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Ot aBTOpa

JlanHOe ydeOHOe MmocoOue MpeHa3Ha4YaeTcs B KadyecTBe 0a30BOIO
Kypca il CTYACHTOB BBICIICH IIKOJIBI HSHEPIETHYECKOTO MPOQUIIs.
[Tocobue cOOTBETCTBYET TpPEOOBAHMUAM MPOrPAMMBI IO AHTJIUHACKOMY
A3bIKY M PACCUMTAHO HA CTYACHTOB, MMEIOIIMX HAYAIBHYIO SI3BIKOBYIO
porpaMmy.

Y4eOHOU 1eNnbl0 MOCOOUs SIBISETCS Pa3BUTHUE HABBIKOB YTEHUS U
MOHMMAHMS  CHEIUAIbHOM  JUTEpaTypbl M  U3BJICUYECHUS  HYKHOH
MH(OpMALIMK, YTO SIBJISIETCS OJJHOM M3 OCHOBHBIX 33Ja4 B HEA3bIKOBOM
By3e. OCHOBHOE€ BHUMAaHHME B TEKCTaX M YNPAKHEHUSAX YIEIAETCS
TEXHUYECKOMY A3bIKY, T.€. TEXHUYECKUM M JIEKCUYECKUM >JIEMEHTaM,
KOTOPBIE B HEKOTOPBIX CIIy4asiXx HE MOTYT ObITh IEPEBEICHBI JOCIOBHO, a B
TEXHUYECKOW JINTEpAType BCTPEUAIOTCS JIOBOJIBHO YacTo. Y4eOHOe
nocooue paccuuTaHo CIOCOOCTBOBATh pPa3BUTHIO HAaBBIKOB
CaMOCTOSITEIbHOM pabOThl HaJ JIUTEPATYpOW MO CHEUUAIBHOCTH, JEIaTh
KpaTKue COOOIIEHUS] W BECTU OECeAy Ha TEMBI M0 CIIEHUATBHOCTH.

[Tocobue BkIOYaeT B ce0s YEThIpE 4YacTU M MpuilokeHue. Bo
MHOTMX CJIy4YasiX TEKCThl MOABEPIIUCh aJanTalid W COKPAILECHUIO.
[IepBble TpU YaCTH BKJIKOYAIOT TEKCTHI IO U3YUYECHUIO SABJICHUN B MEXAHUKE,
TEIJIOBBIX  SIBJICHHMI, TECHO  MEPEIUICTAIONIUXCS C  SABJICHUSMHU
MOJIEKYJISIPHOW (DU3UKHU, W 10 M3YYEHUIO AJIEKTPUUYECKUX U MarHUTHBIX
ABJICHUM. B 4eTBEPTON YacTH NMPEMIOKEHBI TEKCTHI A1 JOMOJIHUTEIBHOIO
yTeHUs1 pas3nuuHoi TemaTuku. [Ipu oTOOpe maTepuana W COCTABJICHUIO
3aIaHUI YYUTHIBAIACH MOBTOPSAEMOCTh JIEKCUUECKUX M TPaMMaTHYECKUX
TPYIHOCTEW, THUIUYHBIX I TEXHUYECKUX  TeKCTOB.  (CloBapsb,
npeuiaraéMblid OCJie TEKCTa, 00JIer4yaeT ero MOHWMAaHUE W IEpeBOJ, a
TaKXe CIIOCOOCTBYET 3aKPEIJIEHUIO MOTEHUUAIBHOIO CJIOBaps, KOTOPBIA
ABJISIETCS. OCHOBOM YTEHUSI M aKTUBHOTO OOCyxaeHUsl maTepuaina. Kpome
YTEHUS U TIEPEBOA TEKCTOB PA3HOM CIOKHOCTH MPEAIAratoTCsi BOIPOCHO-
OTBETHBIE 3aJaHusA, KOTOpPHIE PACCUMTAHbl HA PA3BUTHUE U YIIIyOJICHUE
HAaBBIKOB YCTHOW PEYU MO CHEUATBHOCTH.

Nnnroctpauuu ¥ TEKCTbl moAoOpaHbl u3 HWHTEpHET — cailToB U
COBPEMEHHBIX KYPHAJIOB.

B npunoxeHnnn naercs riioccapui, caoBapb, CIPaBOYHUK MO YTEHHUIO
MaTeMAaTU4YECKUX CUMBOJIOB U YCJIOBHBIX 0003HAYEHUH.



PART 1. MECHANICS

1 Physics in our life

Everything that really exists in the world, on the Earth or out of it, is
called matter. Various bodies surrounding us and the substances of which
these bodies are composed are material. Sound, light, radiowaves are also
material objects since they actually exist. This means that any object (and,
in general, the material world surrounding us) exists independently of our
consciousness and acts on our organs of sense.

One of the basic properties of matter is its variability. Various
changes occurring in the material world, viz. changes in matter, are called
natural phenomena.

Physic's is a science dealing with unanimate nature. It studies the
properties of matter, its various changes, the laws describing these changes
and the relationships between different phenomena.

The knowledge of the properties of matter and the laws of its
variation (the laws of nature) is in cope with the natural tendency of a
human being to know and understand the world around him. Therefore,
this knowledge constitutes an important part of human culture. On the
other hand, natural sciences are of utmost practical importance, since they
enable us to predict the course of various phenomena and processes. And
without it no enterprize can exist! For example, an engineer knows how a
machine will operate even before it is constructed, since while designing
it, he used information delivered by science, and above all, physics. The
knowledge of the laws of nature makes it possible not only to predict the
future but also to explain the past, since the laws of nature have been the
same in the past and will remain unchanged forever.

The possibility to forecast the future on the basis of laws of nature
has become especially important nowadays when the activity of human
being, who mastered a powerful technique, strongly affects the
environment. In order to avoid an irretrievable disaster due to this
influence of human activity on nature, people must be able to foresee in
advance the possible aftereffects. For this the deeper and deeper knowledge
of the laws of nature, including those studied in physics, is required.

Mechanical motion is the best studied among all phenomena in



nature. The branch of physics in which this phenomenon is investigated is
called mechanics.

Vocabulary:

matter — BemecTBo, MaTepus

to exist — cymiecTBOBaTh

substance — cyOcraHIusI, BEecTBO
CONSCIOUSNESS — CO3HaHUE

to vary — u3smeHsATbCsA

property — cBOMCTBO

utmost — kpaliHuM, peneNIbHbIN, BEIUYaUIInn
to constitute — cocTaBisITh, OCHOBBIBATE
animate — >KuBOi, OyIIeBICHHBIN

to predict — nmpeacka3pIBaTh
environment — okpy»karoras cpeaa

to foresee — npenBuIeTH

disaster — katactpoda, 6encTBHC

to deal — umers meso ¢

law — 3akoH

Exercises

1.1 Read the following international words:

material, nature, basic, organ, phenomena, variation, culture,
physics, practical, machine, operate, information, construct, technique,
mechanical.

1.2 Answer the following questions:
1.Why is it important to know physics?
2.What does physics deal with?
3.What is one of the basic properties of matter?
4.What does mechanics study?
5.1s it important to know the laws of nature nowadays?



1.3 Read the text about common words with special meaning in physics.
Do the terms used in physics differ in their meaning from what we use in
everyday life?

Some of the most important terms in physics are words
which we use in a more general sense in everyday life. In physics their
meaning is very specific and precise. We often use such words as energy,
work, speed, force, power. When these words are used in physics, they
refer to very definite things which can be measured with great accuracy and
represented in standard units.

Thus, energy in ordinary usage means strength
sufficient to do something, whereas in physics energy is defined as capacity
to do work.

Again, work is both an everyday word and a scientific
term.

In mechanics work is defined as the scalar product of a
force multiplied by the distance through which that force acts. In other
words, it means the product of force times the distance through which that
force moves any object.

Similarly, speed as we use this word in common speech
means rapid movement but in physics speed is the exact measure of the rate
of motion. In other words, the term "speed" means the ratio of the distance
travelled by an object to the period of time during which that distance was
travelled.

2 Basic problem of mechanics

All events occur somewhere in space (where?) and at certain instant
of time (when?). In particular, at any moment a body occupies a certain
position relative to other bodies in space. If the position of the body in
space varies with the passage of time, we say that the body moves, or is in
mechanical motion.

The mechanical motion of a body is defined as the change of its
position in space relative to other bodies with the passage of time.

To study the motion of a body means to determine how its position
changes with time. If this is known, we can determine the position of a



body at any instant of time. This is the essence of the basic problem of
mechanics, i.e. the problem of finding the position of the body at any
moment.

Bodies can be in quite diverse types of mechanical motion: they can
move along different trajectories, faster or slower, etc. To solve the basic
problem of mechanics, we must be able to describe briefly or exactly the
motion of the body, i.e. indicate how its position changes with time. In
other words, we must find the mathematical description of the motion,
establish the connections between the quantities characterizing the
mechanical motion.

Mechanical motion is of relative nature (fig. 2-1). This means that
the displacement and velocity of a body in different coordinate systems
moving relative to each other are different. The trajectories and path length
are also different.

The state of rest is also relative. If a body is at rest relative to some
reference system, there exist other reference systems relative to which it
moves (fig. 2-2).

Fig. 2-1. In motion Fig. 2-2. The state of rest is relative

Vocabulary:

t0 OCCur — cay4yarbcs, IPOUCXOAUTH
Instant — MmrHOBeHUE

certain — onpeeeHHbBIN

relative — oTHOCUTETbHBIHT

to determine — onpenensaTh

€SSENCE — CyIIHOCTh

diverse — oTTu4HBIN, pa3TUIHBIH



quantity — konu4ecTBO
displacement — mepememenue
velocity — ckopocTs, ObicTpOTa
Exercises

2.1 Find all the international words in the text. Mind your
pronunciation.

2.2 Answer the following questions:
1. What is mechanical motion?
2. Can we determine the position of a body?
3. What is the basic problem of mechanics?
4. The mechanical motion is of relative nature. How can you explain it?

2.3 Define the part of speech of the following words and translate them:
determine, coordinate, instant, displacement, certain, relative,
mechanical, briefly, length, reference, position.

2.4 State if the following sentences are true to the fact or false. Correct
the false sentences.
1. A body occupies a certain position relative to other bodies in space.
2. We can’t determine the position of a body at any instant of time.
3. The basic problem of mechanics is the problem of finding the
displacement and velocity of a body.
4. Mechanical motion is of constant nature.

3 Motion

Motion may be defined as a continuous
change in place or position with respect to the
position of some other object or objects that we
assume as being at rest.

No object is really quite motionless. If
houses are at rest relative to the earth's surface,
the earth itself is not motionless. It revolves




about its axis and around the sun; and the sun, in its turn, moves relative
to the stars

Fig. 3-1. Sphere Motion which, too, are in a state of motion ( fig. 3-1).
We travel at a speed up to 1,800 kilometres per hour (km/hr) as the earth
revolves about its axis. Our speed is a little less than 125,000 km/hr in the
orbit of the earth around the sun.

Wherever movement occurs at a constant speed, it is because the
forces tending to cause it are exactly balanced by other forces which tend
to stop it. If the forces causing motion are greater than those opposing it,
an increase in speed known as "acceleration" takes place. The reverse
effect known as "deceleration™ occurs if the forces opposing the motion
are stronger.

The accelerating torque given by a motor depends not only upon its
own characteristic curve but also upon the type of appliance that it is
driving.

Speaking of movement and speed, one should mention the UNIT OF
SPEED in the metre-kilogram-second (MKS) system, and in the old
English system of units. The UNIT OF SPEED in the MKS system is one
metre per second (m/sec). The corresponding unit in the English system of
units used to be one foot per second (ft/sec).

Vocabulary:

mMotion — aBUKEHME

to tend — uMeTh TEHEHITNIO, HATIPABJISATHCS
continuous — HeMPEePBIBHBIN, ITPOIOJKUTEITHHBIN
t0 assume — npeanonararb, JOIYCKATh

to be at rest — HaxoIUTHCS B TOKOE

t0 move — nBuraTbcs

to revolve — Bpamarscs

axis — ocb

to cause — BbI3bIBATH, OBITH TPUUUHOM

to increase — yBemmuuBaThCS

reverse — mpoTUBOMOJIOKHBIN, OOpaTHBIMI
torque — xpyTsamui MOMEHT
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CUrve — KkpuBas, Iyra; u3ruo
deceleration — 3amenneHue; TOpMOKCHHE

Exercises

3.1 Read the following words:
automobile, airplane, measure, specify, acceleration, torque,
characteristic, appliance.

3.2 Answer the following questions:
1. What do we call "motion"?
2. Is the earth motionless?
3. Does the earth revolve around the sun?
4. Is it possible to calculate motion?
5. What is known as acceleration?
6. What does the accelerating torque depend upon?
7. What systems of units do you know?
8. What is the unit of speed in the English system of units?

3.3 Translate the following sentences, paying attention to the participle:
1. A local train and an express train are going in the same direction.
2.Revolving about its axis, the earth also revolves around the sun.
3.Having passed a short distance, the car stopped.

4. The term "speed" means the ratio of the distance travelled by an
object to the period of time.

5.Speaking of the accelerating torque given by a motor, one can say
that it depends upon its own characteristic curve.

6. The co-ordinate of the body is considered as negative if the body
Is at the left of the initial point.

3.4 Form adjectives from the following nouns using the suffix *'-less"
and translate them:
motion, use, doubt, shape, meaning, friction, power, rest.

3.5 State if the following sentences are true to the fact or false.
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Correct the false sentences.
1. All objects are really quite motionless.
2. The earth is not motionless.
3. The sun revolves around the earth.
4. The co-ordinate is positive when the body is at the left of the initial
point.
5. Deceleration takes place if the forces causing motion are greater than
those opposing it.

4 Newton’s laws of motion

Isaac Newton, was born in the village of
Woolsthrope in England. He was to become a
professor of physics, a great scientist, a Member of
Parliament and President of the Royal Society.
Newton discovered universal gravitation, one of the
greatest discoveries which scientific investigation ever
yielded to mankind. They say that in 1665 while
staying in his native village, he noticed by chance that
an apple fell from a tree.

That insignificant, as it may seem, fact turned his

mind to the problem of gravitation.
Isaac Newton (1642-1727) However, to carry on scientific investigations was not
so easy about three hundred years ago and it took him

about twenty years to complete his theory of gravitation.

Newton was the first to realize the elliptical path of comets and was
the discoverer of the three basic laws of motion which are the foundation
of practical mechanics. Newton's Laws of Motion are based upon his own
and Galileo's experiments. His laws of motion are to be modified when
speed approaches the speed of light. However, for practical mechanical
problems, the laws of motion hold good to this day.

Newton's First Law of Motion may be expressed as
follows: Any object remains at rest or continues to move at constant speed
in a straight line, unless it is acted upon by some force.
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The rate of speeding up is commonly termed
"acceleration”, while the rate of slowing down is termed "deceleration”. In
other words, to "accelerate" is to increase speed and to "decelerate” means
to slow down motion. In science, the one term acceleration is often used to
designate both types of motion. The acceleration of an automobile is
positive when force is supplied by the motor to speed up the car. The
acceleration is negative when the retarding force of the brakes slows down
the motion of the car. We even speak of acceleration when the motor-car
goes round a corner at constant speed because a change in the direction of
motion requires a force just as a change of speed does.

Newton's Second Law of Motion expresses the relation
between force, mass and acceleration as follows: The acceleration of a
body is directly proportional to the force acting and is inversely
proportional to the mass of the body.

The Second Law may perhaps be expressed more simply
in the form of an equation:

Force=Mass X Acceleration, or F=m X a.

This is one of the equations to be used when we want to
calculate changes in speed.

Newton's Third Law of Motion may be expressed as
follows: Forces always act in pairs and the two forces in a pair are equal
and opposite.

To every action there is an opposite and equal reaction.

It is to be noted that the action and reaction, as the two
forces of a pair are generally called, always act on different bodies and
never act on the same body. Also, action and reaction are equal even when
a body is accelerated. As an illustration of the Third Law, suppose that
some person is pushing a door in order to open it. Do you know that the
door, in its turn, will push back on his hand with an equal and opposite
force?

As we know at present Newton's Third Law cannot be applied
to force acting at a distance. On the other hand, it holds good for objects at

rest and for contact forces. (See fig. 4-1). 7
- -

O &= DB~
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Object at rest Force Opposite reaction

Fig. 4-1.
Vocabulary:

to discover — o6HapyKuBaTh, OTKPHIBATH
mankind — yemoBeuecTBO

to complete — 3aBepmaTh

to realize — oco3Hnars, MOHATH

law — 3akoH

to remain — ocTaBaThCs, COXPAHATHCS
to supply — obGecrieunth, cHAOXATh
retard — 3amepKuBaTh, 3aMEUIAThH
brake — Topmo3

equation — ypaBHeHHE

to calculate — BerumncsaTH

equal — paBHbIH

OpPOSite — MPOTHBOIIOIOKHBIHI

to act — nericTBOBAaTH

to push — TonkaTh

Exercises

4.1 Read the following words:
law, quite, village, physics, scientist, parliament, society, scientific,
yield, insignificant, mechanics, straight, equation.

4.2 Answer the following questions:
1. Who discovered universal gravitation?
2. What did Newton discover?
3.How many Newton's Laws do you know?
4. What is Newton's First Law of Motion?
5. What do we call acceleration?
6. What does Newton's Second Law of Motion express?
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7. Do action and reaction act on the same body?

4.3 Translate the following sentences, paying attention to the infinitive:

1. Newton was the first to discover the basic laws of motion.

2. The problem to be solved requires some experiments.

3. It was not so easy for Newton to carry on scientific work at that time.

4. 1t took Newton about 20 years to complete his theory of gravitation.

5. It is to be remembered that Newton's Laws of Motion are the
foundation of practical mechanics.

6. To slow down the car means to decelerate its motion on the road.

7. Lomonosov was the first scientist to demonstrate the molecular
kinetic theory of heat and the kinetic theory of gases.

8. In physics energy is defined as the capacity to do work.

9. It is necessary to point out here that Newton's Laws are true to this
day.

10. To complete this laboratory experiment will not take much time.

4.4 Give all the derivatives of the following words:

universal, mechanics, physics, scientist, express, practical, equal,
discover, calculation, reaction, operation, consider, foundation,
experiment.

5 The importance of Newton’s Laws

The laws of motion expressed by two formulas contain rich
information. Different kinds of motion occur around us; water flows in
rivers, waterfalls come down, wind and hurricanes blow over the Earth,
motorcars run on the roads, ship sails in the seas, airplanes fly in the air,
galaxies, stars, planets and artificial satellites are in motion in space. These
motions as well as bodies are different. The forces acting on the bodies are
also different. However, Newton’s laws are equally valid for all these
motions, bodies and forces. These laws are expressed analytically in the
formulas which seem to be very simple.

Newton’s mechanics was the first complete theory in the history of



15

physics which correctly described a large class of phenomena, viz. the
motion of bodies.

Newton’s laws permit, in principle, to solve any problem in
mechanics. If the forces applied to a body are known, its acceleration can
be found at any point of the trajectory at any instant of time.

Thus, from known forces and mass of the body, its acceleration is
determined. Then the velocity of the body and its displacement over any
interval of time are calculated. Finally, the coordinates of the body at any
instant of time are found. For this we must know the “initial conditions”,
viz, the initial position and initial velocity of the body.

Vocabulary:

to contain — comepxartb

waterfall — Bomoman

hurricane — yparau

force — cuna

valid — ocHOBaTeIbHBIN, HMEIOIITUI CHITY
to permit — pasperniaTh, MO3BOJIATH
to solve — pematn

artificial — ucxyccrBenHsIi
acceleration — yckopenue

to calculate — BeramcIATH

initial — mepBoHauanbHEIH
displacement — mepememenue

Exercises
5.1 Read the following international words. Mind your pronunciation:
formula, information, satellite, analytically, theory, physics,

acceleration, trajectory, mechanics, coordinate, calculate, finally, interval.

5.2 Answer the following questions:
1. Do we have different kinds of motion?



2.
3.
4.
S.

16

Why are Newton’s laws equally valid for all the motions?

What problems do Newton’s laws permit to solve in mechanics?
How can the acceleration of a body be found?

What should we know in order to define the coordinates of the body
at any instant of time?

5.3 Read the words of the same root and translate them into Russian:

to differ, different, difference, indifferent, indifference;
to act, action, interaction, active, reaction;

to accelerate, acceleration, deceleration;

to place, placement, displacement, replace;

to calculate, calculation, calculator.

5.4 Translate the following sentences. Pay attention to the infinitive
constructions:

1.
2.
3.
4,
5. The invention of this device is expected to produce a great increase

6.

All bodies are known to possess weight.

Newton noticed the apple fall from thee tree.

The acceleration is said to be positive when the force is supplied by
the motor to speed up the car.

They saw the strange creature climb up the tree.

in the production of the material.
At present we know heat to be a form of energy.

5.5 Give all the derivatives of the following words:

universal, mechanics, scientist, practical, equal, describe, contain.

6 Pressure and force

Commonly, the terms pressure and force are used

interchangeably. In everyday life we often hear the word "pressure™ used,
and generally its meaning is not considered to be very different from that
of the word "force". The two words are closely related, of course, however
there is an important difference in their meaning.
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Force may be defined as any action that causes the
change of the rate or direction of speed of bodies as, for example, the
cause of accelerating a freely falling body.

In mechanics the word "pressure” has a more limited
and exact meaning than the word "force", namely, pressure is defined as
the force per unit area.

Pressure acts equally in all directions. It always acts at
right angles to whatever surface it is pushing against, any increase in
pressure in a vessel being transmitted equally to all surfaces. Saying "in a
vessel”, we realize that in physics pressure is most commonly associated
with gases and liquids as well as with the forces they exert on bodies
iImmersed in them.

Pressure in any fluid is due to one of two causes: either
compression by some sort of mechanical pumping device or the weight of
the fluid itself. Thus, automobile tires are inflated with air compressed by
a pump to be operated either by hand or by motor. The pressure on the sea
bottom is due entirely to the weight of water above plus atmospheric
pressure.

Studying the equilibrium of a small submerged particle
of a liquid at rest, we find that the only forces acting on it are: 1 — its
weight, and 2 — static thrusts.

A liquid in motion presents an entirely different
condition. Although the motion of water or any other liquid undoubtedly
takes place in accordance with definite laws, these laws and the influence
of surrounding conditions upon them are very complex.

Vocabulary:

to consider — paccmarpuBaTh, CUUTATh
direction — HampaBieHue

angle — yromx

surface — moBepxHOCTH

vessel — cocyn;

liquid — >xuaKOCTH

to exert — oka3bsIBaTh JIABJICHUE; BIUSTH
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to immerse — morpyxarb

fluid — >xunxocts

due — ToJDKHBIHN, 00s3aHHBIN, COOTBETCTBYIOITUI
pump — Hacoc

device — ycTpolicTBO

weight — Bec

tire — mmHa

to inflate — magyBaTh, HAMOTHSTH

bottom — ano

entirely — moaHoCThIO

to submerge — 3aTOIIATE; TOTPYXKATh(Cs)
thrust — Tromuok, yaap; Tex. omopa, ymop
condition — ycioBue

in accordance with — B cooTBeTcTBUH C

Exercises

6.1 Read the following words:

pressure, interchangeably, cause, mechanics, liquid, submerge,
thrust, calculate, depth, weight, entirely, atmospheric, pressure, height,

square.

6.2 Answer the following questions:
1.What do we call force?
2.How is the word "pressure" defined in mechanics?
3.Does pressure act only in one direction?
4.What is the cause of pressure?
5.1s pressure associated with gases only?
6. What forces act on a small submerged particle?
7.1s it possible to calculate pressure?

