1 aHHOTHPOBAHUA

Electrical conduction

Electrical conduction is known to be the
movement of electrically charged particles through
matter. The movement can form an electric current in
response to an electric field. The underlying mechanism
for this movement depends on the material. Conduction
is well-described by Ohm's Law, which assumes the
current to be proportional to the applied electric field.

Solids (including insulating solids). In crystalline
solids, atoms interact with their neighbours, and the
energy levels of the electrons in isolated atoms turn into
bands. Whether a material conducts or not is determined
by its band structure. Electrons, being fermions, follow
the Pauli exclusion principle, meaning that two electrons
cannot occupy the same state. Thus electrons in a solid
fill up the energy bands up to a certain level, called the
Fermi energy. Bands which are completely full of
electrons cannot conduct electricity, because there is no
state of nearby energy to which the electrons can jump.
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Materials in which all bands are full (i.e. the Fermi
energy is between two bands) are known to be insulators.
Metals are known to be good conductors because
they have unfilled space in the valence energy band. In
the absence of an electric field, there exist electrons
traveling in all directions and many different velocities
up to the Fermi velocity (the velocity of electrons at the
Fermi energy). When an electric field is applied, a slight
imbalance develops and mobile electrons flow. Electrons
in this band can be accelerated by the field because there
are plenty of nearby unfilled states in the band.
Resistance comes about in a metal because of scattering
of the electrons from defects in the lattice or by phonons.
In semiconductors, impurities
greatly affect the concentration and type
of charge carriers. Donor (n-type)
impurities have extra valence electrons
with energies very close to the
conduction band which can be easily thermally excited to
the conduction band. Acceptor (p-type) impurities
capture electrons from the valence band, allowing the
easy formation of holes. If an insulator is doped with
enough impurities, the insulator turns into a conductor.
Electrolytes. We know electric currents in
electrolytes to be flows of electrically charged atoms
(ions). For example, if an electric field is placed across a
solution of Na“ and CI', the sodium ions will move
constantly towards the negative electrode (cathode),
while the chlorine ions will move towards the positive
electrode (anode). If the conditions are right, redox
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reactions will take place at the electrode surfaces,
releasing electrons from the chlorine, and allow electrons
to be absorbed into the sodium.

Water-ice and certain solid electrolytes called
proton conductors contain positive hydrogen ions which
are free to move. In these materials, currents of
electricity are composed of moving protons.

In certain electrolyte mixtures, populations of
brightly-coloured ions form the moving electric charges.
The slow migration of these ions during an electric
current is one example of a situation where a current is
directly visible to human eyes.

In neutral gases, electrical conductivity is known
to be very low. They act as a dielectric or insulator, up
until the electric field reaches a breakdown value, freeing
the electrons from the atoms in an avalanche process thus
forming a plasma. This plasma provides mobile electrons
and positive ions, acting as a conductor which supports
electric currents and forms a spark, arc or lightning. In
ordinary air below the breakdown field, the dominant
source of electrical conduction is via mobile ions
produced by radioactive gases and cosmic rays.

Plasma is known to be the state of matter where
some of the electrons in a gas are stripped or "ionized"
from their molecules or atoms. We know a plasma can be
formed by high temperature, or by application of an
electric field. Due to their lower mass, the electrons in a
plasma accelerate more quickly in response to an electric
field than the heavier positive ions, and hence carry the
bulk of the current.
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Since a vacuum normally contains no charged
particles, vacuums normally behave as good insulators.
However, any metal electrode surfaces to be present in a
vacuum can make a vacuum into a conductor by
providing a cloud of free electrons through the process of
thermoionic emission. Externally heated electrodes can
generate an electron cloud, or electrodes themselves can
produce an electron cloud via spontaneous heating, for
example, during a vacuum arc. Vacuum tubes are some
of the electronic switching and amplifying devices based
on vacuum conductivity.

A Dielectric

A dielectric, or electrical insulator, is known to be
a substance that is highly resistant to flow of electric
current. Layers of such substances are commonly
inserted into capacitors to improve their performance,
and the term dielectric refers specifically to this
application.

The use of a dielectric in a capacitor presents
several advantages. The simplest of these is that the
conducting plates can be placed very close to one another
without risk of contact. Also, if subjected to a very high
electric field, any substance will ionize and become a
conductor. Dielectrics are more resistant to ionization
than air, so a capacitor containing a dielectric can be
subjected to a higher voltage.

Also, dielectrics increase the capacitance of the
capacitor. An electric field polarizes the molecules of the
dielectric, producing concentrations of charge on its
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surfaces that create an electric field opposed
(antiparallel) to that of the capacitor. Thus, a given
amount of charge produces a weaker field between the
plates than it would without the dielectric, which reduces
the electric potential. Considered in reverse, this
argument means that, with a dielectric, a given electric
potential causes the capacitor to accumulate a larger
charge.

