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OOyuenue mnpodeccHOHATbHO-OPUEHTUPOBAHHOMY — dTe-
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cnenuanbHocTel (anrnuiickuii s361k) / [lox pen. H.K. MBaHoBOIif;
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VY4yebHOe nocoOue npeHa3HaYeHo JUIsl ayIUTOPHBIX 3aHs-
THH CO CTyJEHTaMu 2 Kypca TEXHMUYECKHUX CIEHUaIbHOCTEH
(Tpynmbl MEXaHUYECKOTo (paKyIbTeTa), U3Y4atoLUUMH aHTJINHCKUI
s3bIK. Llenb mocodusi — MmoAroTOBUTH CTYICHTOB K paboTe ¢ opH-
TMHaJIbHON JHTEpaTypol, OOyYUTb HEOOXOIMMBIM JIEKCHKO-
rpaMMaTUYeCKUM HaBBIKAM IS HM3BJICYCHHS WHPOpMAUU U3
po¢ecCHOHATbHO-OPHEHTUPOBAHHBIX TEKCTOB.

TekcTsl U ynpa)kHEHHUs Ka)KJI0r0 ypoKa ITO3BOJISIIOT OCYyIIe-
CTBUTH paboOTy MO OOYYEHHUIO pa3IMyYHBIM BHJIAM YTEHUS, 3aKpe-
IIUTh MOJIy4YE€HHBIE HAaBBIKU pAaOOThl C MHOS3BIYHBIM TEKCTOM. [lo-
CJIETEKCTOBBIE YIPAXHEHUS HANpaBICHbl HAa PA3BUTHE HABBIKOB
Pa3rOBOPHOM peUH U Mepeayn MoTyYeHHOH HH(OpMAIIHH.

3aBepmiaeTcd mocoOue TeKcTaMH Ul JONOJHHUTEIBHOTO
(kKaKk aygUTOPHOIO, TaK U CAMOCTOSITEJILHOI0) YTEHHUSI, HAIIPaBJIECH-
HbIMM Ha IOBTOPEHHUE IPOMUIEHHOIO JIEKCHKO-IPaMMaTH4ECKOIrO
MaTepHuaa.

Pentensenr
KaHAUIAT (PUI0TOrHYecKrX HayK, TOUeHT A.A. AGBI30B
(MBanOBCKas rocyiapcTBEHHAas! TEKCTUIIbHAS aKaieMusl)



Lesson 1
Grammar: It, that
Text: Iron and Steel

IIpenTexcToBble YIIPAKHEHHUS

1. 3amoMHUTE IPOU3HOMCHHUEC CICAYIONMINX CJIIOB!

earth /' 3:0/

useful /azstul/

iron /'aton/

ore /a:/
considerable /kan' sidorabl/
either ... or /" a1dd o:/
quantity /'kwontitl/
certain /' s3:tan/
majority / ma'dzprati/
engineering / end31' n1ariy /
moreover /' mo:rauva/
blast furnace /'bla:st f3:n1s /
constituent /kan'stitjuant/
behaviour /br'hervja/

2. IlepeBeanTe mpeUIOKEHUA, oOpalias BHHUMAaHUE Ha 3HAUCHHE
BBIJICJEHHBIX CJIOB U COYETAHUM

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 — wu ...um
Modern industry needs many metals — either in the form of iron
or in the form of steel.
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by means of — nocpeicTBOM, Ipu MOMOIIU
The impurities in the iron ore are removed by means of smelting.

3. IlepeBeuTe CASAYIONIME CIIOBA, HE MOJIb3YSICh CIIOBAPEM:

Industry, modern, form, product, magnetic, electrical, combine,
carbon, machinary, manufacture, complex, sulphur.

TEXT A. IRON AND STEEL

It is known that the earth contains a large number of metals
which are useful to man .One of the most important of these is
iron. Modern industry needs considerable 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 im-
portant, but even today the most part of our engineering products
are of iron and steel. It is necessary to note that iron possesses
magnetic properties, which have made the development of electri-
cal power possible.

The iron ore, which we find in the earth, is not pure. It con-
tains some impurities that must be removed by means of smelting.
The process of smelting consists of heating the ore in a blast fur-
nace from the bottom and provide the oxygen which is necessary
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 fur-
nace 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. Cast iron
doesn’t have the strength of steel. It is brittle and may fracture un-
der tension. But it possesses a number of properties which make it
very useful in manufacture of machinery. In the molten state it is
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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 substances.
These non-metallic constituents of cast-iron contain carbon, silicon
and sulphur, and the presence of these substances affects the be-
haviour of the metal. Iron, which contains a small quantity of car-
bon, for example, wrought-iron, behaves differently from the iron
which contains a lot of carbon.

Notes
smelting IUIaBKa MeTajula
ore pyaa
blast furnace JIOMEHHAs T1eYh
coke KOKC
limestone U3BECTHSIK
slag IIUTaK
tap Kpai
pig iron YyI'yH
cupola BarpaHka
cast iron CephIii UyTYH
to cast OTJINBAaTh
shape nuteitHas Gpopma
to machine MOIBEpraTh MallTMHHON 00paboTKe
wrought-iron CBapouHas cTalb (Kese30)
fricture 00pa3oBBIBATh TPEUTUHY
tension HarnpsHKeHUe

ITocieTeKCTOBBIE YIIPAKHEHMS

1.HaiimnTe B TeKCTE U poaHAIM3UPYVIiTE QVHKIMHU cioB it, that

2. TlepeBenere cioBa, o0Opamas BHUMaHue HAa cy(DdUKCHL U 1Ipe-
HKCBI




to use — use — useful
industry — industrial

to develop — development
electricity — electrical
pure — impure — impurity
to reduce — reduction

to heat — heating

to melt — melting

3.Haligure B TEKCTE CIEAVIOIINE CIIOBOCOYETAHUSI

Bosbiioe Komu4ecTBO METAIOB
CoBpeMeHHast TPOMBIIIIICHHOCTh
OnpenenéHHblil ps METAJUIOB
LIBeTHBIE METAILIBI

MarsuTHbIE CBOMCTBA

OO0nanath psIOM CBOWCTB

B pacrinaBieHHOM COCTOSTHUH
OTnuBaTh B CIOXKHBIE (DOPMBI

NN R WD =

4. HalimuTe B TEKCTE U NIEPEBEIUTE

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. 3amoMHUTE CIaCAYIOmMUE CJI0BA U NMNCPEBCANTEC MPCIOKCHUA

to melt — maBUTHCS
molten — pacriaBIeHHbIH
mould — nuteitnas Gopma, pecc-popma



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

to smelt — nIaBUTE

smelting — TuTaBKa

pig-iron — 4yryH

ore — pyja

blast furnace — noMmeHHas neyn

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 fur-
nace.

6. 3aIOMHUTE CHHOHMMEBI. 3aMEHUTE NOAYCPKHYTHIC B MPCATTOKEC-
HUAX CJ10Ba CHHOHUMMUWYHBIMHU, ICPEBCAUTEC UX

quantity, amount — KOJMYECTBO

property, characteristic, quality — cBONHCTBO, Ka4eCTBO
to have, to possess — uMeTh, 001a1aTh

component, constituent — cocTaBHasi 4aCTh, KOMIIOHEHT
fluid, liquid — >xunkuit

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. 3a1OMHUTE aHTOHHUMEI. HGDGBGI[I/ITC OpECIAJIIOXKCHHUA

pure YUCTBIN
impure C IPUMECHIO
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impurity pUMech

heating HarpeBaHue
cooling OXJIAXKICHUE
reduction BOCCTAHOBJICHUE
oxidation OKHCJIEHHE

top BEPXHSIA 4aCTh
bottom ITHO

remain ocTaBaThCs
remove YIAIATh

brittle XPYIKHHA

hard TBEPIbIH

By cooling the substance we can lower the temperature to freezing
point; by heating the substance we can raise the temperature to
boiling point.

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

They remain the pure metal in the furnace.

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

8. 3amoJHNUTE IPOMYCKH COOTBETCTBVIOIIMMHU CIOBAMU

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

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

3. Iron 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 limestone.

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.



(cBolicTBa, KOMIOHEHT, KOJIMYECTBO, KOKC, CEpPBI YYT'yH, COJEp-
KaTh, )KUJIKUH, JOMEHHA 11€Yb. )

9. HaliyinTe B TEKCTE OTBETHI HA CASAYIOIMME BOIPOCHI:

I. 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. Ha3oBuTe mnepeyrciacHHBIE B TEKCTE BELIECTBA, METAJUIBL U
syeMeHThL. X nomkHo ObiTh 11.

11.CokpaTtuTe TEKCT, COXpPAaHUB €r0 OCHOBHOE COACPKAHHUE.

12.Ilepenaiite conepKkaHre TEKCTAa MO-PYCCKU, MMO-aHIJINICKH, CO-
XpaHUB I10CIE€A0BATENLHOCTD IT01aYl MH(POPMAIIUU B HEM.