6.3 Translate the following sentences:
a) 1. Lomonosov was the first to study the kinetic theory of gases.

2. The useful work to be done by a machine is less than the total

work to be performed by it.
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3. The volume to be contained in this column of water is 6 cubic
metres.
4.The instrument to be used for testing purposes is similar to that
used in our laboratory.
5. The phenomena to be studied are of special significance.
6. The forces to act on a small submerged particle are given below.

b) 1. The phenomenon discovered attracted the scientists' attention.
2. The article translated belonged to our professor.
3. The methods applied increased the production of motor-cars.
4.The weight of the liquid used can be easily calculated.
5. The properties described required further investigation.

c) 1. The principle the scientists employed in their experiments is quite
new and original.
2. The students were given a problem they had to solve.
3.The facts you have been given above illustrated the use of
instruments on a large scale.
4.The phenomena you are talking about were discovered by famous
scientists.
5.The inventor demonstrated the machine he had worked at.
6.The theory you are interested in was first developed in this
country.

6.4 Translate the following adjectivised nouns used as attributes:

liquid fuel, liquid fuel container, liquid fuel container design; steam
power, steam power plant, steam power plant equipment, steam power
plant equipment program; boiler room, power station boiler room, power
station boiler room construction; solid state, solid state physics, solid state
research worker; temperature coefficient, negative temperature coefficient,
negative temperature coefficient study.

6.5 Find synonyms among the following words and arrange them in
pairs:

automobile, due to, different, power, motor-car, vessel, liquid,
container, speed, fluid, for instance, rate, owing to, various, energy, for
example.
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7 Forces in nature

At first sight, there is a large number of force types the bodies act on
each other, and hence, there are many types of interactions. We can impart
an acceleration to a body by pushing or pulling it by the hand. Any body
falling to the Earth moves with an acceleration. A ship whose sails are

Fig. 7-1. The gravitational force keeps the planets in orbit

blown up by the wind starts moving with an acceleration. Stretching and
releasing the bow string, we impart an acceleration to the arrow. In all
these cases some forces are acting, which seem to be quite different.
Naturally, we can mention many other forces also. Everybody knows
about electric and magnetic forces, forces of earthquakes, tides, etc.

While considering mechanical motion of bodies, we have to deal
only with three types of forces: elastic force, force of friction and
gravitational force (7-1).

However, these three types of forces are the manifestation of only
two main forces in nature, which are indeed of different origin. These are
electromagnetic forces and gravitational forces.

Let us first consider electromagnetic forces. It is known that there is
a force which is acting between electrified bodies and called electric force.

Electric forces can be either attractive or repulsive. Charges of two
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types exist in nature. They are conventionally called positive and negative
charges. Two with like charges repel and with unlike charges attract each
other.

Electric charges possess a very interesting property. When they are
moving relative to each other, one more force is acting between them in
addition to an electric force. This is a magnetic force.

These two forces — electric and magnetic — are related to each other
so closely that they cannot be separated: they acting simultaneously. Since
we deal as a rule with moving charges, the forces acting among them can
be called neither electric nor magnetic. They are called electromagnetic
forces.

Electromagnetic interaction is responsible for elastic forces and
friction.

Elastic force is the force appearing during deformation of a body and
having the direction opposite to the displacement of particles of the body
(see fig. 7-2).

Elastic force and gravitational force depend on the mutual
arrangement of interacting bodies, i.e. on the coordinates.

Fig. 7-2. A rubber ball is badly deformed upon impact with
the ground but always regains its original form

Friction emerges when bodies in contact are either at rest (static
friction) or in motion (sliding friction). Friction is directed along the
contact surface against the direction of the relative motion of the bodies in
contact (see fig. 7-3). Friction depends not on the coordinate of one body
relative to the other but on their relative velocity.

The force of universal gravitation is a manifestation of gravitational
interaction, viz. the force of attraction to the Earth. All bodies attract one
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another with a force whose magnitude is directly proportional to the
product of their masses and inversely proportional to their squared
separation.

Motion ——

Pushing force

Fig. 7-3. Pushing force is greater than friction force

Vocabulary:

Interaction — B3anMoielicTBHE

Impart — qaBaTh, IepeaBaTh, COOOIIAThH
to stretch — natsaruBaTh

bow - myk

arrow — ctpena

earthquake — 3emnerpsicenue

tide - mpunus

elastic — smacTuuHBIN, yIpyruil, THOKUH
friction — Tpenue

mutual — B3auMHBIi

to attract — npurarusars

magnitude — BenmuurHa

inversely — o6paTHO

surface — moBepxHOCTH

t0 emerge — BO3HUKATH

Exercises
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7.1 Read the following international words:

interaction, acceleration, naturally, magnetic, contact, elastic,
gravitational, manifestation, nature, origin, electromagnetic, deformation,
proportional, separation, coordinate.

7.2 Answer the following questions:
1. Does any body falling to the Earth move with acceleration?
What types of force do we deal with while considering mechanical
motion of bodies?
What are two main forces in nature? What origin are they?
Can we consider electric and magnetic forces separately?
What is elastic force?
What is universal gravitation?
When does friction emerge?

N

NoOgbkow

7.3 Find antonyms among the following words and arrange them in
pairs:

repel, acceleration, like, attract, positive, unlike, rest, negative,
attractive, motion, repulsive, deceleration.

7.4 Complete the sentences with words given below:
body, exist, possess, coordinate, deformation, interaction, forces.

1. Any falling to the Earth moves with an acceleration.

2. Electric can be either attractive or repulsive.

3. Charges of two types in nature.

4. Electric charges a very interesting property.

5. The force of universal gravitation is a manifestation of
gravitational :

6. Friction depends not on the of one body relative to the
other but on their relative velocity.
7. Elastic force is the force appearing during of a body

and having the direction opposite to the displacement of particles of the
body.
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8 The meaning of the words “work”,
“energy” and “power”

Many words that we use in our everyday speech assume
a more precise and often restricted meaning in the language of science.
The words "work", "energy", and "power" are quite familiar to everyone,
nevertheless, their use in scientific terminology presents certain
difficulties.

The word "work™ may serve as an example. Besides its
being an English word in common usage, it is also a scientific term which
has a special meaning when used in mechanics. The scientific term "work"
IS much more restricted. Mechanical work is performed only when a force
moves some object through a distance.

One can perform work by lifting a box from the floor.
Pushing the box along the floor against friction also means doing work.
According to physical laws you cannot perform any work, scientifically
speaking, by pushing an automobile which is standing on the road, unless
it starts moving. Thus, in order to do mechanical work two conditions are
necessary, namely, there must be a force and it must act through a
distance. Generally speaking, the greater the force and the distance moved,
the greater the work performed.

Work and energy are very closely related. Indeed, one
may say that the energy of a body or system is the capacity of that system
or body for doing work. Power is related to both work and energy. It is the
rate of performing the work in a unit of time.

While energy is the capacity for work, power is the
quantity of work done in a unit of time. When a kilogram is lifted to a
height of one metre, we say that a kilogram-metre of work is
accomplished. The amount of the accomplished work does not depend on
the time spent on lifting this weight.

Measuring power, we generally use such units as watts,
kilowatts, and kilogram-metres per second. Seventy five kg. m. s.
(kilogram-metres per second) or 736 W (watts) form a horse-power. A
horse-power is a unit for measuring the amount of work performed per
second.

Discussing the term "energy", we shall follow the
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transformation of one form of energy into another.

Vocabulary:

to restrict — orpanu4MBaThH

familiar — 3HaKoMbIi

certain — onpeaeneHHbIHI

tO Serve — Ciy>KuTh

COMMON — oO1IKii; OOIIIECTBEHHBIN; MPOCTOMN
to perform — BBITIOHSTH, OCYIIECTBIISATh

to lift — moganmare

to push — TonkaTh

condition — ycioBue

necessary — HeoOXO MBI

to relate — ycranaBnuBaTh CBSI3b; IMETh OTHOIIICHHE
quantity — konu4ecTBO

to accomplish — BEITIONTHSATE, OCYIIIECTBIISTH
average — cpenHuu

to measure — u3amepAThb

amount — KoJIM4YeCcTBO

Exercises

8.1 Read the following words:
scientific, precise, usage, nevertheless, quantity, height, amount,
weight, average, measure.

8.2 Answer the following questions:
1.What terms are discussed in this text?
2.When is mechanical work performed?
3.What conditions are necessary in order to do mechanical work?
4.Are work and energy closely related?
5.What do we call power?
6.What is necessary for considering power?
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7.What units are used for measuring power?

8.3 Translate the following sentences and define the functions of the
gerund:

1. Work can be performed by lifting a weight.

2. Watts, kilowatts and kilogram-metres per second are used for
measuring power.

3.We know of work and energy being closely related.

4.Pushing an object along the floor means performing work.

5.Could you understand this article without consulting a dictionary?

6. In physics energy is defined as capacity for doing work.

7.Lifting this heavy weight is impossible without using necessary
appliances.

8. The automobile was standing without moving along the road in spite
of our pushing it so hard.

8.4 State if the following sentences are true to the fact or false. Correct
the false sentences.

1. To do mechanical work there must be a force.

2. The greater the force and the distance moved, the greater the work
that has been performed.

3.Power is related to both work and energy.

4. For measuring work we use such units as watts and kilowatts.

5.The word "work" is a scientific term which is never used in our
everyday life

9 Energy and its forms

Scientifically speaking, energy is the capacity for doing work. When a
body is capable of performing work, it possesses energy. It is quite clear
that the more work a body can do, the more energy it possesses.

There are numerous forms of energy, such as: electrical,
chemical, mechanical, heat energy and so on. In mechanics, we are
interested in two special kinds of energy, namely, kinetic energy and
potential energy.
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It is quite possible to transform one form of energy into
another. Take a waterfall as an example: when water falls from a height,
the energy is said to change from potential to Kinetic. If there is a
hydroelectric plant at the waterfall, the energy of the falling water is used
to drive the turbines. The turbines are driven by the Kinetic energy of the
water. Since it is difficult to transfer mechanical energy over a great
distance, it is used here to drive generators. These generators, in their turn,
change mechanical energy into electric energy.

Forms of Energy. There are many forms of energy, but they can all be
put into two categories: kinetic and potential. Kinetic energy is the energy
of motion, while potential energy is that of position. The kinetic energy of
an object is the energy that it possesses because of its speed. Any moving
object is expected to perform work simply because it is moving, the
quantity of energy depending on its mass and velocity. It has been found
that the greater the mass and the velocity, the greater is the Kinetic energy.

Kinetic energy is motion-of waves, electrons, atoms, molecules,
substances, and objects (fig. 9-1).

Fig. 9-1. Kinetic energy

Electrical Energy is the movement of electrical charges. Everything
IS made of tiny particles called atoms. Atoms are made of even smaller
particles called electrons, protons, and neutrons. Applying a force can
make some of the electrons move. Electrical charges moving through a
wire is called electricity. Lightning is another example of electrical energy.

Radiant Energy is electromagnetic energy that travels in transverse
waves. Radiant energy includes visible light, x-rays, gamma rays and radio
waves. Light is one type of radiant energy. Solar energy is an example of
radiant energy.
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Thermal Energy, or heat, is the internal energy in substances—the
vibration and movement of the atoms and molecules within substances.
Geothermal energy is an example of thermal energy.

Motion Energy is the movement of objects and substances from one
place to another. Objects and substances move when a force is applied
according to Newton’s Laws of Motion. Wind is an example of motion
energy.

Sound is the movement of energy through substances in longitudinal
(compression/rarefaction) waves. Sound is produced when a force causes
an object or substance to vibrate — the energy is transferred through the
substance in a wave.

Potential energy is stored energy and the energy of position —
gravitational energy. There are several forms of potential energy.

There are five potential sources: hydrothermal, reservoirs, earth energy,
geopressured brines, hot dry rock and magma.

Chemical energy is energy stored in the bonds of atoms and
molecules. It is the energy that holds these particles together. Biomass,
petroleum, natural gas, and propane are examples of stored chemical
energy.

Stored Mechanical Energy is energy stored in objects by the
application of a force. Compressed springs and stretched rubber bands are
examples of stored mechanical energy.

Nuclear Energy is energy stored in the nucleus of an atom—the
energy that holds the nucleus together. The energy can be released when
the nuclei are combined or split apart. Nuclear power plants split the nuclei
of uranium atoms in a process called fission. The sun combines the nuclei
of hydrogen atoms in a process called fusion. Scientists are working on
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creating fusion energy on earth, so that someday there might be fusion
power plants.

Gravitational Energy is the energy of position or place. A rock
resting at the top of a hill contains gravitational potential energy.
Hydropower, such as water in a reservoir behind a dam, is an example of
gravitational potential energy.

Energy

Vocabulary:

to possess — 061a1aTh, UMETh
NUMErous — MHOTOYMCJICHHBIN
waterfall — Bomoman

plant — 3aBox

turbine — Typouna

generator — reaeparop

velocity — ckopocTs; ObICTpOTa
charge — zapsn

to apply — mpumMeHATH, UCTIOJIL30BaTh
lightning — momHwMsI, TPO30BOIA paspsina
ray — sy

wave — BoJiHa

radiant — u3mydJaroIIyii CBET, TyYHUCThIH
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thermal — TertoBo#, TepMaTLHBIHI
substance — BemecTBo
to store — xpaHuTh, HaKAIIUBATH
to combine — komOuHUPOBATH, COUCTATH
to split — pacmmemiaTe, pacKoJIOTh
fission — pacmiemienue, pa3acieHue
to release — ocB0OOk1aTh, OTITYCKATh
to contain — comepxartb
Exercises

9.1 Read the following words:

scientifically, weight, mechanism, height, hour, chemical, light,
hydroelectric, quantity, electron, atom, molecule, substance, nuclei,
thermal, earth.

9.2. Answer the following questions:
1.What do we call energy?
2.When does a body possess energy?
3.What forms of energy do you know?
4.What do we call kinetic energy?
5.What do we call potential energy?
6.Can one form of energy be transformed into another?

9.3 Translate the following sentences:
1. Kunetnueckast sHEprus — 3TO SHEPTUS JABHKECHUS.
1. X0po110 U3BECTHO, YTO CYIIECTBYIOT pa3IuyHble (POPMbI SHEPTHMU.
2.01uH BUJ YHEPTUU MOKET TPeoOpa3zoBaThCs B IPYroi BUI SHEPTHH.
3.DHeprusi majawimed BOJbI HMCHOJNB3YETCS  JIJIsl TMPUBEICHUS B
NENCTBUE TYPOUHBI.
4. COBEpILIEHHO $ICHO, YTO KOJIMYECTBO IHEPTHHM 3aBUCUT OT MAacCChl U
CKOPOCTH JIBUKYILIETOCS TEINA.
5. TpynHo mnepenaBaTh MEXaHMYECKYIHO SHEPrUI0 Ha  OoJbllKe
PacCTOSHUSL.

9.4 Translate the following sentences, paying attention to the passive
voice:
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1. Newton's Laws of Motion are often referred to.

2. The students are taught to make experiments.

3. Different forms of energy are dealt with in the present article.

4. Extensive research work is carried on at our university.
5.Voltmeters are often made use of in our laboratory.

6. He was asked to show the results of his experiment.

7.Devices that are operated by electrical energy help us in our work.

9.5 Translate into Russian in writing:

Energy is the capacity for doing work. The various forms of energy,
interconvertible by suitable means, include potential, kinetic, electrical,
heat, chemical, nuclear and radiant energy. Interconversion between these
two forms of energy occurs only in the presence of matter. In the absence
of matter energy can only exist in the form of radiant energy.

9.6 Form as many new words as possible from the words given below:
chemical, mechanics, compress, useful, produce, possible, use.

10 Law of conservation and transformation of energy

If a given amount of energy is put into a machine, precisely that very
amount will be developed, neither more nor less. This law is universally
known and all physical phenomena follow it.

We know a number of cases where one kind of energy is transformed

into another. Whenever energy in one form is expended, an equal amount
of energy in some other form takes its place.

Energy Transformations We have different units in which various

?‘ % forms of energy are measured but after the

ot => CFO) conversion of work into heat, or chemical energy

E& into work or into electrical energy, the actual
ﬁ — amount of energy is the same as before the

Radant cemest change. In other words, when energy is spent,
ﬂ —> iy there is still as much energy as before. This fact
Chemical waen  WhHich is one of the fundamentals of physics is

— known as the Law of the Conservation and

Bactical Tharmal
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Transformation of Energy (fig. 10-1).

According to this law energy can neither be

Fig. 10-1. Energy created, nor destroyed although its form can be

transformations changed. All the transformations, the endless

number of chemical changes that are always

taking place, are only changing energy from one form into another without
affecting the total. Though it is quite true that energy cannot disappear, it
Is an unpleasant fact that it very easily turns into a useless form.

All machines and appliances have some energy "loss", that energy
being converted into useless heat due to friction. Hence, the useful work to
be done by a machine is less than the total work performed by it. The
energy lost for work is not really lost but only converted into another
form. No machine can be made completely frictionless but the undesirable
effects of friction can be reduced, of course. Friction reducing the
efficiency of our machines, one might think that it is always undesirable.
However, it would be a misconception of that phenomenon, since but for
friction it would be impossible to control the motion of any machine.

We have already noted that we always lose some useful energy when
machines are used. Why then do we use them in spite of that
disadvantage? We often use machines to transfer energy from one place to
another and to transform energy. The dynamo, for example, changes
mechanical energy into electric energy. The energy of water is also
transformed into electric energy by means of hydraulic turbines.

Wherever there is motion, we see the process of conversion of
mechanical energy into heat. Is it possible to reconvert heat into
mechanical energy? Yes, undoubtedly, it is (fig. 10-2). Besides, just as
mechanical energy and heat can be interconverted, so can heat and
chemical energy be converted one into another.
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Fig. 10-2. Modern wind turbines convert the kinetic energy of wind into mechanical
energy, which is used to generate electricity or to pump water for irrigation.

Vocabulary:

amount — KoJIn4YeCcTBO

to expend — TpaTuTh, pacxoa0BaTh

actual — neficTBUTENBLHBIN, HOIHHHBINA

to convert — npeBpaiarh, NpeoOpPa3OBbIBATH
according — coriiacHo, B COOTBETCTBUU

to Ccreate — co3naBarb, TBOPUTH

to destroy — pa3pymars

total — memnbrit, oOmuiz

to affect — Bo3aeiicTBOBaTH

to turn — npesparaTh

appliance — yctpoticTo, mpubdop

heat — Teruto

due — JOKHEIHN, COOTBETCTBYIOIIHIA, 00YCIIOBICHHBIN
hence — orcroaa; ciieroBaTeIbHO

to lose (lost, lost) — TepsTh

to reduce — cokparartb

efficiency — apdexTuBHOCTH

by means — npu MOMOIIH, TOCPEICTBOM

Exercises

10.1 Read the following words:
precisely, neither, universally, physical, phenomena, whenever, law,
though, machine.

10.2 Answer the following questions:
1. What laws are discussed in this text?
2.Can energy be created and destroyed?
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3.1s energy easily turned into a useless form?

4.Why is energy converted into useless heat?

5.What reduces the efficiency of machines?

6. Is friction always undesirable?

7.What machine changes mechanical energy into electric energy?

8.By what means is the energy of water transformed into electric
energy?

9.When is mechanical energy converted into heat?

10.Can chemical energy be converted into heat?

10.3 Translate the following sentences, paying attention to the words in
bold type:

1. Steel is used for making different parts of machines.

2.For 2 thousand years it was believed that all heavy objects fell faster
than light ones for Aristotle had stated that it was so.

3. The engineer saw that all the devices but one were operating in the
proper way.

4. There is but one way for solving the problem but it will take too
much time.

5. The metric system is adopted by all the countries of the world but
England and America.

10.4Form new words, using prefixes and suffixes:
transform, equal, vary, end, appear, possible, pleasant, use, real,
convert, friction, desire, history, advantage, conception.

PART 2. MOLECULAR PHYSICS
11 Heat is a form of energy

When heat, a form of energy, is
supplied to a substance, we expect it to
produce a rise of temperature. In other
words, heat usually causes an increase in
the average kinetic energy of the random
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motion of the molecules of which the substance is made up. However, heat
may also produce a change of state without any temperature change.
Today heat is known to be a form
Fig.11-1. Hot metal (fig. 11-1).

The great scientist
Lomonosov was among the first to find and state that heat phenomena
were due to the motion of molecules. That statement of his resulted from
many carefully performed laboratory experiments, from study and
observation.

Lomonosov's theory laid the foundation for the present-
day molecular-kinetic theory of heat. His statement was finally proved
long after his death. The caloric theory of heat is known to have existed
almost up to the middle of the 19th century.

The unit of heat is called a therm or a calorie; the latter
term appears to come from the Latin word "calor" which means heat.

A calorie is defined as the amount of heat required at a
pressure of one atmosphere, to raise the temperature of one gram of water
one degree Centigrade. (We know the gram to be a metric weight equal to
15.432 grams of the English system of weights).

One should not think that the very amount of heat which
will raise the temperature of one gram of water from 0 to 1° C will also
raise the temperature of the same mass of water from, say, 60 to 61° C.
Experiments have shown that the quantities of heat to be required in these
two cases are slightly different. Hence, the true calorie is defined as that
quantity of heat which will raise the temperature of 1 gr of water from
19.51t0 20.5° C.

Vocabulary:

heat — Temio, TembIi

to produce — nmpou3BOaUTH, CO3/1aTh
to supply — caaGxath, oOecrieunBaTh
riSe — moabeM, MOBLIIIIEHHE

to cause — BbI3bIBATH, OBITH TPUUUHOM
average — cpenHuiu
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random — HayraJ1; GeCriopsTIOYHbBIN
to state — yrBepxxaarthb, 3asBIATh
MOtio — ABMKEHUE

foundation — ocaoBanue

to prove — 1oka3eIBaTh

to exist — cymiecTBOBaTh

to appear — nmosBJIATHCS

quantity — konu4ecTBO

to require — TpeGoBaTh

true — BepHbIU, IPABUIILHBIN

Exercises

11.1 Read the following words:
Kinetic, molecule, eventually, pound, iron, mechanical , inability,
substance, finally, phenomenon, century, theory, experiment.

11.2 Answer the following questions:

1. What is heat?

2.What does heat usually cause?

3.What is a substance made up of?

4.Does heat always produce a change of temperature?

5.Who was among the first to state that heat phenomena were due to the
motion of molecules?

6. What is the unit of heat?

11.3 Complete the blanks. Use a dictionary to check any spelling which
you are not certain about.

A) Verbs B) nouns
For example:

transform transformation

1. produce

2 observation

3. exist
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4, foundation
5. define

6. action

7. reduce

8. application
9. install

10. acceleration

11.4 Translate the following sentences, paying attention to the infinitive:

1. To prove any statement is a very difficult task.

2. At present every engineer can explain the production of heat due to
friction.

3.To supply heat to a substance means to raise the temperature or to
change the state of this substance.

4.The caloric is known to be the unit of heat.

5. An object is said to be hot if its temperature is higher than that of our
body.

6. To heat a body, heat must be supplied to it.

7.The amount of heat energy to be supplied to a substance depends on
the property of that substance.

11.5 Find antonyms among the following words and arrange them in
pairs:

create, disadvantage, heat, expand, to receive, cold, destroy, motion,
solid, increase, cool, hot, rest, liquid, decrease, high, contract, to transmit,
low, advantage.

12 Heat and temperature

At present, we know heat to be a form of energy and to be capable of
performing work. Heat may be converted into mechanical energy and heat,
In its turn, is generated when mechanical motion is destroyed by friction.

An object is said to be hot if its temperature is higher than that of our
bodies, or cold if its temperature is much lower. If a hot body is brought
into contact with a cold one, the hot body will cool and the cold body will
become warmer. We explain it by the fact that the hot body has transferred
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some amount of heat to the cold one. If two bodies A and B are brought
into contact and heat is transferred from A to B, we say that A4 is at a higher
temperature than B, or that A is hotter than B.