Texts for extra-curricular reading

Mechanics in Science and Engineering

Mechanics can be seen as the prime, and even as
the original, discipline of physics. It is a huge body of
knowledge about the natural world. It also constitutes a
central part of technology. That is, how to apply this
knowledge for humanly defined purposes. Briefly stated,
mechanics is concerned with the motion of physical
bodies, and with the forces that cause, or limits, these
motions, as well as with forces which such bodies may,
in turn, give rise to. Due to the wide scope of the subject,
one may well find topics that would not fit easily into
even this general characterization. Thus the term "body*

needs to stand for a wide

el assortment of objects, including

{::____fﬂfﬁ particles, projectiles, spacecraft,

hﬁ_lwml | stars, parts of machinery, parts of

| solids, parts of fluids (gases and
liquids), etc.

T £4 Mixgoorssis < SorHyTeR Hosmo.
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The major division of the mechanics discipline
separates classical mechanics from quantum mechanics.
Historically, classical mechanics came first, while
quantum mechanics is a comparatively recent invention.
Classical mechanics is older than written history, while
quantum mechanics (in 2005) is 105 years old. Both are
commonly held to constitute the most certain knowledge
that exists about physical nature. Especially classical
mechanics has therefore often been viewed as a model
for other so-called exact sciences. Essential in this
respect is the relentless use of mathematics in theories, as
well as the decisive role played by experiment in
generating and testing them.

Quantum mechanics is, formally at least, of the
widest scope, and can be seen as encompassing classical
mechanics, as a sub-discipline which applies under
certain restricted circumstances. If properly interpreted,
there i1s no contradiction, or conflict between the two
subjects, each simply pertains to specific situations.
While it is true that, historically, quantum mechanics has
been seen as having superseded classical mechanics, this
is only true on the abstract, or fundamental, level. In
practice, classical mechanics remains as useful as ever.

In a somewhat analogous way, relativity has
expanded the scope of mechanics. This is true for
classical as well as quantum mechanics. Again, there are
no contradictions, or conflicts, so long as the specific
circumstances are carefully kept in mind. Just as one
could, in the loosest possible sense, characterize classical
mechanics as dealing with "large" bodies (such as engine
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parts), and quantum mechanics with "small" ones (such
as particles), it could be said that relativistic mechanics
deals with "fast" bodies, and non-relativistic mechanics
with "slow" ones. However, "fast" and "slow" are
relative concepts, depending on the state of motion of the
observer. This means that all mechanics, whether
classical or quantum, potentially needs to be described
relativistically. On the other hand, as an observer, one
may frequently arrange the situation in such a way that
this is not really required.

Other distinctions between the various sub-
disciplines of mechanics, concern the nature of the
bodies being described. Particles are bodies with little
(known) internal structure, treated as mathematical points
in classical mechanics. Rigid bodies have extension, but
retain a simplicity close to that of the particle, adding just
a few so-called degrees of freedom, such as orientation in
space. Otherwise, bodies may be semi-rigid, i.e. elastic,
or non-rigid, i.e. fluid. These subjects have both classical
and quantum divisions of study. For instance, the motion
of a spacecraft is described by classical mechanics,
regarding its orbit and attitude (i.e. by rotation with
respect to the fixed stars). While an atomic nucleus is
described by quantum mechanics in analogous situations.

Formally, "fields" constitute a separate discipline
in physics, distinct from mechanics, whether classical
fields or quantum fields. In actual practice, however,
subjects belonging to mechanics and fields are closely
interwoven. Thus, for instance, forces that act on
particles are frequently derived from  fields
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(electromagnetic or gravitational), and particles generate
fields by acting as sources. In fact, in quantum
mechanics, particles themselves are fields, as described
theoretically by the wave function.

Classical Mechanics

In physics, classical mechanics is one of the two
major sub-fields of study in the science of mechanics,
which is concerned with the motions of bodies, and the
forces that cause them. The other
sub-field is quantum mechanics. =

Roughly speaking, classical '
mechanics was developed in the 400 ‘

years since the groundbreaking

works of Brahe, Kepler, and Galilei,

while quantum mechanics developed within the last 100
years, starting with similarly decisive discoveries by
Planck, Einstein, and Bohr.

The notion of “classical” may be somewhat
confusing, insofar as this term usually refers to the era of
classical antiquity in European history. While many
discoveries within the mathematics of that period remain
in full force today, and of the greatest use, the same
cannot be said about its "science". This in no way
belittles the many important developments, especially
within technology, which took place in antiquity and
during the Middle Ages in Europe and elsewhere.