13. Uzyunte npaBuia nepeBojaa v GyHkimu it u that. [Tepereaure
PEJUIOKEHUSI.
1. The processes that were discussed are of great importance for
the country's industry.
2. It is very important to find suitable engineering materials for
every part of a machine or structure.
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3. It was this engine that H. Diesel patented in 1892.

4. The efficiency (mommnocTs) of the diesel engine is higher than

that of the other engines.

5. The viscosity of water is 30 times  greater

than that of air.

6. It is known that the charge of the proton is equal in size but

opposite in sign to the charge of the electron.

7. Thorium possesses properties similar to that of uranium.

8. These data can be classified into two groups.

9. He said that applications of electricity are quite numerous. It is

impossible to consider them in this book.

10. This particle is very small. It cannot be seen.

11. It 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. It was Yablokov who was the first to understand the advantage

of a transformer.

16. The fact is that it is the Soviet scientist Chernov who found

«critical pointsy.

17. That the earth turns round the sun 1is known

to everybody.

18. Uranium is a very heavy silver-white metal, hard, it is 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 I8th cen-

tury.

23. The metals that alloy freely with aluminium are copper, zinc
11




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 indus-
trial applications.

14. TIpoBepbTe, 3HaeTe U BBI CIEAVIOIINE CIIOBA:

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 ma-
chine, cupola.

15. Tloxbepure COOTBETCTBVIOIINE AHIVINICKHAE DKBUBAJICHTEI.

1. TBepubIi 1. brittle

2. KOJIMYECTBO 2. quality

3. BOCCTaHOBJICHHE 3. ore

4. cepblil YyTyH 4. fluid

5. 1moMeHHas Ieyb 5. characteristic
6. pyna 6. to smelt
7. TIaBUTH 7. reduction
8. mpumech 8. quantity
9. CBOWMCTBO 9. castiron
10. xpynkuit 10. to possess
11. sxunkui 11. hard

12. obnanath, UMETH 12. impurity

16. IlpounTaiiTe M mepPEBEAUTE TEKCT. 3ATANTE K €r0 COAEPIKAHHUIO
5 BOIIpOCOB pa3HBIX THIIOB.

12



TEXT B. PRODUCTION OF CASTINGS

Production of castings made from different metals requires
different types of melting 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 furnaces are
used. Non-ferrous metals are generally melted in crucibles or elec-
tric 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 different metals. In many cases, it is necessary as well to treat
either the metals or the castings in some special way before the
castings can be used.

17. IlpounTaiiTe, IEPEBEUTE U HEPECKAKUTE TEKCT.

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 Africa in 1960s of the
20" century. These were usually small chimneys about 18 in. in
diameter and about 4 ft high, built of clay. A crude bellows oper-
ated 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 operated 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 fur-
nace was then pulled down and the frozen metal removed.

Notes
in. inch (zroiim)
ft. foot (dyT)
bellows BO3/IYXO/JyBHBIC MEXU
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Lesson 2.
Grammar: one
Text: The Kinetic Theory of Heat

IIpenTexcToBble YIIPAKHEHHUS

1. 3aOMHUTE IPOU3HONICHUE CISAYIOIIMX CJIOB:

kinetic /kai'netik/
equilibrium /i:kwi'libriom/
fundamental /fanda'mental/
equal /'i:kwal/
liquid /'likwid/
average ['&vridz/
gaseous /'g@esias/
sufficiently /sa'fifontli/
evaporate /1'vaeparert/
thermal /'03:mal/
degree /dr'gri:/
cohesive /kau'hi:stv/

2. IlepeBeaure, HE MOJIL3YICH CIIOBAPEM.

Solid, liquid, gaseous, iron, thermal, transform, transformation,
permanent, normal temperature, kinetic energy, absolute zero, in-
termolecular, unlimited expansion.

3. IlepeBeaure npeUioKeHUs1, 00panas BHUMAHUE HA HOIYEPKHY-
TBIE CJIOBOCOYETAHUS.

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

14



The + npun. B cpaBHUT. CT., the +mpui. B ¢p. cT. — YeM..., TeM
(the ... the)
The faster the molecules move, the hotter the body seems.

Sooner or later — paHo WM MO3IHO
No longer — 6oub1ie He
There come sooner or later the stage when the cohesive forces are
no longer able to keep the molecules rigidly (HenoaBmxHO) in their
places.

TEXT A. THE KINETIC THEORY OF HEAT

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 iron evaporates at
several thousand degrees and even air freezes into a solid block at
sufficiently low temperatures. Thus, the difference between the
solid, liquid and gaseous states of a given body depends upon its
thermal condition. By adding heat to a solid body one transforms it
into a liquid. By adding still more heat one may transform the lig-
uid 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 sec-
ond and transfer to them a part of their kinetic energy. 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 possess 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 possible
temperature, or an absolute zero, at which the molecules of all ma-
terial bodies are completely at rest. At this temperature the con-
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stituent particles of any substance will stick together, because of
intermolecular cohesive 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 prevent 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 MIPUBOANTH B COCTOSIHHE
to collide CTAJIKMBATHCS
boundary rpaHuIa
at rest B COCTOSIHUU IIOKOS
to stick together 3]1. MPUMBIKATh JIPYT K APYTY
to fly apart 311. OTJIETATh APYT OT Apyra
finite OTrpaHUYEHHBIN
to tear apart OTPBIBATHECA
flow MOTOK
cohesive CBSI3YIOITHI

IlociieTeKCTOBBIE YIIPAXKHEHUS

1. ITepeBenute, oOpaias BHUMaHue Ha cyOOUKCHI, TPePUKCHI

sufficient- sufficiently

gas- gaseous

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

complete- completely

rigid- rigidly

expand- expansion

2. Halinyrte B TEKCTE CIECAYIONINE CIOBOCOYETAHUS

1. Hwuszkue temnepaTypbl

2. T'a3000pa3HOE COCTOSIHHE

3. MonekynspHas Teopus

4. BBICTPOIBIIKYIIUECS MOJIEKYITBI

5. OOmme rpaHuIlbl

6. Kunernueckas sHeprus

7. OnuHakoBas TeMIeparypa

8. CocraBHbIE YaCcTH

9. Cwuibl cenJIEHUS

10. besrpannyHoe pacumpeHue

3. 3an0JIHUTE MPOMYCKHU MOJIXOSIIUMHU 10 CMBICIY CIIOBAMHU
1. There are three ... states.

2. Eveniron ... at several thousand degree.

3. Air ... into a solid block at sufficiently low temperature.
4. By adding heat to a solid body one can ... it into liquid.
5. The molecules of every material body ... at normal tempera-
ture.

(nBUTaTHCH, IPEBpAIATh, 3aMeP3aTh, OCHOBHOM, HCTIAPSATHC)

4. 3anmomanTe cHHOHUMEL [lepeBeanTe HA PYCCKUM S3BIK

To transform, to change, to convert — npeBpaiarb
State, condition — cocrosiHue
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Metal which is hardened by cold-working may be brought back to
its original state (condition) by annealing. (oT>xur).

This furnace converts the chemical energy in the fuel into heat.
The gas engine transforms heat into mechanical energy.

5. CrpynonupyiiTe aHTOHUMEL IlepeBeauTe nIpeuioKeHNs

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. OTBeThbTE HA BOOPOCHL:

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 is it possible to transform a solid body
into a liquid?

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

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

7. What is an absolute zero?

8. What happens to a substance as the
temperature rises?
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7. CokpaTuTe TEKCT, COXpPAaHUB €I0 OCHOBHOE COJIEp:KaHHE.

8. Ilepenaiite comepkaHne TEKCTA IO-PYCCKU, O-aAHTJINICKH.

9. IlpoBeprTe, 3HaeTe 1 BEI caeayIonue cioBsa:

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

10. Mzyunre dyukmuu "one", nepeBeauTe NpeioKEeHUs.

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 (moucTopu-
4yeckoe) 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 ex-
plosion.

5. Ductile (anactuunsie) materials have greater strength than brit-
tle ones.

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

7. If one knows the acceleration of a body, one can easily define
its speed at any time after it has started its motion.

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. One can determine the specific gravity of the substance if one
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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. Observing the arrangement (pacmonoxenue) of atoms in a
solid, one can better understand its properties.

14. One of the ways of obtaining oxygen is to decompose water by
the electric current.

15. One knows that the heavier the nucleus (sapo), the denser the
energy levels.

16. One thinks this hypothesis is doubtful.

17. One is to remember that as a wire becomes thicker, its resis-
tance is less.

18. One way of classifying a solid is according to its electrical
properties.

19. One may convert potential energy into kinetic one.

20. It was known that elements could unite with one another in
more than one proportions but one should know that Dalton was
the first to discover a simple relation between the different propor-
tions in which the elements combine.