To measure temperature it is necessary to choose some kind of
temperature scale. This may be done by means of some substance which
changes with temperature changes. For example, a liquid such as mercury
Is known to expand when it is heated. Therefore, its change of volume due
to heating is often used to measure the change of temperature.

Vocabulary:

capable — cnocoOHbIH; yMenbIit

hot — sxapkwii, Topstanii

low — Hu3KMI

cool — mpoxaaHbIi

to transfer — mepemaBatp

to choose (chose, chosen) — BeIOHpaTh
scale — mxana

Mmercury — pTyTb

therefore — ciienoBarensHO

volume — o0bem

Exercises

12.1 Read the following words:
amount, accurate, convert, volume, liquid, mercury, temperature,
thermometer, sensation, mechanical, motion.

12.2 Answer the following questions:
1.What is heat?
2.1s heat capable of performing work?
3.1s heat a form of motion?
4.Does mercury expand when heated?
5.What instrument is used for measuring temperature?
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12.3 Translate into English the following word - combinations:

U3MEPATh TeMIeparypy, ¢opma »>HEpPruH, NepeAaBaTh TEILIO,
npeBpamarbCsa B MCEXAHHUYCCKYIO ODHCPIHIO, BBIINMOJHATH IIPW ITOMOIIH,
pacIIUpATLCA MPU HArpEBaHUM, MEPEXOAUTH OT 0OJiee TOpSIYEro Tena K
0oJiee XOJIOTHOMY.

12.4 Translate the following sentences, paying attention to the words in
bold type:

1. Do you know the meaning of the term "caloric"?

2.The thermometer which you mean is not the only means of
measuring temperature.

3. A thermometer is an instrument by means of which temperature is
measured.

4.What does the word "therm" mean?

5.1t is necessary to find the mean temperature of the body under
consideration.

6. What do you mean?

12.5 Form nouns from the following verbs and translate them:
to produce, to consider, to explain, to suppose, to propose, to
demonstrate, to move, to observe, to found.

13 Internal energy

A thermometer tells you the temperature of a substance but not the
amount of internal energy in it. We know a cup of water at boiling point to
be hotter than the water in a lake, however, the lake contains much more
energy than the cup does. A large piece of ice will melt if thrown into the
lake but only a small piece of ice could be melted by the hot water in the
cup. The lake can give up more energy than the cup of water, even though
the lake is at a much lower temperature. Thus, to measure the amount of
energy given to an object, one must do more than simply determine its
temperature change.

Here is another example to be considered. Let us take a small cup of
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boiling water and a large container also full of boiling water.

Both of them, certainly, have the same temperature. Thermometers
would show the same reading for both the water in the cup and that in the
container. They do not, however, contain the same amount of energy. It
takes much more heat to make the water boil in the large container than it
Is required to boil the small cup of water. We see that the temperature of
an object does not indicate the amount of energy to be contained in that
object (fig. 13-1).

The amount of energy in a given body appears to depend on the
nature of the body as well as on its size and temperature. Two bodies of
equal weight but of dissimilar materials may have the same temperature
but contain quite different amounts of energy. A 100-gram ball of iron at a
given temperature is known to contain a smaller quantity of energy than
does a 100-gram aluminium ball at the same temperature. «But what does
the expression the same temperature really mean?» one might ask.
Two bodies are assumed to have the same temperature if, when one of
these bodies is placed in contact with the other one, neither will transfer
heat to the other.

Fig. 13-1.

a) A metal block heated in a flame gains energy from the flame and its temperature
increases. The energy transferred to the metal block is stored as internal energy.

b) An ice cube melting under the Sun gains energy from the surroundings. The energy
transferred to the ice cube is also stored as internal energy.

A heated metal ball to be placed in contact with a piece of ice will
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transmit its heat to the piece of ice, that heat melting the ice. The fact that
the metal ball loses heat shows that the two materials are not at the same
temperature.

In any process, where heat is transferred, the body which is at a
lower temperature is the one that gains heat.

To know the quantity of energy present in a body is very important,
therefore, one should know what units are to be used for measuring the
quantity of heat and how to find the amount of energy the body possesses.

Vocabulary:

internal — BayTpenHuii

to boil — xkumners

poiNnt — ToYKa KUIICHUS, ITYHKT
however — ogHako, TEM HE MEHEE
to contain — comepxartb

piece — yacTh, KyCOK

to melt — TaaTe, mIaBuTHCA

to throw (threw, thrown) — 6pocats
thus — Takum oO6pazom

to determine — onpenensaTh

to consider — paccmarpuBaTh, CUUTATH
Same — TOT K€ CaMbI

both — 00a, 00¢

to indicate — o3HayaTh

{0 appear — nmosBJIATHCS

to weigh — BecuTb

similar — moxoxkuii, 110100HbIIH

Iron — »xee30

to gain — mony4aTh; JOCTUTATh

Exercises
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13.1 Read the following words:
internal, measure, however, require, size, weight, ice, furnace,
amount, sufficient, thermometer.

13.2 Answer the following questions:

1.What does a thermometer tell us?

2.Does a thermometer tell you the amount of internal energy in a
substance?

3.Why can the lake give up more energy than a cup of boiling water?

4.What does the amount of energy in a given body depend on?

5.What will happen to a piece of ice if it is placed in contact with a
heated metal ball?

6.Does the temperature of an object indicate the amount of energy
contained in it?

7.1s heat transferred from a cold body to a hotter one?

8. What does the expression "the same temperature™ mean?

13.3 Give Russian equivalents to the following word — combinations:

boiling point, amount of internal energy, determine the temperature
change, boiling water, to contain the same amount of energy, to transfer
heat to the other body, a heated metal, for measuring the quantity of heat,
to lose heat.

13.4 Translate the following sentences, paying attention to the infinitive
constructions:
1.The amount of energy in a given body is known to depend on the
nature of the body.
2.\We expect most bodies to expand when heated.
3.We know heat to pass from a hotter body to a colder one.
4. The internal energy appears to be associated with the configurations
of the particles of which the atom is composed.
5. If you want to make the water boil you must raise the water
temperature to 100° C.
6. An object seems to be cold if its temperature is much lower than that
of our body.
7. Under certain conditions heat is expected to produce a change of
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state without any change of temperature.

13.5 Translate the following sentences, paying attention to the words in
bold type:

1. If the water is heated in a closed container, the temperature and the
pressure both rise.

2. Both Lomonosov and his friend Rihman worked at atmospheric
electricity. Both of them made experiments on that subject.

3. Take both a small cup of boiling water and a large container also
full of boiling water; you will find that both of them have the same
temperature.

4. Gases have neither size nor shape.

5. Neither of the two experiments was carried on successfully.

6. Heat was considered to be a weightless substance which was
neither created nor destroyed.

7. Neither of two observed substances could be heated to a high
temperature.

14 Heat, temperature and molecular energy

The law explaining gas pressure on the wall of a
container as a result of the collision of separate molecules was first
discovered and formulated by Daniel Bernouilli, a member of the
Petersburg Academy of Sciences, in 1738. He obtained a result of great
significance and the "Bernouilli effect” is still considered as one of the
basic laws of thermodynamics.

In 1744 Lomonosov stated the principles of the kinetic
theory of gases and explained many phenomena from the molecular-
Kinetic point of view. It was not until the middle of the 19th century that
the molecular-kinetic theory of gases found its further development.

According to the molecular-kinetic theory, the molecules
always collide with one another and change direction, the speed of the
molecular motion greatly depending on the temperature. At an average
room temperature, a gas molecule travels at the tremendous rate of several
hundred metres per second, making more than five milliard collisions with
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other speeding molecules (or against the walls of the container) every
second. The total energy of the gas is simply the energies of all separate
molecules taken together.

In mechanics we call the energy of motion — Kinetic
energy. We say, accordingly, that the temperature of an object depends on
the average Kinetic energy of its molecules travelling in various directions.
When an object is heated the average speed of its molecules is increased,
their average Kinetic energy becomes greater, that is, the object is at a
higher temperature. In other words, the temperature being raised, the
Kinetic energy is increased; the molecules move faster, and greater
pressure is created by the bombardment against the walls of the container.
As a gas or any other body is cooling down, the average speed of its
molecules decreases.

Different molecules have different speeds, the average
speed of all molecules remaining the same as long as the temperature is
constant. Two objects being at the same temperature, the average energy
of motion of their molecules is the same. Generally speaking, the amount
of energy in an object also depends on the number of molecules, each of
which has a certain average kinetic energy.

In the above-mentioned case of the large container and
the small cup of boiling water, as the water temperature is the same in both
the cup and the container, the average speed of the molecules is also the
same. However, the large container having more molecules of water than
the small cup, the total kinetic energy of all its molecules is many times
greater. If it contains 15 cups of water, it will have 15 times as much
energy because there will be 15 times as many molecules in it as in one
cup.

Vocabulary:

to collide — crankuBaThcs
separate — oTaeIbHbIN

to obtain — momy4ats, nocTuUraTh
significance — 3HaucHue

basic — ocHOBHOM, 0a30BBIii
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point of view — Touka 3peHus

average — cpenHuiu

tremendous — orpoMHBIi, 3HAYNUTESITHHBIT
total — memnprit, oOmuit

to increase — yBemMuuBaThCS

to decrease — ymMeHbIIaTHCS

to raise — moHUMAaTh

fast — OprcTpBIii

Exercises

14.1 Read the following international words:
temperature, molecular, thermodynamics, mechanics, Kinetic,
molecule, result, formulate, gas, theory, proportional.

14.2 Answer the following questions:
1. What law did Bernouilli discover?
2. What principles did Lomonosov state?
3. Does the speed of the molecular motion depend on the temperature?
4. Do the molecules collide with one another?
5.What do you call kinetic energy?
6. What does the temperature of an object depend upon?
7.When is the average speed of molecules increased?
8. When does it decrease?
9. What does the amount of energy in an object depend on?

14.3 Translate the following sentences, paying attention to the participle:

1. The atoms form combinations known as molecules, a molecule being
defined as the smallest part of a substance.

2. A heated metal ball placed in contact with a piece of ice transmits its
heat to the piece of ice, that heat melting the ice.

3.What is the temperature of boiling water?

4.Having made many tests, the engineer obtained a result of great
significance.

5. The law formulated by this scientist is very important in
thermodynamics.
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6. The principles of the kinetic theory of gases stated by Lomonosov in
1744, are true to this day.

7.For a given body, the temperature is proportional to the amount of
energy that this body contains.

8. A gas cooling down, the average speed of its molecules decreases.

14.4 Find synonyms among the following words:

to obtain, to design, to turn on, speed, different, average, main,
motion, vessel, mean, movement, to construct, to get, rate, principle,
container, to switch on, various.

14.5 Translate the following words having the same root:
to depend, dependence, dependent, independent; to mean, meaning,
meaningful, meaningless; divide, division, divisible, indivisible.
15 Atoms and molecules
About the fifth century Democritus, a Greek
philosopher, stated that all matter is made up of
particles called atoms (fig.15-1) and that the space
v between atoms is completely empty (a vacuum). It

.. IS interesting to mention here that the Greek word

’ "atom™ means indivisible.
Originally the atom was believed
to be a
minute but solid mass. However, many years
Fig. 15-1. Atoms ago it was shown that the atom is more like a small

solar system, with extremely small bodies revolving
around its central nucleus. These minute bodies behave much as the
planets in the solar system for they travel in definite orbits and the whole
system is held together by forces of attraction to the central nucleus. It was
also found that these small planets carry extremely small charges of
negative electricity and they were named electrons.
We know that there are about 104 different kinds of atoms that exist
naturally on the earth. Substances made up entirely of one kind of atom are
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known to be chemical elements. Hydrogen, carbon, oxygen, and copper
are examples of some of these 104 elements.

The structure of materials is explained by the fact that
the forces of attraction between some atoms are strong enough when the
atoms are in a close contact with each other. In fact, even certain unlike
atoms exert strong attractive forces on each other. For example, an oxygen
atom has a strong attraction for one or even two hydrogen atoms. The
combined unit of two hydrogen atoms strongly attached to an oxygen atom
Is called a water molecule. One should remember that water is made up
entirely of such molecules.

If some water vapour is subdivided down to the smallest particle
that still has the chemical properties of water vapour, the result is a water
molecule. Any substance made up of identical molecules containing
dissimilar atoms is known to be compound.

It is important to note that the molecules of a solid or a liquid are in
a rather close contact with each other. One can say that solids and liquids
are almost incompressible. Gases, on the other hand, consist of well-
separated molecules.

Vocabulary:

matter — BemecTBo, MaTepus
particle — yactuia

empty — nycrou

indivisible — venenmumebIi
solid — TBepbIiA, TUIOTHBIHI
solar — comaeunas

to revolve — Bpamatscs
nucleus — spo

to behave — Bectu cebs
force — cuna

attraction — nmputsokeHue
extremely — upe3BbIuaiino
to exist — cymiecTBOBaTh
earth — 3emurs

entirely — moaHoCThIO
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hydrogen — Bogopon

OXYgen — KUcJIoposa

carbon — yriepon

certain — onpeaeneHHbIHI

to exert — okaspIBaTh BIMSHUE

vapour — nap; TyMaH, JbIM

to subdivide — moxpaznensTh

property — CcBOMCTBO

compound — cMeIIMBaTh, COSAUHSATD; CIIOMKHBIH

incompressible — necxxuMaeMbIi
Exercises

15.1 Read the following international words:
molecule, atom, philosopher, minute, chemical, structure, hydrogen,
microscope, technique, electrons, system, orbit, contact.

15.2 Answer the following questions:
1. What did Democritus state?
2.What does the word "atom™ mean?
3.What is the atom like?
4.What is the atom compared with?
5.Can you give examples of some chemical elements?
6.What do you call a water molecule?
7.What do you call a compound?
8. Are gases incompressible?

15.3 Translate the following sentences:
1. Mue Ka3aJ10Ch, YTO 3TOT OIIBIT ITPOBCCTH HCJIb34.
2.VIHTepecHO 3aMEeTUTh, YTO aTOM IOXO0X Ha MAJICHBKYIO COJTHEYHYIO

CHUCTEMY.

3.T'oBOpAT, 4TO OBLIM HAWICHBI HOBBIE JIEMECHTHI.

4.CnenyeT TOMHHUTB, 4YTO JJICKTPOHBI — OTPHUIATEIbHBIC 3aAPSIbI
DJIEKTPUYECTBA.

5.MoHO cKa3ath, 4TO ceryac cyuiecTByeT oosiee 100 31eMeHTOB.
6.bpuT0 HaliieHO, YTO MOJIeKyJia BOJBI COCTOMT M3 JBYX aTOMOB
BOJOPOJA U OJTHOTO aTOMa KUCJIOpOoAa.
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/. TlepBOHaYaIbHO CUUTAJIM, YTO ATOM HEJCIINM.

15.4 State if the following sentences are true to the fact or false. Correct
the false sentences.

1. Democritus stated that all matter is made up of molecules.

2.0riginally the atom was believed to be a solid mass.

3.Many years ago it was shown that the atoms behave like the planets
in the solar system.

4. There are about 92 elements.

5. A water molecule consists of oxygen atoms.

6.Not any substance made up of identical molecules containing
dissimilar atoms is known to be compound.

16 The thermometer and the measurement of temperature

The temperature of a body is a measure of the
Kinetic energy of its molecules, that is, a measure of
molecular motion. If a hot body and a cold one are
placed in contact with each other, a state of thermal
equality will finally be reached. Both bodies are then
said to be at the same temperature. The temperature
of a body can be defined exactly only if we know
how to compare it with some other standard
temperature.

Any property of matter which varies

Fig. 16-1. Thermometer continuously with the temperature change might
be used to measure temperature. In every case,
however, the measurements are based on the selection of two standard
temperatures and the subdivision of the interval between them into a

definite number of divisions, or degrees.

A thermometer, as its name indicates, is an instrument to
be used for "metering" or measuring temperature (fig. 16-1). Using a
thermometer, graduated according to certain standards, it is possible to
find the temperature of a given body in units known as degrees. To make
the first thermometers was not an easy thing. At present, however, they are
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made in various ways. The common type is the "liquid-in-glass"
thermometer so commonly used to indicate temperatures. Mercury is
generally used as the liquid in such thermometers because of its high
boiling heat and coefficient of linear expansion. However, other liquids
can be used as well and sometimes they are more desirable than mercury
whose freezing point is comparatively high.

Certain properties of matter appear to be always the same under
definite conditions. For example, the freezing point of pure water at a
pressure of one standard atmosphere is assumed to be invariable. The
temperature of freezing water is, therefore, a definite, fixed temperature
which can be used as a standard. The temperature at which pure water
boils at normal atmospheric pressure is always the same, so we have the
boiling point as another definite, fixed temperature to be used as a
standard.

Two temperature scales, namely, the Fahrenheit scale and the
Centigrade scale are used. The Fahrenheit scale commonly used in the
United States and in England is defined by the fact that the freezing point
of water is at 32° F and the boiling point at 212°. There are, therefore, one
hundred and eighty Fahrenheit degrees between these two fixed
temperatures.
W The temperature scale generally used in
/ . scientific work is called the Centigrade scale. The
. Centigrade scale is the official scale of
temperature used in our country. We also know it
- to be the official temperature scale used in most
countries. One may define this temperature scale
. by saying that the freezing point of water is
represented by zero degree Centigrade (0°C) and
There are different the boiling point of water — by one hundred
types of thermometers degrees Centigrade (100°C). Thus, to obtain this

scale it is necessary to divide the interval between
the freezing point and the boilng point of water into 100 equal divisions or
degrees, the zero representing the freezing point of pure water at normal
atmospheric pressure.
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Vocabulary:

equality — paBeHCTBO

to reach — qocturarh

t0 vary — u3MeHsThCs, MEHATh
meter — cueTunk

degree — rpaayc, cTereHb

to measure — u3amepAThb

to graduate — rpagynpoBaTh
Mercury — pTyTs

linear — muHelHBIN, BHITSHYTHIN B JUTUHY
expansion — pacmupenue
desirable — sxenaTenpHBIH

to freeze — 3amopo3uTh,
condition — ycioBue

pure — YucThI

pressure — naBjicHHUE

to divide — nenuth

Exercises

16.1 Read the following words:
measurement, equality, touch, qualitatively, liquid, mercury, pure,
atmosphere, entirely, contact, standard, instrument, coefficient, interval.

16.2 Answer the following questions:
1.What do you call the temperature of a body?
2.What will happen if a hot body and a cold one are placed in contact
with each other?
3.1s it possible to define the temperature of a body?
4.What is a thermometer used for?
5.What liquid is used in a "liquid-in-glass" thermometer?
6.What temperature scales do you know?
7.Where is the Fahrenheit scale commonly used?
8.What temperature scale is used in our country?
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9.What does the zero represent on the Centigrade scale?
10. What is the freezing point of water?

16.3 Complete the sentences with words given below:
body, to expand, units, to measure, law, invariable, gases, scale

1. A thermometer is an instrument that is generally used ...the
temperature.
2. To heat a body we place it in contact with another ... at a higher
temperature.
3. We expect most bodies ... when heated.
4. The freezing point of pure water at a pressure of one standard
atmosphere is assumed to be ....
5. In this case we should refer to the ...of thermodynamics.
6. To measure temperature it is necessary to choose some kind of
temperature ....
7. ... are known to expand on heating.
8. Using a thermometer it is possible to find the temperature of a given
body in ...known as degrees.

16.4 Translate the following words and define their part of speech:
1. vary, various, variable, invariable, variation;
2. measurable, measurement, measure, immeasurable;
3.quality, qualitative, qualitatively, qualify;
4. definite, define, definition, indefinite;
5. division, divide, subdivision, indivisible;
6. comparison, compare, comparable, comparatively.

17 Specific heat

If we mix a number of substances that have different temperatures,
"they will come to a common temperature between that of the hottest
substance and the coldest. The mixture being properly insulated, the
amount of heat lost by the hotter substances must be equal to that gained
by the colder ones.
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A certain mass of water at 0°C being mixed with an equal mass of
boiling water at 100° C, the temperature of the mixture is approximately
50° C. The heat given out by the hot water when it is cooling from 100 to
50° C is, therefore, approximately the same as the heat necessary to warm
an equal mass of water from 0 to about 50° C. The energy lost by the hot
water is equal to the energy transferred to the cold water.

A piece of copper at 100° C being placed in an equal mass of water
at 0°C, the temperature of the mixture is only about 9°. Hence, copper has
to cool through approximately 91° C in order to raise the temperature of
an equal mass of water through about 9° C. Copper has a smaller specific
heat than water.

Suppose you take a piece of iron and a piece of aluminium of equal
weight and heat both the iron and the aluminium to the same temperature
of 100° C. Placing them both on a piece of ice, you will observe that the
aluminium melts more ice than the iron does. The aluminium gives up
more calories than the iron though both were cooled from 100 down to
0°C, the temperature of the ice. More calories are also required to heat the
aluminium to 100° C than to heat the iron. Experiments show that equal
weights of different materials require different quantities of heat to raise
their temperatures 1°C. To describe these facts, we say that aluminium has
a greater specific heat than iron. The quantity of heat measured in calories
which will raise the temperature of 1 gr of a substance 1°C is called the
specific heat of that substance. In other words, the specific heat of any
substance is defined as the number of calories that is required to raise the
temperature of one gram of the substance one degree Centigrade. The
following table lists seven substances and their specific heat values.

Specific heat
Substance calories per gram
per degree at 0°
Centigrade
Water 1.00
Ice 0.5
Aluminium 0.2
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Iron 0.11
Copper 0.091
Silver 0.055
Mercury 0.033

Water has a higher specific heat than most other common
substances, the specific heat of iron being approximately one-ninth that of
water.

Vocabulary:

specific — ocoObIit, 0COOCHHBIN; ONPEICIICHHBIN
to fall (fell, fallen) — nagate
mixture — cmech

properly — cBoiicTBO
approximately — npuGim3uTenbHO
equal — paBHbIH

to gain — moxy4aTh, TOCTUTATh
copper — Mezb

t0 suppose — npexamnosaratb

to melt — mmaBuThH

ice — nen

quantity — konu4ecTBO

table — TaGnmia

number — xkoauuecTBO

to require — TpeboBaTh

value — Benmnunna

Exercises
17.1 Read the following words:

specific, slightly, molecule, further, exchange, quantity, amount,
equation, approximately.
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17.2 Answer the following questions:
1.What do we call a "calorie"?
2. What will happen if we mix a number of substances that have different
temperatures?
3.Can energy be created and lost?
4.What do you call the specific heat of a substance?
5.What is the specific heat of water?
6. Does aluminium heat up faster than iron?
7.Why can aluminium give up more calories than iron?
8. What is the specific heat of iron?
17.3 Translate the sentences. Mind one:
1. Some substances are efficient conductors, others, poor ones.
2. There are many insulating materials from which one may choose.
3. One uses special devices to measure current, voltage and resistance.
4. The new method proved to be much more efficient than the old one.
5. One knows that these installations do not operate on nuclear power.
6. One must choose only one of those variants.

17.4 Change the sentences into questions:

1. There are various types of nuclear reactors.

2. The use of underground transmission lines must be increased.

3. The energy industry is undergoing considerable development.

4. A gas — cooled reactor is a nuclear reactor in which the coolant is a
gas.

5. Radioactive wastes damage man and his generation.

17.5 Translate the following sentences, paying attention to the words in
bold type:

1. If two bodies are placed in contact with each other, the temperature
of the hot body falls while that of the cold one rises.

2. Every one knows that it takes more heat to raise the temperature of a
pound of water 10° C than a pound of iron.

3.We know that the temperature of an object does not indicate the
amount of energy contained in that object.
4.Rihrnan established the rule that defines the temperature of a mixture
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consisting of two unequal masses of water at different temperatures.