However, the emergence of classical mechanics
was a decisive stage in the development of science, in the
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modern sense of the term. What characterizes it, above
all, is 1its insistence on mathematics (rather than
speculation), and its reliance on experiment (rather than
observation). With classical mechanics it was established
how to formulate quantitative predictions in theory, and
how to test them by carefully designed measurement.
The emerging globally cooperative endeavor increasingly
provided for much closer scrutiny and testing, both of
theory and experiment. This was, and remains, a key
factor in establishing certain knowledge, and in bringing
it to the service of society. History shows how closely the
health and wealth of a society depends on nurturing this
investigative and critical approach.

The initial stage in the development of classical
mechanics is often referred to as Newtonian mechanics,
and is characterized by the mathematical methods
invented by Newton himself, in parallel with Leibniz,
and others. More abstract, and general methods include
Lagrangean mechanics and Hamiltonian mechanics.

Classical mechanics produces very accurate results
within the domain of everyday experience. It is enhanced
by special relativity for objects moving with large
velocity, near the speed of light. Classical mechanics is
used to describe the motion of human-sized objects, from
projectiles to parts of machinery, as well as astronomical
objects, such as spacecraft, planets, stars, and galaxies,
and even microscopic objects such as large molecules.
Besides this, many specialties exist, dealing with gases,
liquids, and solids, and so on. It is one of the largest
subjects in science and technology.
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Although classical mechanics is largely compatible
with other ‘"classical" theories such as classical
electrodynamics and thermodynamics, some difficulties
were discovered in the late 19th century that can only be
resolved by more modern physics. When combined with
classical thermodynamics, classical mechanics leads to
the Gibbs paradox in which entropy is not a well-defined
quantity and to the ultraviolet catastrophe in which a
black body is predicted to emit infinite amounts of
energy. The effort at resolving these problems led to the
development of quantum mechanics.

Energy

Energy is a fundamental quantity that every
physical system possesses; it allows us to predict how
much work the system could be made to do, or how
much heat it can produce or absorb. In the past, energy
was discussed in terms of easily observable effects it has
on the properties of objects or changes in state of various
systems. Basically, if something changes, some sort of
energy was involved in that change. As it was realized
that energy could be stored in objects, the concept of
energy came to embrace the idea of the potential for
change as well as change itself. Such effects (both
potential and realized) come in many different forms;
examples are the electrical energy stored in a battery, the
chemical energy stored in a piece of food, the thermal
energy of a hot water heater, or the kinetic energy of a
moving train. To simply say, energy is "change or the
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potential for change", however, misses many important
examples of energy as it exists in the physical world.

Energy can be used not only to produce observable
change, it also is used to prevent change in which case
unaided observation of this kind of energy can be
difficult. For example, looking at a statue holding a 50
pound weight, the presence of energy needed to do so
may not be observable. However, if you are holding up
the fifty pound weight instead of the statue the need for
energy to accomplish this becomes apparent. You can
feel the gravitational force on you both when you are
moving the weight up and when you are not moving it.

Energy can be readily transformed iy
from one form into another; for instance, =
using a battery to power an electrical heater —~
converts chemical energy into electrical .
energy, which is then converted into thermal —
energy. In the previous example of holding the fifty
pound weight, the work you perform to raise the weight
is observed as kinetic energy of motion which is
converted to potential energy. Letting go of the weight
once again transforms this stored potential energy back
into kinetic energy as the weight falls under the force of
gravity. The law of conservation of energy states that the
total amount of energy, corresponding to the sum of a
system's constituent energy components, remains
constant. This law is not always applicable within the
realm of quantum mechanics. Scientists have also
defined several forms of energy that are not easily
measured by the unaided observer.

i
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A Machine

A machine is any mechanical or organic device
that transmits or modifies energy to perform or assist in
the performance of tasks. It normally requires an input as
a trigger, and transmits the modified energy to an output,
which performs the desired task.

Humans have used mechanisms and machines to
amplify their abilities. The primary difference between
simple tools and simple mechanisms or machines is a
power source and a somewhat independent operation.
The term machine generally applies to an assembly of
parts operating together to perform work. Generally these
devices decrease the intensity of an applied force,
altering the direction of the force or transforming one
form of motion or energy into another.