11. IIpounTaiiTe ¥ IEPEBEANTE TEKCT, IMOJIB3YIAChH CII0OBAPEM

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
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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. 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 neighbour-
ing 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 is 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
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radiation from the 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. KpaTKo U3JI0XKHUTE COAEPKAHUE TEKCTAa Ha aHIVIMHCKOM SI3EIKE,
pacriojiarag MHGOPMAIIMIO B COOTBETCTBHH CO CIEAVIOIIEN cXe-

MOW:
Heat

Heat transfer mechanisms

[Conduction] [ Radiation ]

[ Convection ]

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 vari-
ous ways. Steel which contains very little carbon will be milder
than that which contains a higher percentage of carbon up to the
limit about 1,5%. One can heat the steel above a certain critical
temperature, and then allow it to cool at different rates.

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

chining 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.

Notes
annealing OT)KHT
to drop HOrpyXarh
tempering OTMYCK /cTanu/
treatment o0paboTka

1. Answer the following questions:

1. How is it possible to change the
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?

kW
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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 veloc-
ity, the word “velocity” meaning both size and direction of the mo-
tion. When interested only in the size of the motion, we use the
word “speed”. If the velocity is not constant we have an accelera-
tion, 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 is important to understand that an acceleration is not fully
determined when we do not know the time required to change the
speed.

The simplest case of accelerated motion occurs when the ve-
locity 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 “unbal-
anced” force we mean each push or pull which acts in one direc-
tion with a greater strength than in the other. For example, a loco-
motive is 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 en-
gine.

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 sur-
rounding 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.

The fact is that physics is divided into five divisions: me-
chanics, heat, electricity, sound and light. We’ll have to deal with
mechanics 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. Mechanics 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 equilib-
rium, 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 motion. The matter is that statics is simpler than kinetics.

Notes
the former NEPBBIA U3 YIIOMSIHYTHIX
the latter BTOPOU M3 YIOMSHYTBIX

(98]

. 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?

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

N
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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 uniform motion in a
straight line. Our aim is to consider two kinds of forces. When a
body that is in motion and therefore possesses kinetic energy, is
acted upon by a force, it loses its kinetic energy. When thrown ver-
tically upwards, a body is acted upon by the forces of gravity, but
this force continues to act and pulls the body back to its starting
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, re-
spectively, 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 direction or magnitude of the motion at that moment. It
is these forces that are called positional.

That the case is very different when the arresting force is fric-
tion 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 automo-
bile, simply comes to rest, and the force does not help it to recover its
kinetic energy expended. Friction opposes the motion of the body in
whatever direction the body may be moving. A force depending on
the state of motion of a body is called a motional forces.

5. Answer the following questions:

I. When  does a body in motion lose its
kinetic energy?

2. What force acts on a body thrown
vertically upwards?

3. Does the body recover its kinetic energy if it has returned to its
starting point?

4. What forces are called positional ones?

5. What forces do positional forces depend on?

6. What force is called a motional force?

6. Retell the text.
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Lesson 4
Grammar: Would, Conditional clauses.
Text: Expansion

IIpenTexcToBble YIIPAKHEHHUS

1. 3anOMHUTE IPOU3HONICHUE CISAYIOIIMX CJIOB:

expand /1ks'paend/
zine /'zink/
expansion /iks'p@nfn/
metre /'mi:to/
special /'spefl/
millimetre /mili'mi:to/
precise /pri'sais/
breadth /'bred6/
aluminium /elo'mimiom/
cubic cubic

for instance /for 'Instons/
increase, v /m'kri:z/
increase, n /'mkri:s/
platinum /'plaetinom/
wire /'waro/
liquid /ikwid/

2. IlepeBeuTe COCAYIONINE CIOBA, HE HOJIL3YICh CIIOBAPEM:

Special, instrument, metal, aluminium, metre, millimetre, steel,
cubic, litre, platinum.
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3. HeDeBeI[I/ITe OpCaAJIOKCHH A, o6pama;1 BHMMAHHMEC Ha CTCIICHU
CpaBHCHUS NIPpHUJIArarCJIbHbIX

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 instruments 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. On deter-
mining 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 volume increases, such
expansion being called cubic expansion. 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 ¢. Some liquids expand
even more than water.

28



Notes

precise TOYHBII

similarly Mo00HBIM 00pa3oM
rod CTEpKEHb

object peaMeT

breadth HMIMPHHA

namely a UMEHHO

IlociieTeKCTOBBIE YIIPAXKHEHUS

1. IIpoagamusupyiite (QVHKIHUK cJIOB «ity, «thaty u “would”,
BCTPEUAIOIIMECS B OPEUIOKEHUIAX JAHHOTO TEKCTA.

2. IlepeBeauTe ciioBa, 06pa1ua;{ BHMMAHHEC Ha CVd)d)I/IKCBI H IIpC-

!I!I/IKCI)I.

to expand — expansion

to differ — different — difference
similar — similarly

special — specially — speciality
precise — precisely

thick — thickness

long — longer — length

broad — breadth

3. HalignTe B TEKCTE CIEAVIOIINE COUCTAHUS:

To4YHBIE HHCTPYMEHTBI, pa3JINYHbIE METAJUIbI, C PA3JIUYHOU CKOPO-
CTbIO, OOBIYHBIE METAJUIbl, IUIATUHOBAs IPOBOJIOKA, CTaIbHOM
METPOBBIM CTEPKEHb, MOBBIIIEHUE TEMIIEPATYPBI, CKOPOCTh pac-
HIMPEHUS, KyCOK CTaJIH, OJUHAKOBBII 00BEM.
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4. IlepeBeinTe HA PYCCKUM S3BIK CICAYIOIINE COUCTAHMS:

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,O0.

5. 3a0OMHUTE CIEAVIOIINE CHHOHUMBI. 3aMEHUTE TMOTYEPKHVYTHIE
CJIOBA CHHOHUMUWYHEIMU. [lepeBenuTe nNpeuioKeHNs.

instruments, tools — HHCTPYMEHTBI
to use, to employ, to apply — npumeHaTH

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

The applied tools will allow to analyse this complex phenomena
very precisely.

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

6. 3amoMHUTE CIEeayIole auTOHMMEBL. [lepeBennTe npemioKeHusl.

expand, contract — paciupsTh, CKUMAaTh

1. Many substances will expand if we heat them — they will be-
come bigger or longer.

2. Many substances will contract if we cool them — they will be-
come smaller or shorter.

increase, v /m'kri:s/ YBEJIUYUBATH
decrease, v /dr'kri:s/ YMEHBIIIATh
increase, n /'t:gkris/ yBEIIMUYECHUE

1. The heat of vaporization decreases with 'increase in molecular
weight.
2. Nickel increases strength and hardness of steel.
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7. 3anoHATE MPONYCKH NOIXOISIITUMHU O CMBICTY CJIOBAMMU:

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

Aluminium ... less and zinc more than other common metals.
When the volume increases such expansion is called ...
Liquids ... more than solids.

Some liquids expand more than ...

Nk W=

(kyOmdeckoe, BEIecTBO, BOJa, )KUIKOCTH, PACIIHPITHCS)
8. Ckaxxure, COOTBETCTBVIOT JU MAHHBIE VTBEPKIEHUS COJEDKA-
HUIO IpouuTaHyoro. [loae3viitecsk hOpMYIION:

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

1. Almost all solids expand when heated and this expansion is
very great.

2. Different metals expand at the same rate.

3. 1n order to see expansion it is necessary to use special instru-
ments.

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.

9. OTBeTHTE HA CHAEAVIOIINE BOIIPOCHL.

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?
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10. TlepenmaiiTe coaepKaHHE TEKCTa MHO-PYCCKH, HO-aHTIUHCKH,
COXPAHUB MOCJIEA0BATEIBHOCTD MOAAYN MH(MOPMAIIUU B HEM.

11. M3yunTe mpaBuja MepeEBOia YCIOBHBIX OPEIOKEHUN.

12. TlepeBeaure craeayrolue NPEUIOKEHUs, oOpalas BHUMaHUE
Ha ¢yHKIMHY "would" ¥ TUIIBI YCIOBHBIX MIPEUIOKEHUI.

1. Charged particles cannot be used for nuclear experiments 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. 1If we want to know the size of a body, we have to measure it.

5. If there were no electricity, industry would not develop so rap-
idly.

6. If the temperature remained constant, no expansion would take
place.

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

8. Glass, when it is 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. If two or more pure metals are mixed in molten state (pac-
1aBJieHHOe cocTosiHue), we shall have an alloy after cooling.

12. If the two elements form a solid solution, the alloy will be
harder and stronger.

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

14. If 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.
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16. Had not enough air been admitted to the fire, a part of the fire
would have been converted into carbon monoxide.

17. If phosphorus tin is used and alloyed with copper, better 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.

20. Professor Roentgen proved that the rays would pass through
solid substances.

13. Packpoiite CKOOKH, yOOTPeOsis COOTBETCTBYIOUIVIO (HOpMY
ranarojia. Onpenenure TN VCIOBHOIO Mpeioxkenus. Ilepeseanre

OpCAJIOKCHUA.

1. If we (to heat) a solid body or a liquid, they will usually 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. TlepeBeauTe MPEIOKEHN HA AHTIIMUCKHUH S3BIK.