5. That water boils at 100° C is a well known fact.

6.In my opinion one experiment is more important than a thousand
suppositions.

18 Sources of heat

One can derive heat from work by using mechanical
energy, from chemical reactions by using chemical energy, from
electricity by using electrical energy, and from the sun by using radiant
energy.

Heat is a form of energy, thus, studying heat mainly
consists in studying the changes of energy. Note that in every above-
mentioned case, it is work that produces heat, directly or indirectly.

One of the most important uses of electricity is the
production of heat. Electricity is used as a source of heat in furnaces where
extremely high temperatures are needed for tempering metals. The electric
lamp widely used for the generation of light also depends upon the heating
property of electricity. The electric arc is used for welding two or more
pieces of metal, a tremendous amount of heat being present when the
current moves from one electrode to the other in a welding machine.

Let us take another example, when heat is produced by
chemical energy. By burning coal in the boiler furnace, we transform
chemical energy into heat. The heat energy of hot gases is transferred to
the water in the boiler unit. That heat transfer speeds up the motion of
water molecules and water starts vaporizing. If steam is directed now to a
steam engine, it will exert a pressure on the pistons of that engine and will
perform useful work. In such a manner, chemical energy can be
transformed into heat, heat being transformed into mechanical energy.

Work is obtained from the energy of molecular motion. Heat energy is
the energy of molecular motion. Work can produce heat, heat can do
work. We have had many examples of these facts. It was found that one
calorie of heat is always the equivalent of about 427 gram-metres of work.

We do not ordinarily perform gram-metres of
mechanical work to obtain heat. Nature has provided us with other sources
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of heat.

Fig. 18-1. A truck that runs on solar power.

The sun is the original source of all energies stored in fuels. It steadily
sends out the greatest amount of radiant energy (fig.18-1). The very small
portion of that energy falling on the earth is, nevertheless, a tremendous
quantity.

Plants are also useful sources of energy thanks to their
storing the sun’s radiation in chemical form. Our fuels of to-day are the
plants of a remote past.

The ground as heat source

Vocabulary:

to derive — moyyuaTh, U3BJICKATh
mainly — rimaBHbIM 00pa3om
to consist — cocTosTh
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to note — 3ameyatb

Important — BaykHbIH

SOUrce — UCTOYHUK

furnace — meus

extremely — upe3BbIuaiino

high — BeICOKUT

to need — HyxnaTbcs, TPeOOBATH

to temper — merai. OTIyCKaTh; 3aKAJIAThH
widely — mupoko

generation — Tex. renepanus, oOpazoBaHUE
property — CBOMCTBO

arc — myra

to weld — Tex. cBapuBath(cs), CIUIAYUBAThH
tremendous — orpoMHBIit

to burn — ropets, cxxuraTh

steam — map

to vaporize — ucnapsrtbcs

engine — qBUraTelb

to exert — oka3bIBaTh JABJICHUE; TEX. BBI3BIBAThH (HAMPSHKEHUE)
piston — mopiieHb

to perform — BEITTONHATE

to obtain — momyuats, nocTuUraTh

fuel — TormuBo

ordinary — oObIYHBIH

portion — gacte, mopIws

nevertheless — rem He MeHee

Exercises
18.1 Read the following words:
source, mechanical, chemical, either, through, electricity, furnace,

extremely, machine, exert, pressure, molecular, require, generation,

18.2 Answer the following questions:
1. How can one derive heat?
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2.1s heat a form of motion?

3.What forms of energy do you know?

4.What is one of the most important uses of electricity?

5. Does the electric lamp depend on the heating property of electricity?
6. Can you find an example when heat is produced by chemical energy?
7.What is the original source of all energies stored in fuels?

8. What does the sun steadily send out?

18.3 Read about energy resources of today. Write some questions about
the text and ask your groupmate to answer them .

Energy Resources of Today
People are energy-rich today. Solar energy is considered to be a
potentially limitless source of clean energy. The waters of the world
contain potential fuel — in the form of a special isotope of hydrogen —
deuterium. It is sufficient to power fusion reactors for thousands of years.

18.4 Translate the following words:
heat — to heat; warm — to warm; light — to light; part — to part;
water — to water; form — to form; direct — to direct; work — to work.

18.5 State if the following sentences are true to the fact or false. Correct
the false sentences.
1. One can derive heat from the sun by using mechanical energy.
2.Heat is a form of work.
3. Electricity may be used for the production of heat.
4. The electric arc is used for heating.
5. Electricity is obtained from the energy of molecular motion.

19 The effects produced by heat

The effects produced by heat are interesting and of great practical
importance. Here is the list of some examples that heat can do.

1. As heat is absorbed by a body, the temperature of the body
generally rises. For example, water in a kettle over a gas stove rises in
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temperature while absorbing heat.

2. Heat absorbed by a solid may cause the solid to melt or to change
from a solid to a liquid state. Heat to be absorbed by a liquid causes the
liquid to evaporate, that is, to change from a liquid state into a vapour. For
example, ice melts while heated and the continued addition of heat changes
water into steam.

3. The size of an object nearly always increases when it is heated. As
mentioned, mercury expands in a thermometer. Bodies not only increase in
length when heated but also expand in all directions.

4.1t is heat that causes many chemical changes. The preparing of our
food is an example (fig. 19-1). Many chemical reactions in the laboratory
are also started due to the application of heat.

Fig. 19-1. Very good heat conduction

5.Heat may produce electric energy when fuel is used or provided
two different metals in contact are heated.

6. It is heat that enables us to do work, utilizing suitable machines.
Fuel is burned to produce steam. The steam, in its turn, is used to operate
steam engines and turbines.

7.Motor-cars, diesel trains, and airplanes burn liquid fuels in the
cylinders of their engines, producing heat which is converted into kinetic
energy of motion.

8. As said before friction produces heat but the heat produced by
friction is usually considered as lost heat or useless work.

9.Finally, heat produces physiological effects both in plant and
animal life. It is the effect of heat that keeps a human body at a nearly
constant temperature, even though that of the air may change widely.
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When a substance is placed over a fire, it may:

(1) become steadily hotter (we say that its temperature rises);

(2) melt, thus changing from a solid to a liquid;

(3) boil and finally evaporate, thus changing from a liquid to a
vapour;

(4) simply burn or undergo a chemical change, being transformed
into something else;

(5) become red-hot or white-hot, thus giving out light
A poker placed in a fire becomes hot, expands a little, and goes red. Ice in
a kettle placed over a fire melts, then gets warmer, and finally boils. Paper
held over a fire either burns or, at least, changes to a brown colour. It has
undergone a chemical change since, even if cooled, it will not return to its
original condition.

Vocabulary:

though — xots
measurement — usamepeHue
effect — neiictue, a3 dexT
to absorb — nornomare
kettle — vaiinuk

stove — neypb, maMTa

solid — TBepabIii; hu3. TBEpIOC TEIIO
state — cocrosiHHE, TTOJI0KEHUE
to evaporate — ucnapsArTbscs
vapour — map

to expand — pacmmpsThCS
length — nimuHa

direction — HampaBieHue
application — mpumenenue
suitable — moxxomsamii
plant — pactenue; 3aBonx

to undergo — moxBepratbes
to boil — xunern

to return — Bo3Bparmath(cs)
poker — xouepra

fire — oronn
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Exercises

19.1 Read the following international words:
temperature, examine, thermometer, utilize, physiological, Kinetic,
effect, electric, machine, chemical, transform, laboratory.

19.2 Answer the following questions:
1. When does the temperature of a body rise?
2.Does ice melt while heated?
3. What happens to a solid when it is heated?
4.What causes a liquid to evaporate?
5.What kind of energy can be produced by heat?
6. Does friction produce heat?
7.What keeps a human body at a nearly constant temperature?
8. What happens to a substance which is placed over a fire?
9. What is the boiling point of water?

19.3 Translate the following sentences:
1. Ice melts when heated.
2.A liguid becomes hotter, boils and finally evaporates while heated.
3.When placed over a fire, a substance becomes hotter.
4. Paper either burns or at least changes to a brown colour if held over a

fire.

5. Liquid fuels, if used in the cylinders of diesel engines, produce heat.
6. If produced by friction, heat is usually considered as useless work.
7.When cooled below zero water changes into ice.
8. When utilized in suitable machines, heat enables us to do work.
9. Although useless in some cases, friction is sometimes desirable.

19.4 Find in the article antonyms for the following words:
to cool, to rise, to increase, solid, useless, hot, original.

19.5 Give all the English synonyms for the following words:
CKOPOCTb,  PA3JIMYHBbIA, TOYHBIM, MPUMEHATh, IPOJOJKATH,
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COCIUHATD, OIIPCACIIATL, IIOMOI'aTh, UCCIICAOBATb, TCXHUKA.

20 Four states of matter: solid, liquid, gas, plasma

Many substances can exist in more than one of the four
states. That state depends on the substance itself as well as on its volume,
temperature and pressure. Ordinary air, for example, condenses
completely to a liquid if the temperature is lowered to 196° below zero
Centigrade. It would become a solid provided the temperature were
further lowered to -218° C.

If we think of the substance that we call "water", we generally think
of it as a liquid.

PHASES OF MATTER

Ligquid Gas Plasma

_ Low HIGH
| <—— Temperature or Energy EE——-

Four states of matter

It does not mean that that is the only possible state in which water does
exist. That the liquid state is the normal state for water is a well-known
fact. But water, as anyone must know, can also exist in a gaseous state,
I.e., as steam and as a solid, i. e. ice.

The same number and kind of molecules are present in a
kilogram of water, steam or ice. However, these molecules move
differently in each of the above mentioned states, hence, their widely
varying characteristics.

The molecules of solids are able to move only through a
limited range. The motion of the molecules of a solid is harmonic in type.
The molecules move between fixed limits back and forth on either side of
an "average" position and seldom pass outside those limits. It is a solid
that has both volume and shape.
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The molecules of liquids are in a state of constant,
random motion. However, there are attractive forces exerted on each
molecule by the surrounding molecules. Thus, a given molecule is free to
move within the liquid itself but is not likely to leave its surface unless it
moves very fast. The rather large forces of attraction exerted on that
molecule by the surrounding molecules serve to fix the volume of a given
liquid although its shape is changeable.

Experiment shows us that there is very little attraction
between the molecules of any gas. The gas molecules move with an
almost perfect freedom, very little force being exerted on one molecule by
the molecules surrounding it. The molecules move rapidly in every
direction, colliding with one another, expanding to occupy every portion
of the container, bombarding the walls of the container. Gases, therefore,
have no fixed volume or shape. Their volume and shape depend on the
vessel that contains them.

The fourth state of matter, the plasma, consists of
neutral atoms, ionized atoms and electrons.

Vocabulary:

universe — 3emMJist, BCEJICHHASA

root — KopeHb

to compare — cpaBHUBATh

possible — Bo3MoXkHBIH

volume — o0bem

ordinary — oObIYHBIH

to condense — crymath(-cs), KOHACHCHPOBAThH
steam — map

range — psia, JTUHYS, PEIeIT, aMIUTUTY/a
harmonic — rapMOHUYHBIH

shape — ¢opma

random — HayraJ1; GeCriopsTIOYHbBIN

to surround — oxpyxatb

surface —moBepxHOCTH

rapid — ObICTPBIIL; CKOPBIi
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ioNnize — XuM. HOHU3UPOBATH

Exercises

20.1 Read the following words:
liquid, philosopher, taught, universe, earth, air, gaseous, respectively,
substance, various, although, molecular, increase, cause, measure,

20.2 Answer the following questions:
1.What are the four states of matter?
2.What does the state of a substance depend on?
3.Does water exist in a gaseous state?
4. Why has a solid both volume and shape?
5. What does the shape of a gas depend upon?
6.What does the plasma consist of?

7. Do many substances exist in more than one of the four possible
states?

20.3 Translate the following sentences:
1. If a solid is heated it will expand.
2. Were the tested liquid heated to 100° C, it would begin to boil.
3. 0n our planet, plasma has to be generated by special physical
processes and under special conditions.
4. With a rise in temperature, molecular motion becomes more
violent to overcome the attraction of the liquid and evaporates.
5. It is the molecules of liquids that are in a state of constant random
motion.
6. Air condense completely to a liquid when the temperature is
lowered to —196° C.
7.Life on our planet would be impossible unless there were water.

20.4 State if the following sentences are true to the fact or false. Correct
the false sentences.
1. There are two states of matter, namely, liquid and gas.
2. Many substances exist only in one state.
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3. The molecules of solids are in a state of constant, random motion.
4. There is very little attraction between the gas molecules.
5. The plasma consists of neutral atoms, ionized atoms and electrons.

21 Transmission of heat

There are three different types of heat transmission,
namely:, conduction, convection and radiation.

Conduction. Heat may be transferred from a hotter body to a colder
one by direct contact. Fast-moving molecules tend to speed up their
slower neighbours on collision. We know that this method of heat transfer
Is called conduction. Thus, conduction is the flow of heat through an
unequally heated body from places of higher to places of lower

temperature, the latter being raised in temperature as the heat passes
through them (fig. 21-1).
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Fig. 21-1. Conduction

We have observed that some materials are good conductors of heat
and others are poor conductors. Generally speaking, metals are excellent
conductors, the best conductors of electricity being also the best
conductors of heat. Thus, aluminium known as a good electrical conductor
Is likewise a good conductor of heat. On the other hand, materials like
sand, asbestos, and still air are poor conductors of heat.

Convection. In gases and liquids another process of heat transfer is
very effective, namely, convection. Convection is the transfer of heat by
the motion of the hot body itself carrying its heat with it (fig. 21-2). A
current of liquid or gas that absorbs heat at one place and then moves to
another place where it mixes with a cooler portion of the fluid and loses
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heat is called a convection current. Convection occurs only in liquids and
gases.

Fig. 21-2. Convection

Radiation. There is a third way by which heat travels, namely,
radiation. We know the temperature of the sun to be intensely high. We
also know that, when the sun shines on the earth, the earth is warmed. The
passage of heat from the sun to the earth is found to take place by
radiation. An important characteristic of radiation is that it can occur in a
vacuum; it does not depend upon the presence of a substance. In addition
to that, the space between the source of heat and the body to receive the
heat does not rise in temperature.

Radiation

Vocabulary:

neighbour — cocen; 6amxHMI
collision — cronkHOBeHNME
flow — morok, Teuenue

t0 pass — npoxoauTh
excellent — ormnunbIi
likewise — mogo0OHO; Takxke
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sand — mecok

asbestos — ac6ect

effective — a3pdexTrBHBIHI

to carry — HecTH, TalUTh

to occur — ciryyarscst, IPOUCXOAUTH
density — ¢wu3. yneapHbIN BeC, INIOTHOCTD
toward — mo HampaBJIeHUTO

to separate — oTaensaTh

by means — mocpeacTBom

to require — TpeboBaTh

medium — cpena

to radiate — uzmyyaTh

to emit — ucmryckath, Qu3. U3IydaTh

Exercises

21.1 Read the following words:

transfer, through, air, liquid, occur, effect, circulation, , quantity, ice.,
current, distribute, passage, mercury, fire, temperature, touch, although,
source, rough, surface, linear, pour, pressure,

21.2 Answer the following questions:

1. What types of heat transmission do you know?

2.What do you call conduction?

3. Are the best conductors of electricity also the best conductors of heat?

4.\What is known as convection?

5.What is the difference between convection and conduction?
6. What good conductors of heat do you know?

7.What is radiation?

21.3 Translate these negative sentences into Russian. What is the
difference between the English constructions and the Russian ones?

1. No charge can move in an open circulit.

2. No special equipment is necessary to carry out the experiment.
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3. A current which doesn’t change it’s polarity is called a direct current.
4. A dry battery is a type of a small battery containing no free liquid.

5. Electrically safe locations are those where conditions causing
extremely high danger of electric shock do not exist.

6. No electric device has only advantages. All of them have also
disadvantages.

7. Nobody expected him to invent this device.

21.4 Translate the following sentences, paying attention to the functions
of the infinitive:

1. To find the state of a mass of gas, we must know its volume, its
pressure, and its temperature.

2. To convert heat directly into electrical energy is still a problem that
should be solved.

3.Some liquids prove to be good conductors of electricity.

4.Heat is known to pass from a hotter body to a colder one.

5.The substances to be burned must be raised in temperature till the
ignition point is reached.

6.We know heat to be a form of energy, but there was a time when it
was supposed to be a kind of a substance which was believed to flow from
a hotter body to a colder one.

21.5 State if the following sentences are true to the fact or false. Correct
the false sentences.

1.Radiation plays an important part in the heating systems.

2. There are two types of heat transmission.

3.Liquids are very good conductors of heat.

4.Gases can conduct heat but their conductivity is very low.

5.When the sun shines on the earth, the earth is warmed.

22 Evaporation
A liquid is known to increase in

temperature when heat is applied. This
statement is true up to a certain point

During evaparation, the more energetic
particles escape from the surface leaving

the less energetic emes behind.
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called the boiling point of the liquid. When the boiling point is reached,
however, adding heat to the liquid no longer raises its temperature. The
added heat will then cause a change of state since the liquid will be
transformed into a gas or a vapour.
Evaporation also called vaporization
Fig. 22-1. Evaporation IS the name given to the process which
occurs when some of the molecules of a
liquid tear themselves away from the liquid surface and escape into the air
(fig. 22-1). These molecules form the vapour above the liquid. To tear
itself away from the liquid, the molecule which leaves it should have a
large amount of kinetic energy as the molecular attraction which tends to
oppose this escape must be overcome by the molecule. Those molecules
which escape must have greater energy than the average kinetic energy of
the liquid as a whole.

If little ether is poured on to the hand, a sensation of cold
Is felt as evaporation takes place. This is because heat is absorbed from the
hand to transform the liquid into vapour. The change of state from a
liquid to a vapour involves absorption of heat, just as does a change from
solid to liquid.

Different liquids evaporate at different rates because of
differences in their molecular attractions and in their molecular speeds.
Mercury, for instance, evaporates very slowly, ether vaporizing rapidly.

The rate of evaporation also depends on the area of the
evaporating surface. That is why water will dry up from a large flat vessel
much sooner than it will from a tall and narrow vase.

Evaporation takes place at all temperatures. There is
another process, however, which takes place at a particular temperature
and at which the process of vaporization is hastened by the constant heat
application.

In the process of boiling, heat is constantly added to the
liquid. The heat to be added increases the kinetic energy of the molecules,
which is the same as saying that the temperature of the liquid starts rising.
In the process of evaporation described above the phenomenon is a surface
effect. The vapour molecules pass from the surface of the liquid into the
air surrounding the liquid. Boiling is a similar process except that when a
liguid boils evaporation takes place throughout the volume of the liquid,
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small bubbles of vapour forming within the liquid and additional vapour
molecules joining each of the bubbles as it rises to the surface.

Vocabulary:

to apply — npumeHsTH

to boil — kuneTn

point — Touka, OTMETKa

to cause — BbI3bIBATH, OBITH TPUUUHOM
evaporation — ucrapenue

to tear — cpeIBaTh, OTPHIBATH(CH)

to escape — 0exarTh; yneTy4nBaThCS

to tend — HanpaBasATHCS

t0 OppPOSe — MPOTUBOIOCTABIISTh; COMPOTUBIISITHCS, MEIIATh
ether — xum., ghus. 3¢up

rate — ckopocTb; HOpMa

area — ruiomaab

flat — mnockuii

to hasten — cnemmTh; TOPOUTE; YCKOPATH
bubble — my3sIps

to join — mpucoenUHATHCS

liquefaction — cxxmxenue; pazxmkeHne
condition — ycioBue

to obtain — mory4yath

expansion — pacmupenue

Exercises
22.1 Read the following words:
liquid, increase, cause, vapour, vaporization, occur, molecule, air,

molecular, kinetic, pour, mercury, phenomenon, throughout.

22.2 Answer the following questions:
1. Does adding heat to the liquid always raise its temperature?
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2.When does evaporation occur?

3.What do you call vaporization?

4.What does the change of state involve?

5.Why do different liquids evaporate at different rates?
6. What does the rate of evaporation depend on?

7. At what temperatures does evaporation take place?

22.3 Translate the following sentences, paying attention to the non-finite
forms of the verb:

1. Such substances as glass melt gradually on being heated.

2.We know a solid body to have a definite shape.

3.The temperature being raised, the Kinetic energy of a body is
Increased.

4. Adding heat does not always cause a rise in temperature.

5.Adding heat to a boiling liquid, we make it change its state without
changing its temperature.

6.All fluids are expected to possess almost the same mechanical
properties.

7. A well-known characteristic of radiation is that the space between the
source of heat and the body to receive the heat does not rise in
temperature.

8.Hot objects radiate much more heat than cold ones, the quantity of
energy radiated increasing very rapidly with increased temperature.

9.You will not make water boiling in an open container any hotter in
spite of your using a hotter flame.

22.4 Find synonyms among the following words and arrange them in
pairs:

fluid, movement, evaporation, matter, liquid, speed, to obtain,
motion, rate, substance, to get, vaporisation.

22.5 Find antonyms among the following words and arrange them in
pairs:

to contract, rapid, to start, rise, different, heat, indirectly, slow,
decrease, small, to expand, the same, increase, liquid, high, fall, large,
solid, cold, low, to stop, directly.
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22.6 Translate the following sentences and define the functions of the
word "'that™.

1. That water boils at 100° C is a well-known fact.

2.0ur great scientist Lomonosov was among the first to state that heat
phenomena were due to the motion of molecules.

3. The physics of bodies at rest is much simpler than that of bodies in
motion.

4. A barometer is an instrument that is used for measuring air pressure

5..The current flowing through the wire heats that wire.

22.7 Translate the following sentences, paying attention to the modality:
1. The temperature of the water does increase when heat is applied to it.
2. Let's heat the kettle of water to the boiling point temperature!
3. The temperature of the evaporating water will be cooler than that of
the surrounding air, unless heat is provided from an external source.
4. Naturally, warmer water should evaporate more rapidly than cold.
5.1t is the application of additional heat that speeds up the formation of
steam bubbles.
6.1t should be noted that there is no definite value for the specific heat
of vapour.
7.1f we heat a solid body or a liquid, they will expand.

23 Boiling

When one puts a kettle full of water on a
stove and lights the gas, the vapour pressure of
the water starts increasing. More and more of the
water molecules escape from the liquid with
greater speed. Finally, the water will begin
boiling. Boiling occurs when vapour is formed at
the bottom of the kettle as well as at the top. We
know that it is possible only when the vapour
pressure of the water is as great as the pressure of
Fig. 23-1. Boiling the atmosphere (fig. 23-1).
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The turbulent motion of the boiling water is
caused by bubbles of vapour rising through the water. The boiling point
being reached, the vapour pressure no longer increases.

After the boiling point has been reached, the temperature of the water
cannot be increased any more even if more heat were added. It is well
known that the average speed of the molecules remains the same, no
matter how hot the stove is. The heat that is supplied is used to vaporize
the water, that is, to separate the molecules from each other, overcoming
the attractive forces that hold them together in the liquid.

When water is boiling in the kettle, we generally say that we see
steam coming out of it. However it has already been mentioned that we see
fine water particles but not steam. Steam itself is invisible. It is the
condensed steam in the form of fine particles of water that we see.

Vocabulary:

to boil — xunern

t0 OCCur — ciay4yarbcs, IPOUCXOAUTH
bottom — ano

top — BepiMHa; BEpXHsISl IOBEPXHOCTD
turbulent — OypHBIi, GECTTIOKONHBIH
bubble — my3sIps

to reach — nocturars

average — cpenHuiu

to remain — ocraBatbcs

matter — nemno, cirydai

to separate — oTaensaTh

to overcome — npeonosieBaTh

attractive - mpuBIEKaTENLHBIN; TPUBICKAIOIITHIA
to hold (held, held) — nepxatn

fine — 31. mpo3paunskIii

particle — yactuia

steam — map

pure — YUCTHIN, OE3MPUMECHBIN

dissolve — pacTBopsTh(cst), ucTapsTh(Cs)
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Exercises

23.1 Read the following words:
liquid, vaporize, molecule, pressure, cause, through, require,
average, attractive, separate, invisible.