The mechanical advantage of a machine is the ratio
between the resistance or load, and the force required to
overcome it, although this ratio is not entirely accurate as
force is required to overcome friction, as well. To
compensate for this, mechanical advantage is calculated

as the ratio between the distance
moved by the force applied, and

the distance moved by the force
W not applied. The mechanical
. ., cfficiency of a machine is the ratio
of the actual mechanical advantage
(AMA) to the ideal mechanical advantage (IMA).
Functioning physical machines are always less than

100% efficient.
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Inefficiency of a machine is the degree or
percentage to which a machine does not accomplish the
work it could do without the restrictions of friction.

Modern power tools, automated machine tools, and
human-operated power machinery complicate this
definition greatly. Machines used to transform heat or
other energy into mechanical energy are known as
engines.

Gasoline Engine

Gasoline engine (also referred to as petrol engine
or Otto engine) invented at the end of the 19th century by
German engineer Nikolaus Otto is a type of internal
combustion engine which is often used for automobiles,
aircraft, small mobile vehicles such as lawnmowers or
motorcycles, and outboard motors for boats.

The most common engine of this type is a four-
stroke cycle internal combustion engine that burns
gasoline (in American English) or petrol (British
English). Burning is initiated by an ignition system that
fires a high voltage spark through a sparkplug, in contrast
to the Diesel engine which ignites the fuel through high
compression. The two-stroke cycle type of engine is
often used for smaller, lighter and cheaper applications
but it is less fuel efficient and, partly mmm
as a result, produces more F°
hydrocarbon exhaust emissions. :

Wankel engines can also use
gasoline as their fuel. One
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component in older engines is the carburator, which
mixes the gasoline with air. In later engines the
carburetor is replaced with fuel injection.

With minor modifications, the gasoline engine can
be made to run on other fuels. Use of natural gas, for
instance, is easy, since it is already a gas and mixes
readily with air; many automobiles have been modified
to run on natural gas, or to be able to switch back and
forth from natural gas to gasoline. Alcohol is another fuel
often used, although the fuel delivery system has to be
modified to deliver a greater volume of fuel
Applications such as drag racing where peak power
output is more important than engine longetivity add
nitrogen-containing fuels like nitromethane for this

purpose.
Diesel Engine

The diesel engine is a type of internal combustion
engine; more specifically, it is a compression ignition
engine, in which the fuel is ignited by being suddenly
exposed to the high temperature and pressure of a
compressed gas containing oxygen (usually atmospheric
air), rather than a separate source of ignition energy
(such as a spark plug), as is the case in the gasoline
engine.

This i1s known as the diesel cycle, after Rudolf
Diesel, who invented it in 1892 and received the patent
on February 23, 1893. Diesel intended the engine to use a
variety of fuels including coal dust. He demonstrated it in
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the 1900 Exposition Universelle (World's Fair) using
peanut oil. It was later refined and perfected by Charles
F. Kettering.

Isaac Newton

Sir Isaac Newton (25 December
1642 — 20 March 1727 by the Julian
calendar in use in England at the time;
or 4 January 1643 — 31 March 1727 by
the Gregorian calendar) was an English
physicist, mathematician, astronomer,
philosopher, and alchemist who wrote
the Ph1losoph1ae Naturalis  Principia Mathematica
(published 5 July 1687), where he described universal
gravitation and, via his laws of motion, laid the
groundwork for classical mechanics. Newton also shares
credit with Gottfried Wilhelm Leibniz for the
development of differential calculus. While they both
discovered calculus nearly contemporaneously, their
work was not a collaboration.

Newton was the first to promulgate a set of natural
laws that could govern both terrestrial motion and
celestial motion. He is associated with the scientific
revolution and the advancement of heliocentrism.
Newton is also credited with providing mathematical
substantiation for Kepler's laws of planetary motion. He
would expand these laws by arguing that orbits (such as
those of comets) were not only elliptic, but could also be
hyperbolic and parabolic. He is also notable for his
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arguments that light was composed of particles (see
wave-particle duality). He was the first to realise that the
spectrum of colours observed when white light passed
through a prism was inherent in the white light and not
added by the prism as Roger Bacon had claimed in the
13th century.

Newton also developed a law of cooling,
describing the rate of cooling of objects when exposed to
air; the binomial theorem in its entirety; and the
principles of conservation of momentum and angular
momentum. Finally, he studied the speed of sound in air,
and voiced a theory of the origin of stars.

Quotations about Newton

"The Principia is preeminent above any other production
of human genius." — Pierre-Simon Laplace

"Taking mathematics from the beginning of the world to
the time when Newton lived, what he has done is much
the better part." — Gottfried Leibniz

"All that has been accomplished in mathematics since his
day has been a deductive, formal, and mathematical
development of mechanics on the basis of Newton's
laws." — Ernst Mach

"Nature and Nature's laws lay hid in night: God said, Let
Newton be! and all was light." — poem, Alexander Pope
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