1. MpI ObI TOJXYYHIIH JIYUIIHE PE3YAbTAThI, €CIH OBl UCTIOIH30BA-
JIM Ipyroy MaTepuai.

2. DTO BemEeCTBO MOXXHO ObLIO ObI ONMpenenuTh, €Cau OBl MBI
3HaJIM CBOMCTBA, KOTOPBIMU OHO 00JaaerT.

15. IlpoBepbTe, 3HAETE JIM BBl CIEIVIOIINE CIOBA:

solid, to expand, expansion, to contract, contraction, special, tool,
to show, wire, rod, platinum, similar, steel, to raise, necessary,
length, breadth, thickness, volume, cubic, ratio, to apply, instru-
ment, to employ, precise.
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16. [TonbepuTe COOTBETCTBYIONINE AHIVININCKUE YKBUBAJIEHTHL:

1 pacmupenue 1 similar

2 IPUMEHSTh 2 to rise

3 CKOpOCTh 3 contraction
4 cxxatue 4 tool

5 mpoBoJIOKa 5 thickness
6 nmuHa 6 expansion
7 TOYHBIN 7 velocity

8 TOX KM 8 precise

9 UHCTpYMEHT 9 length

10 Tommmaa 10 wire

11 noBeIIaTH 11 to apply
12 TBep10€ BEILIECTBO 12 volume
13 o0Bem 13 solid

17. IloBTOPHTE OCHOBHBLIE MOACIN YCIOBHEIX NpeanokeHni. Pac-
KPOWTE CKOOKH, YIIOTPEOJIsis COOTBETCTBYIONIYIO (hOpMY TIiaroJa.
IlepeBeUTE TEKCT.

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.

TEXT B. WHAT IS TEMPERATURE?

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

If two objects of the same material (to place) together
(physicists say when they are put in thermal contact), the object
with the higher temperature (to cool) while the cooler object (to
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become) warmer until a point is reached after 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 systems) (to be) in
thermal equilibrium. We can then (to define) 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 equilib-
rium.

If we (to experiment) further with more than two systems,
we (to find) that many systems can be brought into thermal equi-
librium with each other. Thermal equilibrium 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
equilibrium with each other, and they all (to have) the same tem-
perature 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 another (the zeroth law of thermo-
dynamics).

Now one of the three systems could be an instrument cali-
brated to measure the temperature — i.e. a thermometer. When a
calibrated thermometer (to be put) in thermal contact with a sys-
tem and it (to reach) thermal equilibrium, we then have a quantita-
tive measure of the temperature of the system.

18. IIpounTaiite TekcT. JlaiiTe CIEQYIONIUE ONpPEACIIEHUs] Ha aHr-
nuiickoM s3bike: Temperature, The quantity of heat u Specific
heat

TEXT C. HEAT

It is very important not to confuse quantity of heat and
temperature. Temperature 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
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same substance, one exactly twice as large as the other, but both at
the same temperature, 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 de-
fined as the amount of heat necessary to rise the temperature of
one gram of the substance at one degree Centigrade (C). Specific
heat is 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 capacities of mate-
rials are of great importance in calculations involving the heating
of furnaces, the drying of materials, the distillation of petroleum
and the melting operations.

Notes
twice as much energy BJIBOC OOJIBIIIE SHEPTUU
in calculations involving B pacyeTrax, BKIFOYAIOLINX
Lesson 5.

Grammar: Subordinate Clauses
Text: Early Methods of Iron Making

IlpenTexcToBbIE YIIPAKHEHUS

1. 3anOMHUTE IPOU3HONICHUE CISAYIOIIMX CJIOB:

ornament /"9:namont/
archaeologist /aki'plod3ist/
ancient /'einfont/
corrodibility /ka'roudibilitl/
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implement /'tmplimant/
weapon /'wepan/
wipe out /'waip 'aut/
charcoal /'tfa:kaul/
shallow pit /'feelou pit/
spongy /'spondzi/
alternate /'9:1tonert/
bamboo /bem'bu:/
clay /kler/

wax /weaeks/

2. IlepeBeuTe COCAYIONINE CIOBA, HE HOJIL3YICh CIIOBAPEM:

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

3.IlepeBenuTe IPEIIOKSHUS, 06pa1ua;{ BHMMAHHMEC Ha BBIACJICHHBIC
CJIoBa.

According to — B COOTBETCTBUU C, COTIIACHO
According to some archeologists, the use of bronze followed the
use of the native metals by the ancients.

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

Until — g0 Tex mop moka, 110

The new method spread rapidly although the old direct methods of
making iron persisted until comparatively recent times.
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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.
Many modern metallurgists disagree with this because of the diffi-
culties involved in smelting copper-alloys. Their belief is that iron
antedated the use of bronze by a considerable 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 reduced from its ores
much more readily and by cruder methods than copper or tin. Also
the ores of iron are considerably 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 introduced through an underground tube.
The product was an impure mixture of spongy iron, slag, and un-
reduced 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 practised in In-
dia. The furnace was round and of open construction, 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.

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 shallow pit and fired by charcoal.
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The increased furnace temperature, which resulted from in-
troducing 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
comparatively recent times.

Notes
in the native state B CAMOPOJTHOM COCTOSIHUH
involved in smelting CBSI3aHHBIX C BBITIJIABKOM
corrodibility CIOCOOHOCThH TIOJIBEPraThCs KOPPO-

31U, OKHCIIACMOCTD

left bronze as the earliest ocraBuna OpoH30BBIE H3AETHS B
remains of smelted met- kadecTBe HamOoyiee NIpPEeBHHUX TMa-

als MSTHHKOB METaJUIOB, BBITUIABJICH-
HBIX U3 PY

for working the furnace s ynpasnenust paboToit meun

in shallow pits B HEOOJBIUX (BBIMUIABIICHHBIX W3
pya) yriayoneHusx

was withdrawn U3BIIEKANIaCh

was fired by charcoal HarpeBaigach MIaMeHEM JPEBECHOTO
YIS

cast iron industry YYT'YHHO-JIMTEHHAsE  TPOMBIIIICH-
HOCTh

ITocieTeKCTOBBIE YIIPAKHEHMS

1. HaiiguTe B TeKCTe MPHAATOYHBIC IMPEIIOKESHUN W ONPEIACIINTE
HUX BUJ
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2. IlepeBeauTe clioBa, 06pa1ua;{ BHMMAHHEC Ha CVd)d)I/IKCBI H IIpC-

!I!I/IKCI)I.

metal metallic
principal principally
corrode corrodibility
wide widely

pure impure

mix mixture

smelt resmelt
compare comparatively
wide - width widely

3. HalianTe B TEKCTE CIEAVIOIINE CIIOBOCOUYETAHMUS.

Jlerko BocmameHsiemasi eje3Hasl pyJa, MoJ3eMHas Tpyoa, mpo-
CTBIE KO’KaHbIE MeXa, HEBOCCTAHOBIIEHHAsI Py, pa3iaudHbie (op-
MBI, OKOJIO 9 ¢yTOB B muamerpe, rydodaroe skene3o, Yepeayromme-
Csl CITOM, TJIMHSAHBIN TUTeNb, TECTOOOpa3Has Macca.

4. 3amoJHHUTE OPpONyYyCKH NOAXOAAINMMH IO CMBICJTY CJIOBAMU.

1. Probably the first metals wused 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)

40



5. IlepeBenuTe OPEUIOKEHNS HA AHTIIUUCKUHN A3LIK.

1. Jlerko BoccTaHaBIMBaeMas J>Xelle3Has pyla CMEIINBAJIach C
JPEBECHBIM YTJIEM.

2. TlpocTsle KOKaHbIE MeXa HarHETAIN BO3/IyX Yepe3 MOI3EMHYIO
TpyOy.

3. Tlocrme MOBTOpHOW NeperaBKH MSTKOE JKele30 KOBaJoCh B
pa3nuyHble POPMEI.

6. OTBeTHTE HA BOOPOCHL:

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?

7. CokpaTuTe TEKCT, COXPAaHUB €T0 OCHOBHOE COJIEp:KaHHE.

8. Ilepenaiite coaepkaHne TEKCTA IO-PYCCKU, MO-aHTJIMICKH.

9. U3yunTe mpaBmia OepeBoga NPUAATOYHBIX IIpeiokenuii. Ile-
DEBEONTE CIEAVIOIINE IIPEUIOKEHNSI M IPOAHATH3UPYUTE HX

CTPYKTYpPY.

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 burning.

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
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motion of material bodies that are subjected to various kinds of
forces.

6. Force is 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.

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 discovery 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 together.

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 con-
tinue our experiments.

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

17. It has been noted that the addition of a neutron produces iso-
topes (such as heavy hydrogen which is an isotope 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 semi-
conductors.

20. The sand which is used for making moulds should be refrac-
tory (OrHEYHOpHBIiA).

21.