23.2 Answer the following questions:

1. When does the vapour pressure of the liquid increase?

2.When does boiling occur?

3.When is boiling possible?

4.What happens when the boiling point is reached?

5.Does the vapour pressure increase or decrease when the boiling point
IS reached?

6.1s steam visible?

23.3 Translate the following sentences:

1. The student is asked to describe the process of boiling from beginning
to end.

2. It may happen that many of the evaporated molecules finally return to
the surface of the liquid and recondense.

3.1f a solid body or a liquid are heated they usually expand.

4.1t i1s known that liquids and gases take the shape of the vessel which
contains them.

5. They say that heated liquids expand more than solids do when heated.

6.0ne should consider the problem from the standpoint of vapour
pressure.

7.1t is easy to understand why warmer water should evaporate more
rapidly than cold.

8. Water vapour and steam are known to be completely invisible.

9.0ne can say that a liquid does not become hotter as it continues to
boil.

10.1t is important to remember the basic laws of thermodynamics.

23.4 Translate the following sentences, paying attention to the words in
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bold type:

1. The increase in motion causes the molecules to collide with each
other.

2. The above phenomenon may occur due to two causes.

3. Heat causes many chemical changes in substances.

4.Bending the wire quickly causes part of the molecules to move about
more rapidly, so that the temperature of the metal is increased.

5.A continuous, random motion of milliards upon milliards of
molecules is the cause of gas pressure.

6.As is well known, it is quite possible to operate powerful engines by
means of atomic energy.

7.To our two means of heat transfer we shall add a third very important
method, namely, radiation.

8.As the transfer of heat by means of conduction or convection
requires the presence of a substance, heat radiation can occur in a vacuum.

9.What does the term "boiling™ mean?

10. The words "average" and "mean" are synonymes.

23.5 Translate the following word combinations:

temperature difference, heat content, mercury thermometer, water
particle, temperature sensation, vapour pressure, evaporation problem,
water vapour, saturated vapour pressure, solid fuel element, steam bubble,
liquid surface, steam engine.

24 The steam turbine

Fig. 24-1. The steam turbine
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Perhaps the most widely used source of power in large
power plants is the steam turbine (fig. 24-1). A steam turbine is known to
operate by virtue of the heat which it derives from steam and which it
converts into mechanical work. Any apparatus converting heat into
mechanical work is considered to be a heat engine. Thus, the steam turbine
may also be considered a heat engine. It is different from a reciprocating
heat engine, however, in its manner of converting heat into mechanical
work.

A steam turbine does mechanical work by virtue of the
velocity with which steam strikes or leaves its moving parts. The steam
attaining its velocity by issuing an opening, its Kinetic energy may be
converted into mechanical work by suitably deflecting its current.

One modern type of steam turbine is made up of a
number of discs with blades set in the rim of the disc, each disc being
fixed to a central shaft. The steam is directed first against the blades of the
first disc and gives up part of its energy to that disc. The steam is deflected
by the blades in this case, and then by means of stationary blades it is
turned so that it will strike the blades of the next disc. Thus, a series of
movable and fixed discs provided with blades, which change the direction
of the steam each time it strikes a blade, causes the steam to impart energy
to the rotating arrangement several times before its leaving the turbine.

Such steam turbines are considerably more efficient than
ordinary reciprocating steam engines. Furthermore, they can be made of
very large sizes, capable of producing several hundred thousand kilowatts.
The efficiency of a 100,000-kW steam turbine may be as great as 38% and
that of a 200,000-kW turbine —43%, respectively.
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A steam turbine under construction

Vocabulary:

SOUrCe — HCTOYHHUK
plant — 3aBox
by virtue of smth. — mocpencTBOM Uero-moo
to derive — momy4ats, U3BIEKATH
to consider — paccmaTpuBaTh, CUNTATH
reciprocating-engine — mopIHeBoi ABUraTeIb
to iSSUe — MpOUCXOANTh, TIOTY4aThCs
considerable — 3HaunTEeTHHBIIHM
velocity — ckopocTh, ObICTpOTA
liberate — ocBOOOXkHATh; XUM. BBIIEIATE
to strike — OuTh, ymapsrsb
to attain — JOCTUTHYTh, JOOUTHCS
to deflect — oTknonsITE(C51)
blade — nonacts (BuHTa, Becia)
rim — 06010k, Kpak; 000 (Koieca)
to fix — kpenuth
shaft — Tex. Bay, oCh, IIMMUHIEIH
series — psit; cepus
to impart — maBatb; nepenaBaTh
arrangement — pacroJjiokeHHe; YCTPOMCTBO
capable — criocoOHbIH

Exercises

24.1 Read the following words:

source, power, turbine, convert, reciprocating, mechanical, through,
Issue, cause, furthermore, efficiency, engine development, industry,
machine.
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24.2 Answer the following questions:
1. What is the most widely used source of power in large power plants?
2.How does a steam turbine operate?
3.What do you call a heat engine?
4.What does a modern type of steam turbine consist of?

24.3 Translate the following sentences, paying attention to the non-finite
forms of the verb:

1. Locomotives and small stationary steam engines seldom convert into
mechanical work as much as 10 per cent of the energy to be developed
owing to the burning of fuel.

2. The steam expanding, its volume is increased.

3.By reducing the pressure range in each cylinder, a more uniform
temperature is maintained in the cylinder itself.

4.The old reciprocating engine was believed to be the world's principal
source of mechanical work.

5. Converting heat directly into electricity without using machines is one
of the complicated engineering problems.

6.In spite of the gases having been compressed, they return to their
original volume as soon as the applied force has stopped acting.

7. After reaching the boiling point, the water temperature cannot be
increased, in spite of our adding more heat.

8.To turn a substance from one state to another it is necessary to add or
to remove a definite amount of heat.

9.To tell when an apparatus or a machine is generating a current does
not present any difficulty.

10.We expected the discovery of the plasma to have produced great
changes in industry and such was really the case.

24.4 Form new verbs using the prefix "re-'" and translate them:
to condense, to consider, to turn, to write, to make, to construct, to
move, to gain, to arrange, to organize.

24.5 Define the part of speech of the following words and translate them:
real, engine, invisible, circulation, ceaseless, completely, evaporate,
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liquid, different, fast, nearly, continuous, surround, attraction, molecular.

25 Fuels

The fuels used in industry are either solid, liquid or gaseous. In
speaking of "fuel” it is still the universal practice to mean the combustible
material which in conjunction with atmospheric oxygen, forms the source
of heat. Actually the fuel in the ordinary sense is only one of two
components needed for the generation of heat by combustion. Air being
the source of the oxygen required to produce the combustible mixture is,
therefore, equally a part of the fuel, as are the other materials already
mentioned. Thus, an air jet to be introduced into an atmosphere of, say,
coal gas will burn in an identical manner to a gas jet in air. Excess of either
of these components beyond the correct proportions is expected to lead to
waste of heat.

A feature common to all industrial fuels is that the basic combustible
Is carbon and, with the exception of blast-furnace gas, this is combined in
various proportions with hydrogen together with small portions of oxygen
and sulphur. Noncombustible components are practically only met with in
the case of solid fuels, and go to form the ash residue after the combustible
matter has been consumed. There will also be a widely varying percentage
of moisture associated with solid fuels when delivered and fired.

Solid fuels are composed, from the practical point of view, of "fixed"
carbon, volatile matter, sulphur and moisture. The fixed carbon, the
volatile matter and, to a minor extent, the sulphur compose the
combustible matter, the classification of solid fuels being usually based
upon the ratio of volatile matter to the fixed carbon.

The volatile matter is that proportion of the fuel which is distilled
and gasified on heating to a temperature of 900° C, without access of air,
leaving a residue of solid coke consisting of carbon and the incombustible
ash and a portion of the sulphur. The fixed carbon is that remaining in the
coke after distillation of the volatile matter. It is determined by complete
combustion of the coke in a stream of oxygen so that only the ash remains.

Natural fuels like coal, gas and oil are being rapidly exhausted. The
application of atomic power is becoming increasingly broader because at
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present it is the only known potential capable of meeting mankind's power
requirements. The power obtained from atomic reactions has been applied
to various fields of man's peaceful activity.

Fossil fuels

Vocabulary:

fuel — TormuBo, roproyee

combustion — ropeHue, cropaHue

conjunction — coequHeHKE, CBSA3b, COBIAJICHUE
to need — myxnatbcs

mixture — cmech

therefore — mostomy, ciemoBarenbLHO

jet — ctpys (Boapl, Ta3a M T.I1.); PCAKTUBHBIHI
eXCesS — M30BITOK, U3IUIIEK

beyond — Bnanm; BHE, CBEpX, BHIIIIC

feature — ocobennoCTh, UEpTa

carbon — yriepon

exception — uckIIrOUCHUE

blast-furnace — qomna, 1oMeHHas IeYb
sulphur — xum. cepa

ash — 3oma, menen

residue — ocTaTok; XUM. OCaI0K

to consume - noTpeOJIsITh

Moisture — BIIaKHOCTh, CBIPOCTh

to deliver — mocraBnsaTh; epeaaBaTh; 0CBOOOXKIATH
volatile — xum. netyuuii, OBICTPO HCTIAPSIOTITHIACS
aCCESS — JI0CTYIT; IPOXO]

coke - kokc
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to exhaust — ucromars; ncuepILIBaTH

Exercises

25.1 Read the following words:

fuel, industry, universal, practice, oxygen, source, air, require,
mixture, either, feature, hydrogen, sulphur, moisture, acquire, exposure,
vague.

25.2 Answer the following questions:

1. What fuels are used in industry?

2.1s fuel a combustible material?

3.Does fuel form the source of heat in conjunction with atmospheric
oxygen?

4.What feature is common to industrial fuels?

5.What are solid fuels composed of?

6. Why is the application of atomic power becoming important?

7.What fuels are being exhausted?

25.3 Translate the following sentences, paying attention to the words in
bold type:

1. All bodies either radiate heat or absorb waves from other bodies.

2. Dark surfaces are either good radiators when hot or good absorbers
when cold.

3. The motion of the molecules of a solid is harmonic, the molecules
moving between specific limits on either side of an average position and
seldom passing outside those limits.

4. Gases have neither size nor shape of their own.

5.Neither of these devices will be required for the experiment in
question.

6. Potential is neither a force, nor a pressure.

25.4 Form adjectives from the following nouns:
gas, liquid, universe, industry, combustion, practice atmosphere,
heat, moisture, importance, base, variation, freedom.
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25.5 State if the following sentences are true to the factor false. Correct
the false sentences.

1.In speaking of "fuel” we mean the combustible material which in
conjunction with atmospheric oxygen, forms the source of heat.

2.Non-combustible components are only met with in the case of
gaseous fuels.

3. Solid fuels are composed of oxygen, hydrogen and sulphur.

4. Moisture is removed from fuel only by exposure to a temperature of
about 112°F.

5.1f the fuel is allowed to heat, it will once more take up inherent
moisture.

26 Energy from fossil fuels

Coal, oil and natural gas are the three kinds of fossil fuels that we
have mostly depended on for our energy needs, from home heating and
electricity to fuels for our automobiles and mass transportation. They are
limited in supply and will be depleted one day. There is no escaping this
conclusion. The problem is, fossil fuels are non — renewable.

The total world energy demand is for about 400 quadrillion British

Thermal Units — or BTUs — each year. (Source: US Department of
Energy). That’s 400,000,000,000,000,000 BTUs!
Oil, coal and natural gas supply nearly 88% of the world’s energy needs,
or about 350 quadrillion BTUs. Of this amount oil provides about 41% of
the world energy supplies, or about 164 quadrillion BTUs. Coal provides
24% of the world energy, or 96 quadrillion BTUs, and natural gas
provides the remaining 22%.

Fossil fuels mining and oil production can and has caused irreparable
damage to our environment. We destroy ecosystems while mining fossil
fuels and while using them. Oil spills have devastated ecosystems and coil
mining has stripped lands of their vitality. Burning fossil fuels creates
carbon dioxide, the warming. Combustion of these fossil fuels is
considered to be the largest contributing factor to the release of
greenhouse gases into the atmosphere. Air pollution is a direct result of
the use of fossil fuels, resulting in smog and the degradation of human
health and plant growth.
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Vocabulary:

combustible — cxxuraemsrii
quadrillion — mar. kxBampmILOH
mining — pa3paboTku
release — yreuka, BBIOpPOC, SMUCCHS
deplete — ucromaTe, HCUEPIILIBATH
non — renewable — HeB0300HOBIISIEMBIIT
damage — Bpen, yiiepo
destroy — paspymaThb
Exercises

26.1 Read the following words:
automobiles, transportation, renewable, quadrillion, irreparable,
damage, environment, ecosystems, combustion, air pollution, degradation.

26.2 Answer the following questions:
1. What kind of fossil fuels do we depend on?
2. What is the environment impact of fossils?
3. What is BTU? What is it equal to?
4. How big is the part of fossils in meeting the world’s energy needs?

26.3 Complete the sentences with words given below:
carbon dioxide, demand, supply, sources, degradation, damage,
ecosystems.

1. We destroy ...while mining fossil fuels and while using them.

2. Burning fossil fuels creates ..., the warming.

3. Air pollution is a direct result of the use of fossil fuels, resulting in
smog and the ... of human health and plant growth.

4. Fossil fuels mining and oil production has caused ...to our
environment.

5. The total world energy ... is for about 400 quadrillion BTUs each
year.
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6. . Fossil fuels are limited in ... and will be depleted one day.
7. Biomass energy, or energy from burning plants and other organic
matter, is one of the man’s earliest of energy.

26.4 Translate the following words and define their part of speech:
1. to vary, various, variable, invariable, variation, variation;
2. to pollute, pollution, pollutant;
3. new, to renew, renewable, nonrenewable;
4. to contribute, contribution, contributory, contributor;
5. to divide, division, subdivision, indivisible;
6. to move, movement, moved, movable.

PART 3. ELECTRICITY AND MAGNETISM
27 Lines of force

Faraday first represented the electric field around an electrically
charged body by means of lines which he called lines of force or lines of
electric intensity (fig. 27-1). These lines are so drawn that at every point in
the field the direction of the line tangent to the line of force in this point
coincides with the direction of the intensity vector at that point. Thus, a
positive unit of electric charge will tend to move along a line of force in
the direction of the electric intensity, and a negative unit of charge tends
moving in the opposite direction.

It is obvious that two lines of force can never meet, for then we
should have the intensity at the point of meeting acting in two directions at
once. In addition to that, we know of their being continuous at long as
there exists a dielectric medium.

At any rate, one should always remember that lines of force do not
really exist and that they by no means indicate the structure of the
medium. We use these lines of force, as did Faraday, in order to picture
the electric field more clearly. Representing the electric field by means of
these lines helps us in picturing the forces existing between the charged
bodies.
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Fig. 27-1. Electric lines of force

Magnetic Lines of Force. Magnetism manifests itself as if it existed
in lines emanating from the magnetic materials or current-carrying
conductors, these lines being called magnetic lines of force. The stronger
the magnet, the more of magnetic lines of force pass through a given

space. The magnetic lines taken as a whole constitute a magnetic flux. Just
like the lines of force in an electric circuit, magnetic lines of force do not
exist in reality. One can imagine magnetic lines as emitted from the north
pole and passing through the air to the south pole. However, they do not
end on magnetic poles but continue passing from the south to the north
pole. The magnetic lines of force are more than merely a means of
showing the presence and direction of the magnetic field. They may serve
as a unit of measurement since the magnetic field strength is measured by
the number of lines of force running through a square centimetre.

Vocabulary:

field — mome

to charge — 3apsbkaTh

force — cuna

Intensity — MHTEeHCUBHOCTD; CUJIa, SHEPTHS
draw (drew, drawn) — 4epTuTh, prCOBaThH
point — Touka, MyHKT
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direction — HanpaBicHHE

tangent — mat. KacareyibHas1;, TAHTECHC

to coincide — coBnaaath

Vector — mat. BEKTOp

OpPOSite — MPOTHBOIIOIOKHBIHI

to exist — cymiecTBOBaTh

obvious — oueBuHO

to indicate — moka3eiBaTh, yKa3bIBATh

medium — cpeacTBo, cioco0; ¢us. cpena

to manifest — ssicHo moka3eIBaTh, IE€IaTh OUEBUIHBIM
to emanate — ucXoauTh, UCTEKATh; MPOUCXOIAUTH
Presence — mpucyTcTBUE

to measure — u3amepAThb

by means of — mpu momoru

constitute — coctaBnsATH

Exercises

27.1 Read the following words:
electrically, coincide, sphere, dielectric, whole, circuit, imagine,
measure, strength, through.

27.2 Answer the following questions:
1.Who first used the term "lines of electric intensity"?
2.What did Faraday first represent?
3.Can the lines of force meet?
4.\What do we use the lines of force for?
5.How can we represent an electric field?
6. What do the magnetic lines of force constitute?
7.What pole are the magnetic lines emitted from?
8. What do the magnetic lines of force show?

27.3 Translate the following sentences. Pay attention to —ing forms:
1. Charging by induction was discovered by Epinus.
2.0n charging an object by induction, we charge it by the influence of
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an electrified body at a distance.
3. The lines of force are used for picturing the electric field.
4.1n spite of our using the term "lines of force", we remember that they
do not really exist.
5. The scientists go on studying the properties of the magnetic flux.
6. There are different ways of producing an electric current.
7.Considering the dielectric medium is the purpose of our work.
8.We could not achieve good results without comparing the two figures.
9. We know of the magnetic lines being emitted from the North pole.
10.0On emitting from the North pole, the magnetic lines
pass through the air to the South pole.

27.4 Translate the following words and word combinations:

1. meaning, meaningless, to mean, mean, means, by means of, by all
means, by no means, meaningly;

2.time, in time, to time, from time to time, in no time, time and again, at
times;

3.as long as, as soon as, as well as, as well, as to, as a matter of fact, as
far as possible, as far as | know.

28 Conductors and insulators

As is well known, to conduct an electric current
IS the same as to transmit electrons. All substances
" have some ability to transmit electrons but they differ
greatly in the ease with which electrons pass through
them. For instance, a copper wire conducts electricity
readily, glass seems to conduct so little current that it
Is hardly measurable. Substances through which
currents easily pass are known to be conductors (fig.
28-1). Those substances that strongly resist the flow
of current are termed insulators. An insulator is also
Fig. 28-1. Conductors  called a dielectric. It has very few free charges that are
able to move under the influence of the electric field
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fig. 28-2).

There is, however, no sharp distinction between conductors and
insulators (dielectrics). Under ordinary conditions there is no perfect
conductor and no perfect nonconductor. There is a continuous gradation
from good conductors to good dielectrics.

For instance, paper though a poor conductor is by no means a perfect
insulator. Indeed, all substances conduct a little electricity — even such
materials as porcelain, rubber, paper, and glass, which are considered as
good insulators. However, the insulators have so few electrons that can
move about freely that, in practice, they allow only a negligible current to
flow through them.

Almost all metals are good conductors of electricity but silver is
believed to be the best conductor of all. Copper comes next; it is followed
by aluminium. Copper is our most commonly used conductor. In addition
to its high conductivity, copper is abundant, easily mined and processed.

Some liquids also conduct electric currents. They even prove to be
good conductors of electricity. Water with salt conducts electricity well.
On the other hand, we know distilled water to have high resistivity.

Most gases conduct current under proper conditions of pressure and
temperature. However, they are not as good electrical conductors as metals

As a rule, most of the non-metals are found to transmit only a
negligible current; that is why they are considered as insulators. The most
common materials used to resist electric flow are: glass, rubber, porcelain,
paper, oil, cotton, and silk. Non-ionized clean air is also considered to be a
good insulator. It is often used for this purpose in electrical apparatus.

It would be quite wrong to think that conducting materials are the
only materials to be used for power transmission. We need both
conductors and insulators. Indeed, we cannot do without the copper wire
which conducts the electric current, that is, acts as a conductor. However,
we have to use an insulator to prevent electrical loss.

In the transmission of power, we generally employ the best
conductor available in order that as little power as possible might be lost in
heating the transmission line. For other purposes, however, the poorer
conductors are often used because they happen to possess other desirable
properties. Thus, tungsten is usually the metal to be chosen for the
filaments of electric lamps.
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-~
Fig. 28-2. Insulators

Vocabulary:

to conduct — mpoBoUTH

current — moTOK; TOK

to transmit — nepenaBath

ability — cnocoOHOCTB; BO3MOXKHOCTB
to differ — pasznuyarbcs, oTiMuaThCS
ease — moKoM; cBoOo1a

t0 pass — npoxXoauTh

for instance — mammpumep

wire — mpoBoj

t0 seem — ka3aTbcH

to resist — conmpoOTUBIATHCS, TIPOTHBOCTOSITH
to flow — Teun, mpoTekaTh

to term — Ha3bpIBaThH

insulator — uzomnsTop

influence — BmsiHKE

sharp — ocTpsIii, pe3KHii; TOYHO, POBHO
distinction — otauume

gradation — rpagarus, MOCTEIEHHBIN TePEeX0/T
POOr — OeIHbBIN; Ca0bIi

porcelain — dpapdop

rubber — pesuna; kayuayk

negligible — He3HaUNTETBLHBIN

silver — cepebpo

abundant — oGuBHBIH, H300MITYIOTITHIA
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to employ — HaHUMATh; IPUMEHSTh, HCIIOIH30BATh
to possess — 061anaTh

desirable — sxemaembrii

tungsten — xum. Boab(pam

filament — »1. HuTH Hakama

Exercises

28.1 Read the following words:
insulator, through, measurable, dielectric, charge, however, though,
porcelain, practice, negligible, liquid, ionized, available.

28.2 Answer the following questions:
1. Do all substances transmit electrons?
2. What do we call conductors?
3. What substances are termed insulators?
4.1s there a sharp distinction between conductors and insulators?
5.What metal is considered to be the best conductor of electricity?
6. What materials are used to resist the electric flow?
7.What is the best conductor used in power transmission?
8. What metal is used for the filaments of electric lamps?
9. What insulators do you know?

28.3 Translate the following sentences, paying attention to the functions
of the infinitive:

1. To conduct an electric current, we need a source of power.

2.Faraday was the first to represent the electric field by the lines of
force.

3.1t is possible to detect charges that are not in motion.

4. Substances to resist the flow of current are termed insulators.

5.For a long time the atom was thought to be indivisible.

6.We know this scientist to have worked much on the problems of
electricity.

7.Copper is the metal to be used as an electric conductor.
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8.Some liquids are found to conduct an electric current.

28.4 Translate the following sentences:

1. MBI 3HaeM, 4YTO MeHasi TPOBOJIOKA UCTOJb3YETCs KaK TPOBOJIHHUK.

2. Cuutarot, yto (papdop xoporuit u30Ja4Top.

3. Metamibl UMEIOT MOJIOKHUTENbHBIA TeMIepaTypHbI KO3(P(ULIUEHT
COIIPOTHUBJIICHUS.

4. MHorve Tra3pl MNOpPOBOIAT TOK TMPU OMNPEAENECHHBIX YCJIOBUAX
TEMIEPATYPhl U JABJICHHUS

5. HekoTophble )KUAKOCTH TPOBOJAT JICKTPUUECKUIN TOK.

6. HanGosnee pacnpocTpaHeHHBIMU MTPOBOIHUKAMHU SIBISIOTCS METAJUIbI.

/.IlpenMynIecTBO MEIHBIX MNPOBOJHHUKOB B TOM, YTO OHHU HAaMHOIO
JelIeBye cepeOPAHBIX.