10. IlpoBepbTe, 3HAETE JIM BbI CAEAYIOUIUE CJI0BA

Native state, to involve, belief, to antedate, corrodibility, imple-
ments, to wipe out, trace, to reduce, shallow pits, crude bellows,
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underground tube, spongy iron, unreduced ore, various shapes, al-
ternate layers, pasty mass, fluid form, cast iron industry, compara-
tively.

11. HaWiaute onpeaeauTelbHble NMPUIATOYHBIE IPEIOKEHUS U
HOCTAaBLTE B HAYAJE UX COIO3HOE CJIOBO C OTHOCIIIMMCSA K HEMY
opejuioroM. IIpenio)keHus nepeBeIuTe Ha PYCCKUN A3BIK.

1. The Academy, M. V. Lomonosov worked in, was established
by Peter 1.

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 struc-
tures of the materials our world and all that it contains, are com-
posed of.

5. The laboratory, we work in, is equipped with modern appara-
tus.

12. ITpouywnTaiitTe ¥ mepeBEeaNTE TEKCT, HOJIB3VICH ciioBapeM. Kpart-
KO pacCKaXuTe 00 HMCTOPHM 30JI0TA M cepeOpa Ha aHIVIMICKOM
SA3BIKC.

TEXT B. A SHORT HISTORY OF METALS

Currently there are 86 known metals. Before the 19th cen-
tury 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 metals — 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 dis-
covered in the 16th century. The other seven metals, known as the
Metals of Antiquity, were the metals upon which civilization was
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based. These seven metals were: gold, copper, silver, lead, tin,
iron, mercury.

These metals were known to the Mesopotamians, Egyp-
tians, Greeks and the Romans.

Gold. Gold articles are found extensively in antiquity
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 or-
naments, 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, being 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-
bined in nature, early goldsmiths would collect small nuggets of
gold from stream beds etc., and then weld them together by ham-
mering.

Silver. Although silver was found freely in nature, its oc-
currence was rare. Silver is the most chemically active 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 sul-
fide 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. Silver'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
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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. IIpounraiite TekcT. COoOTHECUTE Ha3BaHWA OCTaBIIUXCSI U3 7
METAUIOB U UX XapaKTEPUCTHUKH.

TEXT C. IRON, COPPER, TIN, LEAD, MERCURY

The use of this metal in antiquity is more significant than
gold as the first tools, implements and weapons were made from it.
The symbol for this metal is Cu and comes from the Latin “cu-
prum” 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 is reddish coloured,
malleable, ductile and a good conductor of heat and electricity.

This metal is not found free in nature but Galena (its sul-
fide) was used as an eye paint by the ancient Egyptians. The pro-
duction 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 cop-
per, 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 allotropic forms. It is
highly crystalline. It is also quite resistant to corrosion.
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It was also known to the ancients and has been found in
tombs dating back to 1500 and 1600 BC. It, also known as quick-
silver, is the only metal which is liquid at room temperature. Al-
though 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 tech-
nologies.

It was available to the ancients in small amounts from me-
teors. This native metal is easily distinguishable because it con-
tains 6-8% nickel. Wrought form of this metal was the first one
known to man. The product of reaction 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 problems of process metallurgy.

Lesson 6
Grammar: Infinitive.
Text: Metals

IlpenTexcToBbIE YIIPAKHEHUS

1. 3anOMHUTE IPOU3HONICHUE CISAYIOIIMX CJIOB:

characteristics /keerokta'ristik/
electrolysis /1 lek'trplosts /
charge /tfa:dz/
conductivity /kondak'trviti/
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malleability /melia'biliti/

iron /'aton/

crystal /'kristal/
mercury /'mskjuaurt/
magnesium /mag'ni:zrom/
single /'siggl/

alloy /'&lo1/

bronze /'braunz/
constituent /kaon'stitjuont/
metallurgy /me'teladzi/

2. IlepeBeuTe CIESAYIONINE CIOBA, HE OIL3YAICH CIIOBAPEM.

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

3. IlepeBeanTe TpeIOKEHNA, oOpalas BHUMAaHUE Ha 3HAUEHHE
BBLICIIEHHBIX CJOB.

aim — nenb
The aim of this article is to examine the properties of some metal-
lic substances.

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

widely used — mmMpoOKo UCTIOIB30BATH
Iron and steel are widely used in modern industry.

due to — BCJICACTBUC, 110 IIPUYIMUHEC
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Aluminium and sodium are widely employed due to the applica-
tion of electrochemical process for their production.

when exposed — mpu OATBEPKICHUU JICHCTBUIO
fail + Inf.' — ne + rmaron
"Noble metals" fail to tarnish when exposed to the atmosphere.

TEXT A. METALS

The aim of the article is to discuss some characteristics 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 element that possess metallic luster and
which in electrolysis carries a positive charge and is liberated at
the cathode. The applications of metals depend on their physical
and chemical properties. It is necessary to note that metals vary in
density, hardness, heat and electrical conductivity, strength, malle-
ability, ductility and weight. The hardness of metals depends upon
the presence of other substances in them and the nature of metal
itself. Everyone 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 important metal is iron.
Men used to call gold and silver "noble metals" because they fail
to tarnish when exposed to the atmosphere for a long time and be-
cause they could be melted again without much loss of weight. All
the other metals are called "base metals". Nowadays aluminium,
magnesium and sodium are widely employed due to the develop-
ment of electrochemical process for their production.

Men learned to mix different metals together to form an alloy.
An alloy is a metallic substance but it is not a single chemical ele-
ment. It is formed by the union or mixture of two or more metals,
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or metals or non-metals. Probably the first alloy that was made
was bronze, made of copper mixed with tin (I:10). Each constitu-
ent 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 science metal-
lurgy. The scientists began to examine the properties of metals:
their melting points, crystal structure, strength, hardness, etc. It has
become possible to improve the properties of some metals and to
form the new ones.

Notes
craft pemecIio
malleability KOBKOCTh
ductility 3JIaCTUYHOCTh
single OJIH, OTACJIbHBIN
loss noTeps
to loose, v TEPSITH
used to call 0OBIYHO HA3BIBAIOT

TocaeTeKCTOBLIE YIIPAKHEHUS
1. HaiimuTe B TeKCTE M NPOAHAIN3UPYITE QYHKIIMY WHOUHUTHBA.

2. TlepeBenuTe ciioBa, oOparias BHUMaHue Ha cyhdUKCH U mpe-
(uKCHI

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
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3. HalinnTe B TEKCTE CIEAVIOIINE COUECTAHUS:

XapakTepHble CBOWCTBA, MPOLIECC CKUKEHUSA, XUMHUUYECKUU 3Iie-
MEHT, METAUTMYECKHUI OJIECK, HECTH TOJIOKUTEIBHBIN 3apsi/l, BbI-
NeNAThCA Ha Karoje, pu3ndeckre U XuMHUIeCKHe CBOMCTBA, TEIIO-
U 3JIEKTPONPOBOJUMOCTD, MPUPOJA CAMOTI0 METaJUIa, AIEKTPOXU-
MUYECKHUH Mpoliecc, OTAETbHbI XUMUYECKUN 3JIEeMEHT, 0Jaropo-
HbIE METAJLJIbI, YJIy4IIaTh CBOWCTBA.

4. TlepeBeanTe CIEOVIOIINE OIPEAECICHU. 3aIIOMHUTE BBIIEIIEH-
HBIE CJIOBA.

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

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 pouring them
into the form.

5. 3amomHHTE CICAVIONINC CHMHOHHMMBI. HeDeBeZ[I/ITC OPpCaAJIOKEC-
HUA. 3aMCHUTE HNOAYCPKHYTHIC CJI0BA CHUHOHUMHWYHBIMHU.

to vary, to differ — oTnuuarbcs, paznuyaThCS

1. The metals differ in their physical and mechanical properties.
2. The metals vary greatly in density; the heaviest is osmium.

3. We must cut different metals at various speeds.

to define, to determine — onpenensaTh

1. To determine the volume of a gas one must know the volume
of the vessel (cocyn) 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. 3anoMHHUTE aHTOHUMEL IlepeBenuTe.

positive — MOJI0KUTETbHBIN

negative — OTpUIaTeIbHBIHI

1. Negative charge of the electron neutralizes the positive charge
of the nucleus (s11po).

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

hardness — softness, n

hard — TBepbIit

soft — MarKnit

1. Zinc is 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. 3an0JIHATE MPONYCKH COOTBETCTBYIOIIMMH CIIOBAMH.

It is known that out of 92 ... elements about 70 are metals.
Man learned to build furnaces in order to ... the metals.

The process of liquefying the metal is called ...

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

. The ... of metals depends on the presence of other substances
in them.

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.

N

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

8. Haiimure cyniecTBUTENLHBIE, KOTOPbIE OMNUCHIBAIOT CBOMCTBA
METAJIJIOB.
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O

. OTBeTHTE HA CICAYIONIKNE BOIIPOCHI.

What is the aim of this article?

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 con-
stituents of bronze and brass (JaryHs).

12. What is metallurgy?

10. CokpaTuTe TeKCT, COXpPaHHUB €r0 OCHOBHOE COJICp)KaHHE.

PN R

11. Tlepenaiite coaep)kaHUE TEKCTa IIO0-PYCCKU, I10-aHTJIMHCKH,
COXPaHMB MOCJIEA0BATEILHOCTD IT0Ja4Yd MHGOPMAIINU B HEM.

12. U3yunre dyHKIIMU MHOUHUTHABA U IIEPEBEANUTE IIPEUIOKEHUSL.

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

gether.

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 Englishman

Cavendish.

5. Steel undergoes that treatment to improve its structure.

6. The new ways to prepare diamonds commercially (B mpomsii-

nennoctn) 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
52



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 understand
these phenomena.

12. The mechanical systems are often too simple to be of any prac-
tical interest.

13. The aim of my work is to study the characteristics of engineer-
ing 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
(yrorracTm).

16. In this part of work you will have to deal with different kinds
of motion.

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

18. Using fire bricks (orHeymopHsbIii kuprmuy) is possible to mini-
mize heat losses in the boiler.

19. One of the best methods of joining pieces of metal together is
to weld (cBaputp) them.

20. To carry out this experiment will be very difficult.

21. To recognize a substance it is not necessary to examine all its
properties.

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 apply 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 AHTJIMICKUI SI3BIK.

1. YToOBbl M3MEHUTH CBOWMCTBA KAKOTO-TUOO MaTepwala, BBOJST
CIIeIIMaIbHBIE DJIEMEHTHI WU TPUMECH.

2. YtoOBl U3y4UTH pACTIPEICICHUE JIEKTPOHOB B TBEPBIX TENaX,
OBLITM UCIIOJIb30BAaHbI MATKHE PEHTTCHOBCKHUE JTYYH.
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3. Jlnsg Toro 4ToOBI CAENaTh KENe30 KOPPO3UEYCTONYUBBIM, €ro
MOKHO MOKPBITH HUKEJIEM.

4. C noMouibio NOJyMPOBOTHUKOB MOKHO MPEBPATUTH TEIIJIOBYIO
SHEPTHIO B AJIEKTPUUECKYIO.

5. IllenouHble MeTalIbl XpaHATCS B Macje, YTOObl HCKIIOYUTH
BIIMSTHUE BO3/1YyXa.

14. TIpoBepbTe, 3HAETE JU BBl CIAESAVIOIINAE CIOBA:

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.

15. Tloxbepute YKBUBAJIEHTHI K CIIEAVIOIINUM CIOBAM:

1. furnace 1. oTpunaTenbHbINA
2. alloy 2. CBHUHeEl

3. to differ 3. ymy4marh

4. lead 4. 070BO

5. to tarnish 5. pasnmuyaThes

6. tin 6. cmnas

7. negative 7. medb

8. luster 8. TIONOXUTENBHBIN
9. positive 9. TBepbIi

10. conductor 10. 3apsin

11. density 11. KOBKOCTB

12. to improve 12. cxmxarh

13. to liquefy 13. TyckHETH

14. charge 14. 6neck

15. malleability 15. mmoTHOCTH

16. to vary 16. onpenensarte

17. hard 17. mpoBOAHUK

18. to determine 18. paznuuaThes



16. IIpounTaiite m mepeBeauTe Tekcr. Haligure MHOUHUTHB U
OPOAHAIU3UPYITE ero HYHKIIUH.

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 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 is 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. HaiinuTe B TEKCTE CI0BA, 00PAa30BAHHEIE OT CHEIVIOIINUX CIIOB:

Use, oxide, metal, colour, favourable, weak, corrode.
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18. 3anmomHuTe:
Due to — u3-3a, BCIEACTBUE, IO TPUUUHE
FEither ... or — vt ... wim

19. OTBEeTHTE HA BOIIPOCHI:

1. What is corrosion?

2. What materials are influenced by corrosion?

3. What materials are the most resistant to corrosion?

4. Why can gold and platinum be found in metallic form on
Earth?
5. What material is effectively immune to electrochemical corro-
sion under normal conditions and why?

20. ITpoyuTaiiTe TEKCT.

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.
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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:

4¢ +0O,+2H,0 — 40H"

The hydroxide ions react with the iron(Il) ions and more
dissolved oxygen to form iron oxide. The hydration is variable,
however in its most general form:

Fe’"+20H — Fe(OH),
4F€(OH)2 + 02 — 2(FCQO3.XH20) =+ 2HQO

Hence, rust is hydrated iron(IIl) 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 with concrete provides
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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 MIPOHMIIACMBIN
to spall pa3buBath, 1pOOHUTH
concrete 0eToH

21. Pacoonoxure WHQOPMAIIMIO TEKCTA B COOTBETCTBHU CO CXe-

MOﬁ, IICPCCKAKUTEC TCKCT.
Rust

Rusting-Corrosion

v

the formation the formation the formation
of iron (II) of hydroxide of iron (II1)
ions ions ions

methods to control and to
prevent the formation of rust
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Lesson 7
Grammar: Nominative — with the Infinitive.
Text: How to Generate Electric Current

IIpenTexcToBble YIIPAKHEHHUS

1. 3amOMHHUTE IPOU3HONICHNE CISAYIOIIMX CJIOB.

current /'karant/
voltaic / vol'terik/
denote /di'naut/
circuit /'s3:kit/
generate /'dzenerert/
couple /kapl/
electricity /1lek'trisiti/
thermal /'03:mal/
through /'Oru:/
machinery /ma'(1:nor1/
device /dr'vais/

2. IlepeBeuTe CIESAYIONINE CIOBA, HE MOJB3YACh CIOBAPEM.

Electricity, conductor, to generate, thermal, magnetic, alkali,
metal, to form, thermoelectric, negatively, electron, phenomenon,
photoelectric, permanent, dynamo-machine, principal, machinery.

3. IlepeBeuTe IpEIIOKEHMA, O6DaTI/ITe BHMMAHHMC Ha 3HAYCHHC
BBIJCIICHHBIX CJI0OB M CIIOBOCOUYCTAHHUM.

By means of — nipu momorniy, mocpeacTBom
Direct current (mocTossHHBIN TOK) may be generated by means of

59



four principal methods.

Owing to — Gmaronapsi, BCIEACTBHE.
Electricity can be generated owing to chemical reaction.

In this way — Takum 006pa3om, TaKHM ITYTEM.
Light falls on a special kind of cel1 (anemenT) and in this way the
electric current is produced.

TEXT A. HOW TO GENERATE ELECTRIC CURRENT

The term "electric current" is used to denote "electricity in
motion", i.e. electricity which flows through a metal or liquid con-
ductor, a direct current being such a current which is sure to flow
through a conductor in one direction only. There are known to ex-
ist 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 alkali 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 electric 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 reaction.

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 elec-
trons tear off of the negatively charged metal at the point of joint.
It is these electrons that form the current flowing through the cir-
cuit. Now there exist semi-conductor thermoelements which with-
out any machinery allow thermal energy to be converted into elec-
trical energy. Falling on a special kind of cell, light is sure to pro-
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duce an electric current. The device making use of this phenome-
non 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" machines.

Notes

device 3. YCTPOHCTBO

cell SIEMEHT

voltaic cell raJbBaHUYECKUH DJIEMEHT

battery Oarapesi, cocTodlias M3 He-
CKOJIBKMX  TaJIbBAHHMYECKUX
3JIEMEHTOB

to solder asiTh

point of joint TOYKA COCTMHCHUS

ITocieTeKCTOBbIE YIIPAKHEHMS

1. Halimute B TeKcTe M IpOaHATU3UDPYHATE IIPEUIOKEHUS ¢ HHDU-
HUTHUBOM M MHOUHUTHBHON KOHCTPYKIIMEN «MMEHUTEJILHBIA I1a-
JIEXK C MHOUHUTABOMY.

2. IlepeBeaure caoBa, oOpaias BHUMaHUE Ha CY(DOHUKCHI M IIpe-
(HKCHI

electric — electricity

to conduct — conductor — semiconductor — conductivity

to exist — existence

to act — action

to invent — inventor
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to produce — production — productivity
negative — negatively
direct — directly — indirectly — direction

3. HalinnTe B TEKCTE CIEAVIOIINE COUECTAHUS:

DNEeKTPUYECKHH TOK, <OJEKTPUYECTBO B JIBIJKCHHHY, >KHUJIKUN
MPOBOJIHUK, TOJIKO B OJIHOM HAIlpaBJICHUHU, YETHIPE OCHOBHBIX
MeTOo/a, TETUIOBOE JISHCTBHE, TEpPMOIIapa, MOJIYIIPOBOIHUK, TEPMO-
AJIEMEHT, 0COOBIN BUI AJIeMEHTa, JOTOIEMEHT, MAarHUTHOE TIOJIE,
raJbBaHUYECKUH 3JIEMEHT.