28.5 Form adjectives, using the suffix **-ful'":
use, power, success, peace, help, fruit, truth.
29 Lightning

Electrostatic effects are found to be usually characterized by very
large potentials or voltages accompanied either by small currents or by
currents that last for a very short time. A spark lasts less than one-tenth of a

second and sometimes as little a time as a millionth of

' a second. However, two large spheres separated by a

distance of one centimetre have to be charged to a

4 potential difference of 30,000 V, at least, before the

electrical intensity is sufficient to force a spark

through the air resistance. If the spheres are separated

4 Dy a distance of, say 40 cm, the potential difference

| must be nearly a million volts, only then will a spark

pass. All know at present, that lightning is a gigantic

electric spark between charged clouds or between a
charged cloud and the ground (fig.29-1). However,

there was a time when lightning was a subject for

Fig.29-1. Lightning  legends, an insoluble problem that scientists vainly

tried to explain. Benjamin Franklin, the great

American scientist and progressive statesman, is acknowledged to be the
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pioneer of the theory of atmospheric electricity. In 1752, at Philadelphia, he
flew a kite to draw down the lightning from the clouds to the earth and
prove it to be electricity. In his famous kite experiment, he demonstrated
that atmospheric electricity and static electricity are one and the same
thing. And it was he, too, who was the first find the ingenious defense
against the destructive action of lightning, — the lightning rod. Franklin
was not only an outstanding scientist but also a true friend of the people.
He has always been highly appreciated in Russia.

Franklin’s achievements were analyzed and approved
by Lomonosov who had made his own experiments independently.

The idea of atmospheric electricity greatly interested
both Lomonosov and his friend Professor Rihman. Both of them are
reported to have made systematic observations and experiments on the
subject in question. We know Rihman to have constructed for that purpose
the first electrical measuring instrument in the world. However, to carry
on investigations of such a kind was more than dangerous in those times.

Vocabulary:

lightning — MmoHES

to accompany — conpoBOXaaTh; CI€A0BATH
spark — BcrbImka

to last — mponomkarbcs

to separate — oTaenATh, pa3aeisaTh
sufficient — nocraTouHbIi

gigantic — ruraHTCKUH, TPOMaTHBIN

ground — 3emiist

subject — mpeamer; cyThb

legend — nerenma

insoluble — HepacTBOpUMBI; HEpa3peMMbIii
vainly — nanpacHo

fly (flew, flown) — neratp

Kite — Bo3mymHBbIH m1ap

Ingenious — n3o0peTaTenbHbBIN, HCKYCHBIH
defense — 3amuTa

destructive — pa3pymmTensHbIHI

rod — npyT, cTep>KeHb
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Exercises

29.1 Read the following international words:

characterize, accompany, sphere, gigantic, theory, electricity,
atmospheric, centimeter, distance, destructive, progressive, observations,
experiments, observations, demonstrate, construct, instrument.

29.2 Answer the following questions:
1. What are electrostatic effects characterised by?
2.How long does a spark last?
3.What is lightning?
4.What did Franklin demonstrate by his famous experiment?
5.What defense did Franklin find against lightning?
6. Who approved Franklin's achievements?

29.3 Translate the following sentences, paying attention to the infinitive:

1. Coulomb is considered to be the founder of the exact science of
electrostatics.

2.Lightning is known to be a great electric spark between charged
clouds.

3.Franklin was one of the first scientists to prove that atmospheric
electricity and static electricity are one and the same thing.

4.To prove that lightning is atmospheric electricity Franklin carried on
his famous Kite experiment.

5.To prove that lightning is atmospheric electricity required systematic
observations and experiments.

6. We know Franklin to have invented the lightning rod.

7.1t is interesting to note that Rihman constructed the first electrical
measuring instrument in the world.

29.4 Translate the following sentences, paying attention to the words in
bold type:
1. There was a time when people knew nothing about electricity.
2.0ne of the spheres is four times as large as the other one.
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3. Four times four is sixteen.

4. At times a spark appeared between the two ends of the wire.
5. The experiment in question was finished in good time.

6. In those times lightning was a subject for legends.

7.What time is it? It’s high time to get up.

8.1 think it is time to stop the motor.

30 Electric current

When a charge of negative electricity, i. e. of electrons,
IS put at point on a conductor, that point is momentarily at a potential
lower than the potential of the conductor, the electrons flowing along the
conductor until all its parts are at the same potential. In case a positive
charge is put at a point, the electrons move to that point. The potential at
the point being raised, electrons will flow towards that point until all
points of the conductor are again at the same potential (fig. 30-1).

Fig. 30-1.Electric current

If a steady potential difference is maintained by some
means between two points in metallic conductor as between the two ends
of a copper wire, there will be a steady stream of electrons flowing from
the end at low potential to the one at high potential. (Of course, you will
remember that the terms "stream" and "flow" are synonyms). This stream
(or flow) of moving electrons is one form of electric current. The
magnitude of the current is the quantity of electric charge carried by the
electrons in a unit of time through any cross-section of the conductor. By a
convention adopted before electrons were discovered, we usually say that
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the electric current in such a conductor flows from points of high potential
to those of low potential or in the direction of the potential gradient.

The conductor being a solution, say, of salt in water, the
molecules of salt are ionized, both positive and negative ions moving
under the influence of the electric field. In this case the sum of the
quantities of positive and negative electricity, carried by the ions in a unit
of time through any cross-section of the liquid, constitutes the electric
current. Such a current is usually accompanied by a chemical action.

An electric current passes through a gas only when the
molecules or atoms of the gas are ionized. Here again, both the positive
and the negative ions or electrons move under the influence of the electric
field, the sum of the quantities of positive and negative electricity carried
by the ions in a unit of time through any cross-section of the gas
constituting the electric current.

Speaking of electricity in motion, reference should be
made to Volta, professor of natural history, at the University of Pavia,
Italy. Volta was a clever experimentalist, with a thorough knowledge of all
that had been done by others in the field of electricity, a great scientist. In
1800, he constructed the first source of steady, continuous current — the
voltaic pile. The voltaic pile was the first battery transforming chemical
energy into electrical energy. It is to this invention that we owe the
development of modern electrical science and industry.

Electricity Online

Vocabulary:

conductor — mpoBOTHUK
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to flow — Teun, mpoTekaTh
towards — k, 1o HampaBJICHUIO K
steady — yCTOWYMBBIIA, IPOYHBIH
to maintain — coxpaHsTh; TOJACPKUBATH
stream — oToK

magnitude — BenmuanHa, pazMepsl
quantity — konu4ecTBO

gradient — yxioH; ¢u3. rpagueHT
solution — pactBop

influence — BimstHME

field — mome; cepa

constitute — cocraBATh
reference — ccouika

SOUrCe — UCTOYHHK

voltaic — raapBaHMYECKMIA

pile — 1. Garapes

OWe — ObITh O0S3aHHBIM

Exercises

30.1 Read the following words:
electric, preceding, steady, high, quantity, molecule, ionize, through,
liquid, accompany, chemical, thorough, knowledge, source, owe.

30.2 Answer the following questions:

1.What happens when a charge of negative electricity is put at a point
on a conductor?

2.What do you call an electric current?

3.Does an electric current flow from points of low potential to those of
high potential?

4.When is a current accompanied by a chemical action?

5.When does an electric current pass through a gas?

6.Who constructed the first battery?

7.When was the voltaic pile constructed?

30.3 Translate the following sentences paying attention to the participle:
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1. An electric current passing through a conductor heats that conductor.

2.An electric current passing through a conductor, we generally detect
its presence thanks to its various effects.

3.An electric current is the flow of electrons through a metal conductor,
these electrons flowing along a wire just like water runs through a pipe.

4.The resistance being very high, the current in the circuit was low.

5.The voltage being increased, the field becomes strong to cause the
electrons to produce additional ions by collision.

6.Increasing the cross-section of the wire, we reduce the resistance to
current flow.

7.The molecules or atoms of a gas being ionized, an electric current
passes through that gas.

30.4 State if the following sentences are true to the fact or false.
Correct the false sentences.

1. If a positive charge is put at a point, the electrons move from that
point.

2.Copper is a good insulator.

3.Silver is the best conductor of electricity.

4.The current flows from points of low potential to those of high
potential.

5.In a salt solution, both positive and negative ions move under the
influence of the magnetic field.

6. The voltaic pile was the first generator transforming electric
energy into chemical energy.

30.5. Translate the following sentences, paying attention to the functions
of the gerund:

1. The magnetic lines of force are not the only means of showing the
presence and direction of the magnetic field.

2. The magnetic lines do not end on magnetic poles but continue passing
from the South to the North pole.

3. A device which stores electric charges by using the attractions which
they exercise on each other is a condenser.

4. There are many ways of using electrical energy.

5. Atomic energy is used in medicine besides its being a source of heat
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and power.
6. Connecting the two terminals in a closed circuit leads to a steady flow
of current from one terminal to the other.

30.6 Translate the following words and phrases:

time, at times, from time to time, in time, in no time, at the same
time, time after time, to have a good time, for a short time, to time, out of
time, time and again.

30.7 Translate into Russian the following word - combinations:

closed circuit, open circuit, pushbutton, voltaic pile, electric current,
potential difference, positive charge, the magnitude of the current, the
stream of electrons, chemical action, cross-section, unit of time, salt
solution, positive charge.

31 How electricity flows

Any charged object creates around itself an electric field

An electric current is the flow of electrons through a
metal conductor, these electrons flowing along a wire much the same as
water runs through a pipe.

When connecting the two ends of a conductor to two
points at different potentials, for example, such as the terminals of a
battery, they say that there is an electric current in the conductor. What
actually happens?

The battery causes a potential difference between the
ends of the wire and, thus, provides forces that make the electrons move in
this wire towards the point of higher potential. It is this electron stream
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towards the positive electrode that represents the electric current.

However, the positive and negative charges had been
named by Benjamin Franklin long before the electron was discovered. As
nobody knew then whether the positive charges or the negative ones could
freely move in a metal conductor, it was assumed that the current consists
of moving positive charges. Since that time, it has become the usual thing
to speak of the current as flowing from positive to negative. This direction
Is generally meant when the term "current" is used.

In other conductors: non-metals, electrolytes, gases the
current may be transmitted by negative charges as well as by positive
ones. As for metals, they differ greatly in the ease with which electrons
can be made to move from atom, to atom.

The magnitude of the current as well as the voltage and
resistance may vary from a minute amount to a very large quantity. The
electric current passing through a conductor is the amount of electricity
(that is, the sum of electron charges) passing through the cross-section of
this conductor in a unit of time.

In order to have a steady current, we must have a
completed circuit that is also called "closed circuit” and a continuous
supply of electric charges. (The terms "closed circuit" and "completed
circuit" are synonyms). Another important factor to be taken into
consideration is that current strength is equal at all points of a series
circuit.

The current starts flowing at the very moment when we
close the circuit, for instance, as soon as we turn the light on in our room.
If broken anywhere, the electric circuit will immediately stop carrying a
current. We can easily observe it many times a day, say, while turning off
the light on leaving our room. There is no flow of electrons along a
conductor and, therefore, no light as soon as we switch off, that is to say,
break the electric circuit.
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The local current is 220AC and the connection is made by a two-pin plug

Vocabulary:

charge — 3apsin

pipe — TpyOa

to cause — BbI3bIBATH, OBITH TPUUUHOM
stream — noToK

to represent — npeacTaBiIATh, 1EMOHCTPUPOBATH
t0 assume — npuHUMaTh BO BHUMAaHUE
t0 mean — 3HaunTh, O3HAYATh

ease — mokou, cBodoa

magnitude — BenmuurHa

quantity — konu4ecTBO

to vary — MeHAThCs

strength — cuna

Series — mocie0BaTeIbHOE COCTMHECHUE

Exercises

31.1 Read the following words:
electricity, charge, electron, minute, through, whether, quantity,
previously, though, conventionally, technical, series, circuit, vary, light.

31.2 Answer the following questions:
1.When does a wire carry an electric current?
2.\WWhat is an electric current?
3.Does current really flow from positive to negative?
4.How do electrons really move?
5.How does the magnitude of the current vary?
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6. When does the current start flowing?
7.\WWhen will the circuit stop carrying a current?

31.3 Translate the following sentences:

1. A magnet loses its properties when heated.

2.Potential difference can be measured, if necessary.

3.1f broken anywhere, the electric circuit will stop carrying a current.

4. Although a great technical achievement for its time, the electric candle
was not an efficient source of power.

5.Almost all substances are known to expand, when heated.

6. The electric current flows provided there is a closed circuit.

31.4 Among the following words find:
a) synonyms:

wire, to begin, flow, the same, completed circuit, provided, to start,
for instance, to turn off, minute, to turn on, to switch off, for example,
conductor, to switch on, stream, if, the very, closed circuit, small.
b) antonyms:

to charge, minute, the same, negative, direct current, closed circuit,
synonym, above, to start, to switch off, light, to switch on, positive, large,
to turn off, to discharge, different, to stop, broken circuit, dark, below,
alternating current, antonym, to turn on.

31.5 State if the following sentences are true to the fact or false. Correct
the false sentences.

1. Electrons are minute positive charges of electricity.

2.An electric current flows from the negative to the positive terminal of
the battery.

3.1n gases the current may be transmitted both by negative and positive
charges.

4.\WWe must have an open circuit in order to have a steady current.

5.When we close the circuit, the current starts flowing.

32 Direct and alternating current
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The electric current is simply a flow of electrons that
starts, say, from a battery or a generator, passes through resistances,
meters, lamps, motors and so on, and finally returns to its starting point.
Since such a current moves steadily in one direction, we call it a direct
current (fig. 32-1).

The direct current is, of course, useful. It is the kind of
current which is always associated with batteries such as those of
flashlights, for instance. We know that the electrical system in an
automobile and an airplane uses a direct current and so do the telegraph,
the telephone, and the tram, and so on. The direct current is also used to
meet some of the industrial requirements.

However, at present, most cities with but a few
exceptions make use of another kind of electric current for lighting,
heating, industrial and other purposes. This current flowing first in one
direction and then in another, is named as alternating current (fig. 32-2).

In spite of its usefulness a direct current system has one
great disadvantage. As yet, there is no easy, economical way by means of
which one can increase or decrease its voltage. The alternating current
does not know this disadvantage, alternating voltage increasing or
decreasing with little energy loss owing to the transformer.

Using a transformer, it is possible to transform power at
low voltage into power at high voltage, power at high voltage being also
transformed into power at low voltage.

The alternating current supplies the greatest part of the
electric power for industry today. Speaking of motors supplied by the a. c.,
one should mention asynchronous motors. They are the most useful
motors and are less expensive than d. ¢ motors.

Do you know who first widely applied the alternating
current in practice? It was Yablochkov, the famous Russian scientist, the
inventor of the electric candle. His candle was fed by the a. c. Before him,
the a. c. had been used only for laboratory experiments.

DC Current

.
L

Current (&)

Time
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AC Current
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Fig. 32-1. Direct Current Fig. 32-2. Alternating Current

Current (4)

Vocabulary:

t0 pass — npoxoauTh

to return — Bo3BpalaThCs

steady — yCTOHYMBBIH, TOCTOSTHHBIN
direct — mpsiMOH, 2J1. OTHOHAIIPABICHHBIN
Kind — Bu, pa3HOBHIHOCTH

requirement — rpeGoBaHue

development — pa3Butue

lightning — ocBemenue

pUrpose — memb

to increase — yBemmuuBaThCS

loss — moTeps

manner — cioco0

to suit — mogxoauTh

alternating — 1. mepemMeHHBIH
expensive — moporoii

to apply — npumeHsTH

candle — ceeua

to feed (fed, fed) — murats(cs1), KOpMHUTH

Exercises
32.1 Read the following words:

alternating, electron, through, resistance, steadily, automobile,
require, development, purpose, disadvantage, asynchronous.
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32.2 Answer the following questions:

1. What is an electric current?

2. Does a direct current change its direction?

3. Where is a direct current used?

4. What kind of current is used for lighting purposes at present?

5. What is the disadvantage of the direct current system?

6. What is the difference between a direct current and an alternating
current?

7. Who was the first to apply the alternating current in practice?

32.3 Translate the following sentences:

1. A direct current flows through a conducting circuit in one conduction
only.

2. Alternating current flows in cycles.

3. The number of cycles per second is the frequency of an alternating
current.

4. There are two frequencies: the standard for Europe is 50 cycles per
second while the standard for the USA is 60 cycles per second.

5. The equipment is under test.

6 When necessary a.c. can be changed into d.c.

7 Is it possible to measure the current flowing in an electric circuit?

8 The electric charges produced by friction can be made to flow from one
place to another along a wire.

9. It is easy to transform a.c. power from one voltage to another by a
transformer.

32.4 Translate the following words and groups of words:
this — thus, then — than, far — for, some — the same, four — for, in
order — in order to, from — form, other— each other, few — a few.

32.5 Find in the text English equivalents for the following words and
groups of words:

HECMOTpSL HA, YAOBJIETBOPSTh TPEOOBaHUSAM, MpPHU TOMOUIH,
OJlarogapsi, Hanmpumep, B HACTOSIIIIEE BpeMsl, TOAPOOHO.
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33 Meters

Using Ohm's Law and the law of the force of interaction
between the magnet and the current, we can make very simple instruments
to answer all these questions.

In fact, to measure the current strength and the voltage
Is not difficult at all, for all you have to do is to connect an ammeter or a
voltmeter in the circuit and then you can directly read off the amperes of
the former or the volts of the latter.

The amperemeter is known to be the very instrument
that is generally used to measure the current flowing in an electric circuit,
the electricians having abbreviated the name "amperemeter" toammeter
(fig.33-1). In an ammeter, an armature coil rotates between the poles
of a permanent magnet; but the coil restrained by a spring is able to turn
but through a small angle. The greater the current in the coil, the greater
the force and, therefore, the greater the angle of rotation of the armature.
The deflection is measured by means of a pointer attached to the armature,
the scale under the pointer reading directly in amperes.

When the currents to be detected and measured are very
small one should use a galvanometer. Some very sensitive
galvanometers are reported to detect a current as small as 10 of an
ampere, or even smaller.

A voltmeter is an instrument to be used for
measuring the potential difference between any two points in a circuit. Its
action is similar to that of an ammeter, both of them having armatures that
move when an electric current is sent through their coils. The deflection,
like that of an ammeter, is proportional to the current flowing through the
armature coil. But according to Ohm’s Law, we know volts to equal
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amperes times ohms. Hence, the voltage
Is proportional to the current and the
scale may be read directly in volts.
However, in spite of all
this similarity between a voltmeter and
an ammeter there are also important
differences. A voltmeter must have very
high resistance because it is allowed to
pass only a very tiny current which will
not disturb the rest of the circuit. An ammeter, on the other
hand, is required Fig. 33-1. Ammeter 50 amp t0 have a low
resistance, since all the current must
pass through it. In actual
use, the ammeter is placed in series with the rest of the circuit,
while the voltmeter is placed in parallel with that part of the circuit where
the voltage is to be measured.
In addition to instruments for measuring current and voltage, there are
also devices for measuring electric power and energy.

Vocabulary:

meter — mpubop, cYeTUUK

Interaction — B3anMoielicTBHE

to connect — coeqauHATH

instrument — mpuGop, ammapat
armature — tex. apmMarypa; 3J1. AKOpb
coil — xarymka

to rotate — Bpamarbcs, KPyTUTHCS
pole — ¢wu3. momroc

permanent — moCTOsIHHBIN

restrain — caepXUBaTh, OTPAHUIHUBATH
spring — Tex. mpyxuHa

angle — yromx

to deflect — orkmonsaTh(C51)

pointer — yka3artenb
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to attach — npukperIsaTh, MPUKIIAILIBAT
scale — mkana

sensitive — 9yBCTBUTENBHBIN

to detect — oOHapykuBaTh, OTKPHIBAThH
tiny — oueHp ManeHBKUHN, KPOIICUHBIH
to disturb — GecriokouTs, IpepHIBATH
device — ycTpolicTBO, IpudOP

Exercises

33.1 Read the following international words:
electrician, instrument, ammeter, voltmeter, galvanometer,
permanent, proportional, rotation.

33.2 Answer the following questions:
1.What is the ammeter used for?
2.What is the voltmeter used for?
3.What is the onmmeter used for?
4. When do we use galvanometer?
5. What is the difference between a galvanometer and an ammeter?
6.Should the measured circuit be opened when the ammeter is used?
7.In what way should the voltmeter be connected to the circuit?
8.In what way should the ammeter be connected to the circuit?
9.What is the difference between a voltmeter and an ammeter?
10.Can we compare an ammeter with a voltmeter?

33.3 Translate the following sentences paying attention to the infinitive:

1. A galvanometer is a sensitive instrument to detect and measure small
electric currents.

2.The resistance of an iron conductor is found to exceed that of a
Copper one.

3.We know the atmosphere to extend several hundred kilometres above
the earth.

4.The current is known to flow through a conductor in case there is a
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potential difference between the ends of the conductor.

5.0ne expects a voltmeter to have very high resistance.

6.Some energy must be expended to make the current flow or to
maintain a potential difference at the conductor terminals.

7.To prove Ohm's Law experimentally is not difficult at all.

8. To prove the connection between electricity and magnetism, one
must point to the electromagnet.

334 Give an English definition for the following terms:
1. ammeter

2.galvanometer
3.voltmeter
4. house service meter

33.5 Find antonyms among the following words:
difficult, insulator, frequently, unnecessary, low, below, little, equal,
seldom, necessary, high, easy, above, conductor, unequal, much.

33.6 Read the following abbreviations:
V, W, h. p., km, kg, A, mA, d. ¢, a. ¢, gr, in, cm.

33.7 Complete the sentences using the correct variant:

1.. The ammeter is a) a common meter
b) an uncommon device
2. In order to measure the value of current a) the ohmmeter is used

b) the ammeter is used

3.For measuring the potential difference  a) a voltmeter is used
between any two points in a circuit b) an ammeter is used
c) a galvanometer is used

4. The ammeter should be connected a) in series
b) in parallel
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5. To measure small currents a) a galvanometer is used
b) an ammeter is used
C) a voltmeter

34 Resistance

In everyday conversation the word "resistance” is
generally used to mean anything whatever that tends to oppose motion.

If a tram is running at a uniform speed along straight
rails, friction tends to reduce the speed of the tram, opposing its motion.
Likewise, resistance tends to reduce the flow of the electric current. The
power expended in maintaining the current through resistance is
transformed into heat. That is why heat develops in a metallic conductor,
whenever current flows. The amount of heat developed when the current is
flowing through the conductor is the measure of the ohmic resistance of
the conductor.

When an electric current flows through a resistance,
there is a loss of energy as well as a loss of voltage or electric pressure.
Both these losses are directly proportional to the amount of resistance.

The larger the diameter of the wire, the smaller the
resistance is and, hence, the more current can flow through it.

As a rule, if the length of a conductor is doubled, the
resistance is doubled and if its cross-sectional area is doubled, its
resistance is halved. For example, if a copper wire about 4 m long has a
resistance of one ohm, the resistance of an eight-meter long wire is two
ohms.

The resistance of a conductor depends not only on its
diameter and length but also on the kind of substance it is made of and on
its temperature.

There are some exceptions to the general rule of
increased resistance with increasing temperature. Let us take carbon as an
example. Its resistance does increase unless its temperature rises. It differs
from metals in this respect. Glass, likewise, when it is hot, conducts
current much better than it would, were it cold. Electrolytes, that is to say,
solutions through which a current is flowing, also decrease in resistance



111

provided their temperature is increased.

In power transmission one should use as good a
conductor as possible so that little power might be lost in heating the
conductors of the transmission line.