4. 3anomMHauTE, YTO CcJI0BO '"current" mMeeT JIBa OCHOBHBIX 3Haue-
HUA: 1. TOK; 2. DOTOK.

a) IlepeBemgure cleayiollle COYETaHWs, B KOTOPBLIX ‘‘current”
YIIOTPEOIISIETCS B IIEPBOM 3HAUCHUU:

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

6) 3aoOMHUTE ITEPEBO CASAYIOMMX COUYCTaHUH.

direct current — mocrostaHbIN TOK (D. C.)
alternating current — nepemennbIiit Tok (A.C.)
conduction current — TOK MPOBOAMMOCTH
charging current — 3apsiTHBII TOK

discharged current — pa3psaHbIA TOK

heavy current — CHIIbHBIN TOK

light current — ca0sbr1it TOK

gas current — HOHHBIN TOK

voltaic current — rajbBaHHYECKHI TOK
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B) IlepeBenuTe CIEAVIONIME COYETAHHS, B KOTODPBIX CJIOBO
“current” ynorpe0JisieTcsl B 3HAYECHUU “TIOTOK”

Energy current, heat current, current of electrons, air current, at-
mospheric current, zero heat current.

3anomMuure: current events — TeKyuye co0bLITHS

5. 3aOMHUTE CIEAVIOIINE CHHOHUMBI. 3aMEHUTE TMOTYEPKHVYTHIE
CJIOBA CHHOHUMUWYHEIMU. [lepeBeuTe nNpeuioKEeHNs.

principal — main — basic: TIaBHBIF, OCHOBHOI

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

There are two basic types of semiconductors.

The principal industrial method of preparing the gas is fractional
distillation of liquid air.

kind — type — sort: B, THII.

Reactions of three types are supposed to be employed in this proc-
ess.

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: npeBpamars

Electrical energy can be converted into a number of forms. Heat
energy is transformed into a mechanical energy by means of steam
engine.
The gas engine converts heat to mechanical energy.
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6. 3aIOMHUTE CASAYIONINE aHTOHUMEL IlepeBenTe NpeUT0KEHMS

Conductor — insulator: MpOBOAHUK — AUIIEKTPUK
To increase — to decrease: yBeIHMYUBaTh — YMEHbBIIATh

The conductivity of a conductor_decreases as its temperature in-
creases while that of an insulator varies slightly (but does not in-
creases with increasing temperature).

You are to remember: electric conductor having a conductivity
intermediate between that of an insulator and that of a metal is
semiconductor.

7. 3anoaHuTe OPpONyYyCKH NOAXOAANIMMH IO CMBICJIY CJIOBAMUM!

1. A direct current is each current which flows through a conduc-
tor in one ... only.

2. ...cell is 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'anpBaHMYECKUI DJIEMEHT, HaIpaBJi€HUE, MPOU3BOJUTH, Tpe-
Bpallarth, IPUMEHSATH, T0JIE)

8. OTBETHTE HA BOIIPOCHL:

1. What is a direct current?
2. How many methods of generating a direct current exist?
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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 photoelectrical
cell?

7. What is a dynamo machine?

9. CokpaTuTe TEKCT, COXPAHUB €r0 OCHOBHOE COAEPKAHME.

10. TlepenmaiiTe coaeprKaHHE TEKCTa HO-PYCCKH, HO-aHTIUHCKH,
COXPAaHUB HOCJIEA0BATEILHOCTD Nepeaaur nHGOPMAIIUU B HEM.

11. IIpoBepbTe, 3HAETE JU BEI CIAEAVIOIINE CIOBA:

To generate, to denote, to flow, direct current, alternating current,
thermal, device, voltaic cell, to connect, battery, inventor, owing
to, thermocouple, negative, positive, heavy current, light current,
principal, to convert, circuit, machinery, field, in this way, to re-
gard, heat current, cell.

12. M3yunTe mpaBujia IepeBojia KOHCTPYKIMU «MMEHUTEIbHBIN
najiexk ¢ uHGuauTUuBOoMY. [lepeBenure cleayioume npeuioKEHUs.

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 (Teopus orHocuTenbHOCTH) appeared to
become a turning point in physics.

4. Some liquids prove to be good conductors.

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

6. Salt water appears to conduct electricity well.
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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 electrical 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, cop-
per 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.

16. An electric current is known to be a stream of electrons passing
through a conductor.

17. The electrons are said to pass from one atom to another.

18. Different substances are known to differ in electrical conduc-
tivity.

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 CIEOVIONIME NPEMIOKEHUI HAa aHTINHCKAN S3BIK.
Ionp3yiiTeCh CXEMOM.

1. HU3BecTHO, 4TO *Kene30, TUTaH, TAHTAJI U XPOM — XPYIKHE Me-
TaJlIbl.

2. W3BecTHO, 4TO METAJLIBI MMOJIBEPTAIOTCS KOPPO3UH.

3. OOHapyXeHO, YTO >Kele30, MOMEIIEHHOE B COJICHYIO BOY,
pKaBeer.

4. CuyuTaroT, 4TO Ha3BaHHUE «KOPPO3US» OTHOCHUTCS K TEM H3Me-
HEHHUSIM, TIPU KOTOPBIX METAJT MPEBpaIIacTCs U3 AJIEMEHTa B CO-
€IMHEHHUE.
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5. Tlo-BuauMoMmy, HEKOTOpbIE MUHEPAJIBI COAEPIKAT a30T.

6. CUuTaT, YTO MOCTOSHHBIM TOK MOJYYalOT YETHIPhMSI OCHOB-
HBIMU CIIOCOOaMH.

7. Ilomararor, yTo BosbTa nepBEIM MOJIYUYUIT JIEKTPUUECKUM TOK
IIPU MOMOILM XUMHUECKOH peakluu.

8. Ilo-BuAMMOMY, MOXXHO TOJYYHUTbH DJCKTPUUYECKUH TOK C TIO-
MO0 (POTOITEMEHTA U MarHUTA.

9. CuuraroT, yTo cepeOpo SBIAETCS TYUIIUM IIPOBOJHUKOM 3JIEK-
TPHUUECTBA.

10. Oka3bIBaeTCs, HEKOTOPBIE KUAKOCTH TaKKe MPOBOISAT AIICK-

TPpHUYCCTBO.

O )

1 2 3
Cymecrsu- [maron NupunuTHB
TEJIbHOE B NME- BIIACCHB= happen, prove
HHUT. IAJIeXKE Hofi opme appear, to be likely,
(MecTonMeHne) Hln seem to be unlikely, to be sure,
to be certain
—_

14. ITpouuTaiiTe U mepeBeaUTE TEKCT. M3MEeHHWTEe NOpenIoKEeHUI
IIPH__[OMOIIM HOCTPpOeHHsT KOHCTpykuuu Nominative-with-the-
Infinitive, ucIioap3ys ciIoBa, JaHHEIE B CKOOKaX.

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, such as an
electric current flowing along a wire, and gives rise to the
magnetic force one associates with magnets. The term
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"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 is the phenomenon of
electromagnetic induction, which underlies the operation of
electrical generators, induction motors, and transformers.

15. Ilepenaiite coepKaHue TEKCTA HA AaHTJIMNUCKOM SI3BIKE.

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, hence "electromotive"), and was also called
"electromotive 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 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, i.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.
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Lesson 8
Grammar: Objective with the Infinitive
Text: The Heating Effect of Electric Current

IIpenTexcToBble YIIPAKHEHHUS

1. 3anOMHUTE IPOU3HONICHUE CISAYIOIIMX CJIOB.

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

2. IlepeBenure 6e3 cioBaps:

Con'ductor, e'lectron, electro'lytic, ther'mometer, 'energy, 'genera-
tor, 'physical, ion.

3. 3anoMHHUTE TEPEeBOJI MOMYEPKHYTHIX CIOB, MEPEBEIUTE TPE-
JIOXKCHHSI.

Because of — u3-3a, BciencTeue

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

As well as — Tak e, Kak H ...

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

Be due to — oOycnaBnuBats (due to — eciu, Mo NpUYHHE)
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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.

TEXT A. THE HEATING EFFECT OF AN ELECTRIC
CURRENT

When a current is flowing through a conductor, there is al-
ways 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 op-
position is known to be transformed into heat within the conductor.

We consider the heat produced per second to depend both
upon, the resistance of the conductor and upon the amount of cur-
rent flowing through it.

If some current flows through a thin wire and then the same
amount of current is sent through a thicker one, we may expect 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 opposi-
tion 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 current. As it is im-
possible 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.

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 ther-
mometer, 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.
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Notes

opposition - 3]1. CONPOTUBIICHUE
to supply - 0/1aBaTh (FHEPTHIO)
per second - B CEKYH/Y

to develop - BBIJICIISITh

physical senses - OpraHbl YyBCTB
3anomuuTe:

to develop a theory (method, device) — pa3pabarbiBaTh TEOpHIO
(MeToJ, yCTPOMCTBO),

to develop industry — pa3BuBaTh TPOMBIITUICHHOCTb,

to develop gas (heat) — BeIenSATH Ta3 (TEIUIO).