Vocabulary:

resistance — conpoTuBIIcHUE

to tend — umeTs TEHAEHINIO, UMETH CKJIOHHOCTD
t0 OpPPOSe — CONPOTUBIATHCS, IPOTUBUTHCS
friction — Tpenue

to reduce — cokparartb

to expend — TpaTuTh, pacxoa0BaTh

to maintain — coxpaHusTh, yAepKUBATh

loss — moteps

relationship — B3auMooTHOIIEHHE, CBA3D
strength — cuna

Cross section — momnepeyHoe ceueHue

area — romaab

to depend — 3aBuceTh

particular — ocobeHHbIM

doubtless — HecomHeHHO

exception — uckIIrOUCHUE

carbon — Xum. yriaepo; 3J1. yroiib, yTOIbHBIN 3JIEKTPOT
glass — crekio

solution — pactBop

Exercises
34.1 Read the following words:
resistance, uniform, straight, through, electric, amount, diameter,

double, particular, electrolyte.

34.2 Answer the following questions:
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1. What does the term "resistance" mean?

2.Does resistance tend to reduce the flow of electric current?

3.What does the resistance of the wire depend on?

4.When do electrons meet more resistance?

5.Does resistance decrease with increasing temperature?

6.Why is it necessary to have good conductors in transmission lines?

34.3 Translate the following sentences:
1.0hm's Law provided the possibility of determining resistance

provided the voltage and current are known.

2.Some materials conduct electricity readily provided light falls on
them or their temperature is raised.

3. The addition of heat does not increase the weight of metal, however,
the combination with air does increase its weight.

4. If the magnetic circuit consisted of non-magnetic material, the field
would be proportional to the current.

5.1t is possible to find out the resistance of the conductor at any given
temperature, provided the resistance at one temperature is known.

6. The pipe had a small cross-section are and the water flow per second

was also small.
7. Unless the cross-section of the wire Is decreased, its resistance will

be reduced.
8.1t is In a transmission line that one should use as good a conductor

as possible.

344 State to what part of speech the following words belong and
translate them:

measure, result, desirable, conductance, influence, generally, good,
relationship, important, wire, double, kind, halve, half, only, variation.

34.5 Translate the following words:
1.electric, electrical, electricity, to electrify, electrically,
electrification, electrician;
2.to continue, continuous, continuity, continually;
3.chemist, chemical, chemically, chemistry;
4.conduction, conductor, conductivity, conductance, to conduct,
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conductive, non-conductor;

5.to magnetize, magnet, magnetically, magnetic, magnetization, to
unmagnetize;

6.direct, to direct, direction, director, directly, directive,
unidirectional.

34.6 Translate into Russian. Mind no:
1. There is no energy in this machine.
2. No charges move through an open circuit.
3. No material is a perfect conductor.
4. No electric machinery is used without protection.
5. No special material is needed in this case.

34.7 Translate the following sentences:

1. Using tungsten for the filament greatly improved the incandescent
lamp.

2.Changing the resistance of a circuit is one of the methods of
controlling the flow of current in the circuit.

3. Changing the resistance of the circuit, one may control current flow.

4. The electric current passing through a wire heats that wire.

5. The heat developed will depend upon the amount of current.

6. The heat developed in the electric circuit is of great practical
Importance for heating and some other purposes.

7.1n electric motors, transmission lines, and generators heat is useless
and overheating is most undesirable.

35 Two main types of circuit connection

When electrical devices are connected so that the current is not
divided at any point, they are said to be connected in series. When two
lamp bulbs are connected in series (the wire enters at one side of the socket
and leaves it at the other) all the current that flows through the first bulb in
one second must also flow through the second bulb in one second.
Undoubtedly, under such conditions, the current in every part of a series
circuit is the same.



114

If the current is passed through two lamp bulbs, they will
not be so bright as when only one of them is in the circuit, at least, their
brightness
will be dimmed to a considerable extent. It is because in a series circuit the
total resistance equals the sum of all the separate resistances.

Series circuits are usually automatically controlled so
that the current is kept constant regardless of the voltage.

There are, undoubtedly, several advantages in using
lamps in series. Namely:

1. A number of low-voltage lamps can be connected to
a high-voltage circuit.

2. But one wire is required from lamp to lamp.

3. Most important is the saving in wire material.

The chief disadvantages are that all the lamps must
burn at the same time and, in addition, it is dangerous to handle the lamps
when the current is on.

A series circuit is by no means the only possible way of
circuit connection. In ordinary house lighting, for instance, lamps are
connected in parallel, each lamp filament representing an independent
path (or branch) from the minus main wire to the plus wire.

Series circuit (a) and parallel circuit (b)

As a matter of fact, in everyday electric work we often deal with
circuits where the current branches between two or more paths.
When a circuit is divided in such a way that part of the
current goes through one branch and part through another, it is called
either a parallel, or a shunt, or a multiple circuit.



115

In such a case, if we turn on the light in one room,
we may see that both bulbs light it brightly. Provided one of the bulbs is
unscrewed and removed, the second will continue burning as brightly as
before. Doubtless, that is unlike the series circuit.

In parallel circuits the total current is equal to the sum
of all the currents that are passing through the branches of that given
circuit.

Vocabulary:

Series — mocie0BaTeIbHOE COCTMHECHUE
bulb — mammouka

socket — poserka

to leave — mokumaTh, OCTaBIIATH

to dim — TyckHeTb, cl1abeTh
considerable — 3naunTensHO

extent — crenens, Mepa

total — memnbrit, oOmuit

separate — oTaeNIbHbIN

t0 Save — BKOHOMUTbH

independent — He3aBUCUMBIT

path — myTs, TOpOXKa, TPOTIMHKA
branch — BetBb

shunt — sm. ryHT

multiple — MHOTOKpATHBII, MHOTOYNCIICHHBIH
t0 SCrew — MpuBUHYMBATH, 3aBUHYHBATh
to remove — yaaniaTh

Exercises

35.1 Read the following words:

series, undoubtedly, bright, equal, automatically, disadvantage,
doubtless, multiple, unscrew, through, size, bulb, resistance, filament,
undoubtedly.
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35.2 Answer the following questions:

1. How many circuit connections are discussed in the text?

2. How are the series circuits controlled?

3. Why is the current kept constant in a series circuit?

4. What are the advantages of using lamps in series?

5. What is the difference between a series circuit and a parallel circuit?
6. What is the total current equal to in a parallel circuit?

35.3 Translate the following sentences, paying attention to the words in
bold type:
a) 1.Solutions through which a current is flowing, decrease in resistance
provided their temperature is increased.
2. These satellites are provided with the most modern equipment.
3.0hm's Law provided the possibility of determining the resistance
provided the voltage and the amount of current are known.
4.The first nuclear power plant provided the further development of
peaceful applications of nuclear power.
5. An electric current will flow provided there is a completed circuit.
b) 1. All matter is composed of molecules.
2.As a matter of fact a fuse made of lead breaks the circuit when
overloaded.
3. A wire and an electric cell form an electric circuit.
4. The stream of moving electrons is one form of an electric current.
5. The scientists of our country constructed a number of satellites.
6. The resistance in the coil depends upon the number of turns in it.
7. The equipment under consideration will require but one worker to
handle it.
8. We know, at present, that lightning is an electric spark but there was
a time when it was a problem that scientists were unable to solve.
9. But for the fuse a short circuit might cause fire.
10. Let us picture 2 lamps connected in shunt.
11. Do you see any picture on this page?
12. Lomonosov was the only scientist who wrote his articles in the
Russian language.
13.0nly one lamp is burning here.
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35.4 From the words given below form adjectives using the following
suffixes:

a) -able

to change, to consider, to suit, to move, to compare, to control, to

represent, to divide, to work;

b) -ous

danger, advantage, to vary, to continue;

c) -less

doubt, form, wire, regard, use, help, hope;

d) -al

industry, centre, culture, form, nation, mechanics.

36 Electromotive force
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Fig. 36-1. Electromotive force

We have already seen that the flow of current in a
metallic conductor is always accompanied by the development of heat.
We also know that energy must be expended to make the current flow or,
in other words, to maintain potential difference at the terminals of the
conductor.

It is obvious that a current will not flow in a circuit
made up entirely of metallic wires.

There must be some driving force to cause the electrons
to move through the metal conductor. This driving force tending to
produce the motion of electrons through a circuit is called an
electromotive force or an e. m. f., for short. It is the e. m. f. that moves
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electrical charges from one point in the circuit to another (fig. 36-1).

It is quite clear that the greater the electromotive force,
the greater the pressure on the electrons moving through the conductor.
However, although they call it a force, it is not a force at all, as that term is
understood in mechanics.

A Dbattery or other source of an electromotive force is
simply a device that produces a potential difference necessary for causing
the electric current (electrons) to flow along a conductor. The current is
known to flow through a conductor in case there is a difference of
potential between the ends of the conductor, for it is then that an
electromotive force is present.

One should distinguish between an electromotive force
and a potential difference. A generator or a battery is a source of an
electromotive force, whereas the voltage across a resistance in which a
current is flowing is a potential difference or a voltage drop. In general, the
e. m. f. of a battery or generator cannot be measured exactly at its
terminals, since these devices have an internal voltage drop when the
circuit is completed. If an e. m. f. is applied to a path which allows the
electrons to pass, they will move toward the point of higher potential, and
then a current is said to flow in the circuit. It is necessary to take into
consideration that the direction of movement of the electrons is opposite to
the conventional direction for current in a conductor; that direction is
considered to be away from the point of higher potential.

Vocabulary:

electromotive — sanekTpoaBIKYIIINAN
force — cuna

to expend — TpaTUTh, UCTIOJIB30BATh
to flow — Teun, mpoxoauTh

to maintain — coxpaHusTh, yAepKUBAThH
driving force — nBmwxymas cuna

to cause — BbI3bIBATH, OBITH TPUUUHOM
Motion — IBUKEHME

pressure — naBjicHHUE
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to distinguish — paznuuats, oTAMYATH

drop — mageHue, MOHMKEHHE

internal — BayTpenHuii

to apply — npuMeHSITh, HCIIOIb30BATh

to allow — mo3BomsITH, pa3pemars

OpPOSite — MPOTHBOIIOIOKHBIH

conventional — yciioBHBIN; TeX. CTaHIAPTHBIN

Exercises

36.1 Read the following words:

electromotive, accompany, development, entirely, cause, electron,
although, quantity, electricity, mechanical, source, measurable,
experimentator.

36.2 Answer the following questions:

1.What is the flow of current accompanied by?

2.What causes the electrons to move through a conductor?

3.1s energy expended to make the current flow?

4. What do we call an e. m. f.?

5. Isane. m. f. really a force?

6. What is a battery?

7. When does the current flow through a conductor?

8.What is the difference between an e. m. f. and a potential difference?

36.3 Translate the following sentences:

1. It is said that some people don't distinguish between ane. m. f. and a
potential difference.

2. It is necessary to remember that an electric current flows in the
completed circuit under the influence of an e.m.f.

3. It is known that a generator or a battery can be a source of an e. m. f.
4. One can say that an e. m. f. moves electrical charges from one point to
another.

5. One should remember that the voltmeter is the instrument used for
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measuring an e. m. f.

6. The lines of force are thought to leave the north pole of the magnet and
enter the south pole.

7. A generator is known to be a source of ane. m. f.

8. Electrons were found to move in some definite direction under the
influence of ane. m. f.

36.4 Translate the following sentences, paying attention to the words in
bold type:

1. To measure the resistance in the circuit one should use special
Instruments.

2. The electric generator is one of the most useful sources of an e. m. f.

3. If the wire is a large one and the current is a small one, one should use a
thermometer to detect the developed heat.

4. One must remember that one form of energy can be turned into another
one.

5. One can imagine magnetic lines as emitted from the north pole and
passing through the air to the south pole.

36.5 Find in the article the English equivalents for the following words:
MpenoigaracTcsi, O4YE€BUIHO, HEOOXOAUMO, OBLUIO YCTAHOBJIEHO,
U3BECTHO, TPYAHO, BO3MOXKHO.

36.6 Translate the following words and define the meaning of their
prefixes:

disproportional, indifferent, impossible, to reheat, preheat,
overload, megohm, to miscalculate, reaction, milliampere, to
misunderstand, irregular, dissimilar, supercritical, undoubtedly,
impractical, disproportional, misdirection, immeasurable.

36.7 Find among the following words:

a) antonyms

similar, action, conductor, minus, closed circuit, reaction, possible,
dissimilar, insulator, open circuit, impossible, plus;

b) synonyms

speed, through, stream, obviously, motion, across, device, movement,
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rate, flow, instrument, evidently.
37 Incandescent lamp

When the conductor of an electric

- _ current is so hot that it radiates light rays, it is
gongns / \ said to be incandescent. Conductors used for
' | making lamp filaments, when heated, soon

Incandescent Lamp

| become so hot that they radiate a white light.

Lead wies / In other words, the light is radiated by a metal
) filament heated to incandescence by the

% electric current (fig. 37-1).The percentage of
luminous radiation from a hot body is low but

it rapidly increases with the increase in
temperature of
Fig. 37-1. Incandescent lamp  the radiating body.
The filament must be placed
in an air-tight place for it will burn out unless oxygen is removed.
Incandescent lamps of older types had carbon filaments
prepared in various ways. To make a suitable lamp filament was an
extremely difficult thing. Lodygin, for instance, had to experiment
several years before he was able to make the first incandescent lamp burn
successfully. By the way, he was the first to use tungsten for filament.
Some idea of the work this problem involved may be gathered from the
fact that Edison had tried 6,000 different materials before he hit upon the
carbonized filament.

As the efficiency of an incandescent lamp greatly
depends upon the temperature its filament can be heated to, tungsten is
now mostly used for lamp filaments. Its melting point reaches about
3,300° C. The energy to be expended per candle power is less than half
that used by carbon lamps of the same type. Generally speaking, tungsten
and tantalum are the very metals that are used for lamp filament
production, at present. The resistance of these metals is considerably less
than that of carbon. The light radiated is whiter and, as stated earlier, it
requires less current than with the carbon filaments.

The modern tungsten lamp filament is a coil whose ends
are fastened to the ends of supports connected with leading wires.
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Two great inventors played a prominent part in the
development of the incandescent lamp. Their names are Lodygin and
Edison. Lodygin was not only the inventor of the lamp under
consideration, but also the first scientist to use it for lighting purposes.
When Lodygin's lamp appeared first and replaced the arc lamp, it attracted
Edison’'s attention. For several years the American inventor worked hard at
its improvement. At last, in 1879, he created an improved incandescent
lamp suited for practical purposes and finally solved the problem of cheap
electric lighting on a large scale.

Vocabulary:

ray — ay4
filament — auTe Hakama

incandescent — packaJiecHHBIN, HaKaJICHHBIN J00e1a
candescence — HakaJIMBaHHE 100€a

luminous — ceeTsmmiics

rapidly — 6p1cTpO

OXYgen — KUcJIopoa

to remove — yaaniaTh

suitable — moxxomsauii

melting point — Touka rIaBJIeHHS

tungsten — xum. Boab(pam

tantalum — xuM. TanTaNI

to fasten — 3akpennsaTh, MPUKPETIATH
prominent — BELIAIOIINIACS, H3BECTHBIN

arc — myra

to attract — npusiiekaTh

to solve — pematn

Exercises

37.1 Read the following words:
incandescent, behind, candle, light, white, percentage, luminous, air-
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tight, successfully, development.

37.2 Answer the following questions:
1. When does a conductor radiate light rays?
2. Why must the lamp filament be placed in an air-tight place?
3. What filaments were used in incandescent lamps of older type?
4. Who was the first to use tungsten filaments in incandescent lamps?
5. What does the efficiency of an incandescent lamp depend upon?
6. How many inventors worked at the incandescent lamp development?
7.Who else worked at the incandescent lamp improvement?

37.3 Translate the following sentences and define the functions of the
words in bold type:

1. The water rheostat is often used as an emergency device for
controlling large currents for a certain period of time, for water is found
almost everywhere.

2.Lodygin received a patent for his invention in America.

3.Edison worked, at the improvement of the incandescent lamp for a
long time for this problem interested him greatly.

4.The incandescent lamps are used for lighting purposes.

5.But for tungsten the filament would burn out in no time.

6.As for tungsten it is still considered to be the very metal used for
filament production.

37.4 Translate the following sentences:
1. The relative motion of a conductor or of a magnetic flux determines

the e. m. f. induced.

2. If the magnetic flux is cut in the manner described, an e. m. f. will be
induced.

3. When a tungsten filament lamp is burning, the light radiated is white.

4.The tungsten filament placed in an air-tight bulb and heated by an
electric current radiates light.

5.The incandescent lamp improved by Edison suited for practical
purposes.

6. The problem the scientist solved was extremely difficult.
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7.The laboratories our students work in are provided with the best
production equipment.

8. Lodygin constructed an incandescent lamp which could burn for two
hours.

9. All the necessary data we found in the magazine are of great practical
Importance.

10. The facts you told me about are connected with the history of
electrical engineering.

37.5 Translate the following adjectivised nouns used as attributes:

carbon filament, carbon filament lamp, carbon filament lamp
development, metal filament lamp, lamp filament production,
incandescent lamp filament production, lamp filament production
problem, power plant generator work, electric energy generation plan,
electrification program development.

37.6 Find in the article attributes for the following nouns and translate
the word combinations formed:
force, difference, wire, direction, energy, assumption.

38 Chemical and electrical energy

The invention of the electric cell opened the way for the
use of a continuously flowing current. The electric current from a cell was
found to last relatively long. Discharge from a battery or a dry cell results
in a steady flow of an electric current.

As one should know, the electric cell is the very device
to convert chemical energy into electric energy. Part of this energy being
changed into heat, not all the chemical energy of the cell or battery is
transformed into electric energy. At any rate, the sum total of the
chemical energy is computed to equal the sum total of all the other forms
of energy into which it is converted. The principle of the conservation
and transformation of energy also holds with regard to the electric cell.

Chemical reaction within the cell tends to keep the two
battery terminals charged, one with a positive charge and the other with a
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negative charge. Connecting the two terminals in a closed circuit leads to a
steady flow of electric current from one terminal to the other. What this
flow of current was and how it could flow along a wire has long interested
electrical scientists. At first, they thought it to be a kind of liquid that
really flowed along the wire and back to the battery.

Only the modern theory of the composition of matter
could give, at last, the real and the only possible explanation of the
movement of the electric current. The flow of electrons from the zinc
plate to the copper plate in the external circuit was found to represent
electrical energy. This energy comes from the zinc that is dissolved in
the electrolyte.

The crowded electrons on the zinc plate of the cell tend
to move towards the copper one because of the electrical pressure
created. To connect the two plates with a copper wire means to form a
path for electron flow. In other words, the copper wire that connects the
two plates forms a very easy path for the movement of electrons. It is
considered to be a good conductor of electricity. Electrons moving
through a wire, electrical energy is generated. Moving electrons can do
work. They can produce heat and light and can make motors run.

We know that the wire and the electric cell form an
electric circuit. If the wire is disconnected or broken at any point, the
current of electricity will not flow. In such cases the circuit is said to be
open.

If there is no electrical connection between the zinc and
the copper but a little zinc will dissolve.

When the wire is connected in such a manner that the
current can flow, the circuit is said to be closed.

Vocabulary:

cell — 7:1. anmemenT

continuous — HeTPEPBIBHBIHI

charge — 3apsin

to last — mmuThCs, IPOIOIKATHCS
steady — cTaOMIIbHBIM, TOCTOSHHBIN



126

to convert — npeBpaiatb, KOHBEPTUPOBATH
plate — mnacTuHKa; 371. aHOJ,

conservation — coxpaneHue

transformation — mpespamenue

terminal — 51, KJIeMMa; BBOJ MJIM BBIBO

to flow — Teun, mpoTekaTh

external — BaenTHMIA, HAPYKHBIH

to generate — BeipabaThIBaTh

Exercises

38.1 Read the following international words:
chemical, electrical, convert, theory, electrolyte, zinc, transformation,
terminal, generation, battery, manner.

38.2 Answer the following questions:

1.What device converts chemical energy into electrical energy?

2.1s all chemical energy of a battery transformed into electrical energy?

3.What does a chemical reaction within the cell tend to do?

4.What takes place within the cell?

5.Why do the electrons on the zinc plate move towards the copper
plate?

6. What can moving electrons do?

7.Will a current flow if the wire is broken?

8.What do you call a completed circuit?

38.3 Translate the following sentences paying attention to the infinitive:

1. We know the storage battery to be made of chemicals to generate an
electrical current at the expense of chemical energy.

2.When the currents to be detected and measured are very small, one
should use a galvanometer.

3. A galvanometer is a sensitive instrument used to detect and measure
small electrical currents.

4.Capacity is the property of a conductor determining the quantity of
electric charges to be put upon it in order to bring its potential to a given
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number of volts.
5.The process of conducting an electric current through a liquid to
produce chemical changes in that liquid is known as electrolysis.
6.Lodygin was the first to use an incandescent lamp for lighting
pUrposes.

7.We know the electric cell to be a device used for converting chemical
energy into electrical energy.

8. Tungsten which has been discovered in 1783 seemed to have the
highest melting point.

9. To measure the current is quite necessary for our experiment.

38.4 Translate the following words and define their part of speech:
1.chemical, chemistry, chemically, chemist;
2. relate, relation, relative, relatively, relativity;
3. invention, inventor, invent, inventive;
4. position, positive, positively, opposition, oppose;
5. producer, produce, production, productive, productivity, productively,
unproductive, product;
6. connect, disconnect, connection, connective, connected, unconnected;
7. chargeable, discharge, recharge, charge, charger.

39 Batteries

Primary and Secondary Cells. The term "battery" applies strictly to
an assembly of several cells connected either in series or in parallel but the
terms "cell" and "battery" are frequently misused, that is, used
interchangeably.

Batteries produce electricity



128

Each cell is provided with two plates of conducting material connected
together and immersed in an electrolyte. When both the plates of differing
conducting material are immersed in an electrolyte, there is a difference of
potential between each of these plates and the electrolyte.

If the plates are connected together through an external
circuit, a current will result and chemical reactions will occur in the cell.

Primary cells are electrochemical devices designed to
develop an electrical potential and convert chemical energy into electrical
energy. The parts of a primary battery are consumed as it furnishes
electrical energy, therefore, it is either destroyed, at last, or some parts of it
are renewed.

Secondary cells, or as they are more commonly called
storage cells, are made use of both to convert chemical energy into
electrical energy and to reconvert the latter into chemical energy.

After a definite amount of electricity has been delivered
by the discharge of the battery, the active material of the plates can be
restored to its original or charged condition by passing an electric current
through the battery in a reverse direction.

The process is called electrolysis provided the electric
current passes through a liquid so as to produce chemical changes in that
liquid. The laws of electrolysis were first stated by Faraday who made
fundamental investigations in the field of electrolysis.

The cell, or battery, has played an important part in the
development of science and engineering. As batteries perform
innumerable useful services, doubtless, many of our modern achievements
would have been quite impossible but for the battery.

Vocabulary:

assembly — tex. MmoHTaXK, COOpKa

to immerse — morpyxatb

to occur — ciyyarscst, IPOUCXOAUTH

to consume — noTpeOasATh, PacX010BaTh
to destroy — pa3pymars
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storage — xpaHeHue, HaKaIUIMBaHUE
to deliver — nocraBnaTh

discharge — am. pa3psin

to restore — BoccTaHaBJIMBATH
reverse — oOpaTHbIi

electrolysis — anexTponu3
investigation — ucciaenoBanue

field — obmacTs, cdepa; moie

Exercises

39.1 Read the following international words:
electrolyte, electrochemical, electrolysis, characteristics, potential,
result, reaction, battery, fundamental, process, engineering, origin.

39.2 Answer the following questions:
1.What does the term "battery" really mean?
2.What is the cell provided with?
3.When will chemical reactions occur in the cell?
4.What are primary cells?
5.What are storage cells used for?
6.How can the active material of the plates be restored to its original
condition?
7.Who stated the laws of electrolysis?