IlocieTeKCTOBbIE YIIPAKHEHMS

1. Haligure B TeKCTe M IpOaHAIU3UPYITE QVHKIMKA WHOUHATHBA
M KOHCTPYKIINU «OOBEKTHBIN MafeX ¢ UHOUHUTHBOMY.

2. IlepeBenure, oOparniasg BHuManue Ha cyhOUKCHI, npedUKCHL.

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
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3. HalinnTe B TEKCTE CIEAVIOIINE COUECTAHUS:

DHeprus, MojaBaeMas T€HEpaTOpOM; COMPOTHUBIIEHUE MPOBOIHU-
Ka, TOHKasl MPOBOJIOKA, PA3IMYHOE KOJUYECTBO TETUIOTHI, CIIA0BIN
TOK, OPTaHbI UyBCTB, YyBCTBUTEIbHBII TEPMOMETD.

4. CFDVHHHDVﬁTe CHMHOHHUMBI M IIEPEBCAUTE MMPCATOKCHUA.

To transform, different, exact, to apply, quantity, to convert,
amount, various, precise, to use, kind, to employ, type,

1. For melting steel crucible or electric furnaces are used.

2. For this purpose non-ferrous metals are mixed in various pro-
portions 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 kinetic one.

5. 3anomMHauTE CHHOHUMEL [lepeBeauTe IpeIoKEeHUs.

Means — cpecTBO, CITOCO0
Way — cpenctBo, criocob
Method — ctoco6, MeTon

1. One way of classifying a solid is according to its electrical
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 tem-
perature measurements.
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6. 3anoMHUTE aHTOHUMEL llepeBenuTe IpeUI0KEHHUS.

Thin / thick ToHKHI / TOJCTBII

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.

The small current is cheaper because the wires need not be thick.

7. 3anoaHuTe OPONnyCKHW COOTBETCTBYIONIMMHU CJIOBAMU.

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 ef-
fects.

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

(Toukuit, oOHapyKMBaTh, TOJCTHIN, TEIJIO, TalbBAHUYECKAst OaTa-
pesi, CTAJIKUBAThCsI, TeHEpPaTop)

8. OTBETHTE HA CASAYIONINE BOIMPOCHI:

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 transformed
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?
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5. By what means can we detect the developed heat?

9. CokpaTuTe TEKCT, COXPAHUB €r0 OCHOBHOE COAEPKAHME.

10. TlepenmaiiTe coaepKaHHE TEKCTa MHO-PYCCKH, HO-aHTIUHCKH,
COXPAaHUB HOCJIEA0BATEIHLHOCTD IEPEAAYN B HEM MH(OPMALIUH.
11. IlpoBepbTe, 3HaeTe U BBI CIEAVIONINE CIOBA:

To conduct, conductivity, semiconductor, conductor, insulator,
electron, electrolytic, to collide, to supply, to overcome, to trans-
form, to consider, resistance, thin, thick, to develop, to pass, to
carry, to detect, the only, thermometer, means, to recognize, wire,
as well as, because of, to generate, way.

12. TTogOepuTe SKBUBAIEHTHI K CIEAVIOIINM AHTIIMHCKUM TJIarQJIaM.

1. to generate 1. cuuraTh, paccMaTpuBaThH
2. topass 2. TpeojioJeBaTh

3. to detect 3. mnpeBpamarb

4. to transform 4. mnpomyckaTh

5. to conduct 5. BBIICIATH

6. to overcome 6. TMPOU3BOIUTH

7. to develop 7. TPOBOIUTH

8. to recognize 8. monmaBath (TOK)

9. to consider 9. y3HaBaTh

10. to supply 10. HaxoaUTh, OOHAPYKUBATH

13. U3yuure mpasuia nepeBoga KOHCTPYKIUU «OOBLEKTHBIN Ia-
nex ¢ uHGuaUTUBOMY. [lepeBennTe npeioKEHNs.

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.
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3. We know electric current to be surrounded by a magnetic field.
4. We know the strength of a current to depend upon the resis-
tance 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 labora-
tory.

7. He has found the temperature to be a determining factor.

8. We know him to have started a series of new laboratory ex-
periments .

9. Ampere supposed the current to flow from the positive pole of
the source of the current to the negative one.

10. We may suppose the alpha particles within the nucleus to by in
motion.

11. We assume a substance to be a number of small particles called
atoms.

12. On close examination of a piece of granite we find it to be
composed of several kinds of minerals having different 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. In liquids the atmospheric pressure at any given point is equal
in all directions but we know it to decrease as altitude 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 ordinary
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).
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14. IlepeBenuTe OpeUIOKEHHMS Ha PYCCKMH sS3bIK. TloJb3yHMTECH
CXEMOM:

- TIOJIJIEIKAILIEE;

- CKazyeMoe;

- TMYHOE MECTOMMEHHUE B OOBEKTHOM IaJIeXKe U CYIIECTBUTEIb-
HO€E B O0IIEM TTaAeKE;

- ”HUHUTHUB.

1. Msbl XOTHM, 4TOOBI BBl NMPHHSUIM y4acTHE B 3TOM HCCIIEIOBa-
HUH.

2. MpsI nonaraem, 4To OIBIT ObUT IPOBE/IEH YCIELIHO.

3. MBbI 3HaeM, 4TO JIyd Jiazepa MIMPOKO UCHOJB3YETCs B MEAULU-
HE.

4. MBsbl cuuTaeM, 4TO 3TH JIETKHE METaIbl OyAyT MCHOIb30BaHBbI
BO MHOTHUX OTpacisiX MPOMBILIIIEHHOCTH B OyAYIIEM.

5. OnHU 3HAIM, YTO OMBITHI OBLIH 3aBEPIICHBI, U PE3yIbTAThl OBLIH
YAOBJIETBOPUTEIBHBIMH.

15. IsMeHuTE CIEAYIONINE MPEMI0KECHUS IO YKa3aHHOMY O6D33HV
U IIEPEBEAUTE UX Ha PYCCKHU S3BIK.

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 oxy-
gen with small amounts of other gases.

16. IIpounTaiiTe ¥ MEPEBEANUTE TEKCT.
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17. Haiinure B TekcTe UHOUHHUTUBHBIE 000POTHL M ONPENEINUTE UX
THIL.

18. 3agaiiTe K TEKCTY 5 BOOPOCOB.

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.

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
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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.

19. PackpoiiTe CKOOKM.

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.

Lesson 9
General Revision of Infinitives and Infinitive
Constructions

TEXT A: CONDUCTORS AND INSULATORS

As it is 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 cop-
per 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 conductors. Sub-
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stances strongly resisting the current flow are considered to be in-
sulators, the latter also being called dielectrics.

There being no sharp distinction between conductors and
insulators, no substance should be considered to be a perfect con-
ductor 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 sil-
ver 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.

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 conductors. On the other
hand, the diamond which we consider 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 is why they are to be considered insulators.

Notes
perfect U7ICaTbHBIH
condition yCJIOBHE
proper COOTBETCTBYIOLIUI
diamond anmMas
expensive JOpPOToit
negligible HE3HAYNTENbHBIH

1. OTBeTHETE Ha BOOPOCHL:

1. What ability do all substances possess?
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Is there a sharp distinction between conductors and insulators?
What metal is believed to be the best conductor?

Does water conduct electricity?

Under what conditions do most gases conduct current?

Why do not we use diamond as an insulator?

SARNANE IRl N

2. BrIpasuTe cBO€ corjiacue MM HECOIIACHe CO CACAYIOIMMU YT-
BepkaeHUIMU. [1oap3yHTeCh KIUIIIE:

I think it's right. Jlymaro, 3TO BepHO.

It seems to be wrong. Kaxercsd, 310 HEBEPHO.

I can't agree with it. 51 He MOTY C 3TUM COTJIACUTHCA.
As far as [ know ... Hackonbko s 3HaIO ...

To my mind ... [To-moemy ...

On the contrary ... Haob6opor ...

1. To conduct an electric current is the same as to transmit elec-
trons.

2. There is no sharp distinction between conductors and insula-
tors.

3. Some liquids are unlikely to conduct electricity.

4. Among metals some forms of carbon are very good conduc-
tors.

5. Copper is the best conductor.
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TeKCThI JIsi KOHTPOJISI HABBIKOB UTE€HHS, IIEPEBOIA M
AHHOTHUPOBAHUA

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. 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)
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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 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
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response to an electric field than the heavier positive ions, and
hence carry the bulk of the current.

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 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.
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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
assortment of objects, including particles, projectiles, spacecraft,
stars, parts of machinery, parts of solids, parts of fluids (gases and
liquids), etc.

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 is 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
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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 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
(electromagnetic or gravitational), and particles generate fields by
acting as sources. In fact, in quantum mechanics, particles
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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 modern sense
of the term. What characterizes it, above all, is its 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.
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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.

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
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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 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 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.
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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 not applied.
The mechanical efficiency 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.

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.
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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 as a result, produces more hydrocarbon exhaust
emissions.

Wankel engines can also use gasoline as their fuel. One
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.
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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 is 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 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 Philosophiae 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
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parabolic. He is also notable for his 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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