39.3 State if the following sentences are true to the fact or false. Correct
the false sentences.
1. A cell consists of three plates of insulating material connected
together.
2.Primary cells are designed to convert chemical energy into
mechanical energy.
3. Secondary cells convert chemical energy into electrical energy and
reconvert it into chemical energy.
4.Volta made fundamental investigations in the field of electrolysis.
5. Wet cells contain liquids.



130

6. Dry cells do not contain any liquid, they are really dry.

39.4 Give all the derivatives from the following words and translate
them:
to apply, to use, to change, to differ, to direct, to convert, to charge.
39.5 Form adjectives from the following nouns using the suffix:
a) "-ful": use, power, doubt, help, success, fruit;
b) "-less": doubt, weight, end, friction, use, ground.

39.6 Read and translate the following pairs of words:

to use — use, to subject — subject, to present — present,
to object — object, to increase — increase, to export —export, to transport
— transport, to perfect — perfect.

39.7 Translate the following words and define their part of speech:

strictly, condition, assembly, commonly, primary, external, destroy,
moisture, changeably, direction, fundamental, electrostatic, consideration,
development, impossible, doubtless, portability, action.

40 The fuel cell

_ A fuel cell is a device for
generating electricity (fig.40-1).

To generate electricity from a
fuel such as coal or oil, that coal or oil should first
be burned. It is the energy of burning that heats
water to steam. Steam, in its turn, is used to rotate
a turbine. The turbine operates a generator which

- produces an electric current. In other words,
Fig.40-1. Fuel cell we convert the chemical energy of the fuel into
heat energy, the latter Dbeing
converted into mechanical and then electrical energy.

Chemical energy can also be converted into electrical

energy directly, without going through heat. To do so we must make use of
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an electric cell. Such a cell consists of one or more solutions of chemicals
into which two metal rods, called electrodes, should be immersed. A
particular chemical reaction goes on at each electrode and electrons are
either released or absorbed. The electron pressure at one electrode is
higher than that at the other, so that unless the two electrodes are
connected by a wire, electrons will not flow through that wire from one
electrode to the other.

In some cases, if an electric current is forced back
through a cell after that cell has been exhausted, the chemical reactions
within it are made to run in reverse. Thus, the cell can then store chemical
energy and be used to produce an electric current again. The storage
battery in an automobile is an example of such a reversible battery.

A little chemical energy is wasted in a cell, since it is
there that chemical energy is converted into electricity in a single process.
Certainly, the chemicals used in cells are all rather expensive. Zinc does go
into the making of a flashlight battery, whereas lead into the making of an
automobile storage battery.

The fuel cell must be a device in which the properties of
fuel and those of an electric cell are combined. It is the cell in which
cheap fuels are used instead of expensive metals in the chemical reactions.

The chemical energy of these fuels is turned into
electrical energy in a single process with less waste than in the usual
double process.

A great advantage of the fuel cell is that it continuously
provides uninterrupted electrical energy until the external fuel sources are
exhausted.

Of particular importance is its extremely high efficiency
iIf compared with other methods of power generation and its economical
fuel consumption. In effect, the fuel cell is a battery that does not wear out
rapidly, does not need recharging, and weighs much less. It is noiseless
and can withstand great overloads. An example of a fuel cell is the
hydrogen-oxygen fuel cell
containing  two electrodes and an
electrolyte.

Lithium lon Banery-_%
Hydrogen Tank

Power Management & Distribution Radiators 4
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Fuel-cell-airplane
Vocabulary:

device — ycTpolicTBO

to rotate — Bpamarscs

to convert — npeBpaiaTbCs; KOHBEPTUPOBATH
solution — pactBop

rod — pyT; cTepkeHb; Opyc

to release — ocB0OOX1aTh; BHITYCKATh
to exhaust — ucromars, cuepnbpIBaTH
storage — xpaHeHue

to waste — tpaTtuth

lead — cBuHeT

external — pHemIHMIA

consumption — motpebieHue

overload — nmeperpy3ka

Exercises

40.1 Read the following words:
chemical, course, double, quantity, immerse, electron, exhaust,
reversible, automobile, advantage, oxygen, hydrogen.

40.2 Answer the following questions:
1. What do you call a fuel cell?
2.What is steam used for?
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3.Can chemical energy be converted directly into heat energy?
4.What do we use an electric cell for?

5.What does an electric cell consist of?

6. Where is the storage battery used?

7.What is the difference between a fuel cell and an electric cell?
8.What are the advantages of a fuel cell?

40.3 Translate the following sentences:
a) 1. It is in space flights that the fuel cells have been proved reliable in
operation.

2. Both types of batteries do generate current in cells through a chemical
reaction.

3.1t is the extremely high efficiency of the fuel cell that attracts the
scientists' attention.

4. It is the fuel cell that is the promising power source for the future.

Lead does go into the making of an automobile storage battery.
b) 1. If a few of the atoms of a body had an electron removed, the body
would have a small charge.

2. The force of the earth's gravitation will decrease provided the distance
from the earth increases.

3.Were the plates connected together through an external circuit, a
current would result and chemical reactions would occur in the cell.

4.As the charge of the electron is negative and that of the proton is
positive, it might be thought that the proton would attract the lighter
electron and draw it into the nucleus. This would happen unless the
electron were revolving around the nucleus.

40.4 State if the following sentences are true to the fact or false. Correct
the false sentences.

1. A fuel cell is a device used for measuring temperature.

2.\We can convert the chemical energy of the fuel into electric energy.

3.Expensive metals instead of cheap fuels are used in a fuel cell.

4.A great advantage of the fuel cell is that it continuously provides
chemical energy.

5. A fuel cell needs recharging and weighs very much.
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41 Self —induction

We know that when an electric current flows in a circuit, a magnetic
field is produced by it. The direction of this field is correlated with that of
the current.

Thus, the current in a conductor always produces magnetic field
surrounding or linking with the conductor. This current changing, the
magnetic field will change as well; and whenever there is a change in the
magnetic field surrounding a conductor, an e. m. f. is induced in the
conductor. This e. m. f. is called a self-induced e. m. f. because it is
induced in the current-carrying conductor. The relationship between the
current and the induced e. m. f. is a fundamental characteristic of an
electric circuit. It was examined by the outstanding Russian scientist Lenz.
He discovered the following: when the current in a circuit increases, the
flux linking with the circuit also increases; this flux induces an e. m. f. in
the conductor in such a direction as to oppose the magnetic flux increase.
The current decreasing, an e. m. f. is induced in the direction which
coincides with that of the current, thus, opposing the decrease of current.
Lenz stated that the self-induced e. m. f. impedes any current change and
tends to support the former current value. The above is known as Lenz's
Law (fig. 41-1).

An electric circuit in which an appreciable e. m. f. is induced, while
the current is changing, is called an inductive circuit, and we say that the
circuit has self-inductance. In other words, the inducing of an e. m. f. in
a circuit by a varying current in that very circuit is called self-
induction,

s

Fig. 41-1. Lenz’s Law

Remember that the induced e. m. f. is proportional to the rate the
lines of force are cut at. Therefore, if the coil has many turns and produces
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a strong magnetic field, and if the current is stopped very quickly, the
rapid collapse of the field will greatly increase the rate at which the lines
of force are cut. But the cutting of the lines of force occurs only during the
very short time that the magnetic field is collapsing, so only then is the
extra current induced.

Vocabulary:

to exceed — yBenuuuBaTh

distribution — pacnpenencuaue

property — cBOMCTBO

to induce — sn. UHAYKTUPOBATH

to correlate — yctaHaBIMBaTh COOTHOIIICHHE

to surround — oxpyxatb

to link — coenuusATH, CBA3BIBATE

to coincide — coBnazathb

to impede — mpensATCTBOBATH, MEIIATh, 32/ ICPKUBATH
appreciable — 3amMeTHBIMN, OIYTUMBIH; TOIAFOIITUHACS OIICHKE
rate — ckopocTb; HOpMa

to cut — pesats, paccekaTb

collapse — pymmuThcs, citbHO c1abeTh

Exercises

41.1 Read the following words:
comparatively, exceed, require, characteristic, flux, impede, value,
appreciable, collapse.

41.2 Answer the following questions:

1. Why does most of the world use a. c?

2. What property of an electric circuit was discovered by Faraday?

3. Is a magnetic field produced when an electric current flows in a circuit?
4. When is an e. m. f. induced in a conductor?

5. What was discovered by Lenz?
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6. What is an induced e. m. f. proportional to?

41.3 Translate the following sentences and define the functions of the
participle:

1. A simple example of self-inductance will be considered here.

2.Lenz stated that the self-induced electromotive force impeded any
change of current, the above being known as Lenz's Law.

3. A conductor moving through a field will cut the lines of force at a rate
that is influenced by several factors.

4. Speaking of self-induction, one should mention Faraday's discovery.

5.The pole of a magnet being moved towards one face of the coil, the
current induced in the coil produces a magnetic field.

6. The north pole of a magnet being moved closer to a coil, the induced
current causes a field opposing the motion.

7.Having determined the number of amperes and volts, one can find the
resistance of the coil.

8. The relative motion of both the flux and the conductor determines the
e. m. f. induced.

9.Working at his new device, the inventor made a number of
improvements, the latter resulting from his own experiments.

10. The lines of force being cut by the wire, an e. m. f. is induced in that
wire.

41.4 Find antonyms in the article for the following words:
high voltage, insulator, decrease, the latter, large, long, to cover,
often, dangerous, unnecessary, action.

415 Translate and compare the following groups of words:

date —data; minute (n) — minute (a); both— both... and; fact — in
fact; this — thus; other — each other; that — so that; later — the latter —
letter; some — the same; through— though; to put — to put down; to
carry — to carry on; ten times —much time; so — or so; to give — to
give up; in order — in order to.

41.6 Translate the following sentences:
1.When placed in a magnetic field, the molecules of steel do not readily
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turn around in the direction of the lines of force.

2.1f properly designed, the meter should give correct readings.

3.We should rub steel always in the same direction when magnetizing it.

4.As previously mentioned, an electric current produces a magnetic
field.

5.Electrons generate electrical energy, while moving along a wire.

6.Although quite young, Faraday had to work as a bookbinder's
apprentice.

7.Power can be generated wherever suitable and used wherever
required.

42 Mutual induction

Changes of current in one circuit induce a current in another circuit.
We have seen that, when the field of an electromagnet collapses, an
electromotive force is induced by the lines of force cutting across the
magnet’s winding: that is to say, an e.m.f. is induced in the coil by the

lines of force of its changing magnetic field, this effect being called self-
induction.

Coil 2

Fig. 42-1. Mutual inductance

Now let us suppose that near-by there is another coil
which is connected to another circuit. The lines of force from the first coil
will also cut the wire of the second coil when the magnetic field collapses
or is built up (fig. 42-1).

Thus, we should expect that an e. m. f. is induced in this
coil too, and such is really the case.

Let us call the first coil — the primary and the second
coil — the secondary. Suppose that we connect the ends of the secondary
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to a lamp. Now we place this coil within, say, 30 cm or so of the primary.
If a direct current is flowing through the first coil, no effect will be
observed as long as the current is steady. However, the current being
suddenly shut off, the lamp attached to the second coil flashes more or
less brightly. Moving the coils sufficiently close together, we can also
make the lamp flash when the switch is suddenly turned off.

Here we see that the lines of force from the first coil
induce a current in the circuit of the second coil, this being another kind of
induction. The effect involving both coils and being a mutual one, we call
it mutual induction.

We know that the effect of self-induction was
continuous in an a. c. circuit. So, let us connect our primary coil directly to
the 120-volt, 50-cycle a.c. circuit and then gradually bring the secondary
coil nearer.

We find that the lamp burns continuously. The reason is
that the rise, fall and reversal of the alternating current cause the lines of
force of the primary to be rising, falling and reversing across the
secondary. The lines of force that cut the secondary coil wire induce an e.
m. f. in it, causing a current in the secondary circuit.

The primary and the secondary coils may be considered
as linked by the moving force lines of the changing magnetic field. The
total number of lines of force passing through a coil or any other area is
generally called — magnetic flux.

The voltage induced in the secondary coil depends upon
the rate, the lines of force are cut at, when the current in the primary coil
changes or upon the rate of the magnetic flux change. Therefore, the
greater the rate of change of the magnetic flux reaching the secondary coil
and passing through it, the greater the induced e. m. f. and current in the
secondary circuit.

3’

Supplied AC ,: = v Induced AC

i
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expanding
and contracting
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Mutual inductance

Vocabulary:

mutual — B3auMHBII

primary — rmepBHYHBIHI

secondary — BTOpu9IHBIiH

steady — yCTOWYMBBIIA, IPOYHBIH
winding — oOmMoTKa

coil — karymmka

to flash — cBepkats, BcibIxuBaTH

to shut off — BeIKITFOUATE, M30TMPOBATH
to involve — Bkirouath

gradually — mocrenenHo

Exercises

42.1 Read the following words:

winding, steady, brightly, mutual, cause, through, flux, induce,

however, reverse.

42.2 Answer the following questions:

1.
2.

o 0k w

What kinds of induction do you know?

When do the lines of force from the first coil cut the wire of the second
coil?

Can you give us an example of mutual induction?

When is a current caused in the secondary circuit?

What do we call a magnetic flux?

Are the primary and the secondary coils really linked by the force
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lines?
7. What does the voltage in the secondary coil depend upon?
8. What is the difference between self-induction and mutual induction?

42.3 Translate the following sentences:
1. In spite of our calling an e. m. f. a “force”, it is not a force at all, as
that term is understood in mechanics.
2.Plants are useful sources of energy thanks to their storing the sun’s
radiation in chemical form.
3.0One cannot use this new instrument without its being regulated.
4.\We heard of the new device having been put into operation.
5. Everyone knows of Lomonosov’s being a great Russian scientist.
42.4 Translate the following word combinations:
l. coemuHsrOmas MPOBOJIOKA, COCIWHEHHAs MPOBOJIOKA, COCIUHSS
MIPOBOJIOKY, COEAUHUB IIPOBOJIOKY,
2. HaBOJAMMBIN TOK, HaBEJsl TOK, HABEJICHHBIN TOK.

425 Explain the meaning of the prefixes in the following words:

to overheat, to preheat, to reheat, to mislead, to discover, to
rediscover, to underestimate, unreliable, imperfect, irregular, ineffective,
illegal, to misunderstand, unnecessary, discharge, recharge.

42.6 Find in the article adjectives for the following nouns:
circuit, flux, coil, induction, current, force.

43 Electric current generation

There are at least four principal methods available for
generating electric currents: 1. chemical reaction; 2. thermal or heat
action; 3. light action, and last but not least, 4. magnetic action.

Batteries can generate electricity by means of chemical reactions. To
produce a current by chemical reaction, an alkali or an acid is made to
react with a metal. The device to be used is
called a }} voltaic or an electric cell, a group of two

A
/ _#.,fﬂ
v
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or more cells connected together forming 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 reactions.

%

Thermocouple

Heat is certain to produce current when applied to two
unlike metals soldered together in two points. The apparatus used is called
a thermoelectric couple or thermocouple, for short. The word “couple”
used in this term should mean that two unlike metals or metals and alloys,
say, such as cooper and constantan are joined together so that they can be
properly heated in the point of the joint.

The reason the thermocouple generates current is due to
the fact that the heat tears the electrons off of the negatively charged metal
at the point of joint just as the electric cell chemical reaction is expected to
tear the electrons off of the zinc electrode. It is these electrons that
constitute the current flowing through the circuit.

There are semiconductor thermo elements which without
any machinery convert thermal energy into electric energy as efficiently as
small steam installations do.

Falling on a special kind of cell, a light beam can
generate an electric current. The appliance using that phenomenon to
produce electricity is called a photoelectric cell. Photoelectric cells appear
to be used in a great number of common devices. One can’t help
mentioning lasers, too, since it has been found that laser powerful beams
can be turned into electricity with a very high efficiency.

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 or an electromagnet. In the case of the wire cutting
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through the magnetic field of a permanent magnet, the appliance is called a
magneto-electric machine or simply “magneto”. The wire cutting through
the magnetic field of an electromagnet, the apparatus is said to be a
dynamo electric machine or a dynamo, for short. Generally speaking, there
are several ways by means of which electric currents can be generated by
magnetic action, all of them being based on the same principle, namely, on
cutting magnetic force lines with a conductor.

Vocabulary:

to generate — BeipabaThIBaTh, TECHEPUPOBATH
reversible — tex. peBepcuBHBII

by means — mocpeACcTBOM, IPU TTOMOIITH
alkali — menmous

acid — kuciora

to apply — npumeHsTH

to solder — masgTe, cmauBaTh

alloy — crinaB

joint — Tex. coequHEHHE

to constitute — cocTaBisITh, OCHOBBIBATh
installation — ycranoska

beam — jryu

laser — nmazep

Exercises

43.1 Read the following words:
generation, available, thermal, chemical, alkali, acid, voltaic, cell,
thermocouple, physicist, machinery, efficiently, laser, armature, source.

43.2 Answer the following questions:
1. What are the principal methods of current generation?
2.What does a group of two or more batteries form?
3.What did Volta invent?
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4.\What apparatus is used for producing current by thermal action?

5.What metals are joined to form a thermocouple?

6. What does the term "thermocouple™ mean?

7.What is the difference between a chemical reaction and a thermal
action?

8.How is a current generated by magnetic action?

43.3 Translate the following sentences and define the non-finite forms of
the verb:

1. Faraday is known to have measured the electric current for the first
time in the world.

2. The magnet being moved into the coil, the wire of the coil cuts the
lines of magnetic force and an e. m. f. is produced by induction.

3. To convert heat directly into electrical energy, we must take two wires
of dissimilar metals, solder the ends to make a closed circuit and then heat
the point of the joint.

4.To convert heat directly into electrical energy is not difficult at all.

5.Charging the electroscope positively, we find that the light does not
influence the discharge rate of the electroscope.

6. Charging the electroscope positively does not affect the electroscope
discharge rate.

7. The instrument to be described here was developed several years ago.

8. The temperature rising, the bodies expand, their volume increasing.

9.0n connecting the upper ends of the metals with a metal wire, we
made the current flow through that wire.

10. Electricians consider silver and copper to be the best conductors of
electricity.

11.There are many good conductors of electricity, silver and copper
being the best of all.

43.4 Translate the following words and define their part of speech:
1. consider, consideration, considerable, considerably, reconsider;
2.generate, generation, generator, degenerate;
3. efficient, efficiency, efficiently;
4. construction, construct, constructor, reconstruct, reconstruction,
constructive;
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5.convert, conversion, convertible, converter, reconvert.

44 Sources of electrical energy

It was discovered that electric currents might be
provided by chemical action in cells or batteries. Thus, in the case of the
battery, chemical energy is converted into electricity. However, a battery
IS by no means the only source of electric energy. It is well known that
electricity may also be obtained by other means. For instance, it may be
got at the expense of mechanical power.

There are numerous ways and various installations by
means of which one can obtain mechanical energy, i. e., work. Among
these we find the electric motor as well as the steam and water turbines.

According to the Law of the Conservation and
Transformation of Energy, it is impossible to create or destroy energy but
it can be converted from one form to another.

In rotating the armature of a generator, mechanical
energy (work) is converted into electrical energy. Quite the opposite, in
operating a motor, electrical energy is reconverted into mechanical energy
(fig. 44-1). One cannot but add in this connection that it is sufficient to
connect a generator and a motor together by means of an insulated wire in
order to transmit power to any distance desired.

A motor/generator set

Power Power
in out

Shaft
CijImg

Fig. 44-1. A motor generator set

It is obvious, however, that a country's power
engineering resources depend not only on its hydro-resources alone.
Power may be obtained as well from any kind of generating station.
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Vocabulary:

SOUrce — UICTOYHHUK

to convert — npeBpaiuath, NepeaeibIBaTh
to obtain — mory4yath

EXpense — tpara, pacxon
NUMErous — MHOTOYMCJICHHBIN
installation — yctanoska

to Create — co3naBaTb, TBOPUTH
to destroy — pa3pymars

to rotate — Bpamarecs

armature — apmarypa; 3J1. SKOpb
sufficient — nocraTouHbIi
obvious — oueBuHO

Exercises:

44.1 Read the following words:
source, chemical, mechanical, numerous, law, armature, require,
desire, hydroelectric, giant, thermal, nuclear, commercial.

44.2 Answer the following questions:

What are the means of obtaining electrical energy?

Can an electrical current be provided only by chemical action?

Is a battery the only source of electrical energy?

What are the sources of electrical energy?

What are the ways of obtaining mechanical energy?

Is it possible to destroy energy?

Does a generator convert electrical energy into mechanical energy?

No ok~ wdE

44.3 Complete the following sentences:
1. It is interesting to ...
2. 1t is obvious that ...
3.1t is known that ...
4.1t is necessary to ...
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5.1t is said that ...

6. One must know that ...

7. She was asked to...

8. One can say that...

10. One should remember that...

44 4 Translate the following sentences:

1. It is known that energy cannot be created.

2.You are asked to give some examples of energy transformation.

3.1t is impossible to create energy.

4.The construction of large thermal power plants is paid great attention
to.

5.0ne must be very careful when operating a nuclear reactor.

6. They employ new devices to obtain better results.

7.This mechanism is believed to be the best for converting heat into
work.

8.0ne could not obtain results without repeating the test.

9. This old type generator is said to have many disadvantages.

445 Find in the article attributes for the following nouns:
work, energy, plant, pressure, way, installation, turbine, motor,
power, action, temperature, resources.

45 Electric motors

We know that a motor is an electric rotating machine converting
electrical energy into mechanical energy.

Mechanical energy furnished by a water wheel or an engine is
converted by a generator into electrical energy. To utilize that generated
energy, we need another machine that will reverse the process, that is,
will reconvert electrical energy back into mechanical energy. Such a
machine is the electric motor. Here, it is electricity that is furnished to the
machine; it is mechanical energy (work) that results.

Electric motors are used in industry, transport, mines, business,
farms and even houses. They are the moving elements in various
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household appliances, such as vacuum cleaner, washing machine,
refrigerator, and the like.

Trams, local trains and trolley buses are powered by electric motors,
thus, providing cities with clean, fast, comfortable transportation.

And in each of the places, where they work, the electric motors
produce just the desirable kind of motion, speed, and power. As is well
known, for uniformity and interchangeability motors are standardized in
sizes, types, and speeds. They are available in various sizes from but a
small fraction of a horse-power (h. p.) to many thousands of horse-power.
Motors are also available in a wide range of speeds. Their speed may be
fixed (or synchronous), constant for given load conditions, adjustable, or
variable. Many are self-starting and reversible. They can meet a wide
range of service requirements, namely: starting, accelerating, running,
braking, and stopping the load.

Because of the widespread availability of alternating-current power,
a. c. motors are in common use. There are many types of such motors,
each of them having special characteristics or properties. They are
generally classified by principle of operation, by the type of construction,
and the like. Induction motors are the most common a. ¢. motors. The
current in their rotor is induced as the motor conductors cut the lines of
the magnetic flux created by the stator. Three-phase induction motors are
self-starting, simple, reliable motors with a constant speed characteristic
over the rated load limits. We know of their being successfully used in
industry. As for single-phase induction motors, they require special means
of starting, nevertheless, they are widely used in fractional horse-power
sizes.
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Electric motor

Vocabulary:

to furnish — caaGxatp, mpenOCTaBIATH
wheel — xoneco

engine — qBuraTelb

household — nomarnaunit

desirable — xemarenbHBIN, TOIXO XA
uniformity — equaoOOpa3ue

fraction — wactuna, 1071s; APoOH
adjustable — perynmupyemsrii

load — Harpyska

reliable — magexxHbIA, TPOUHBII
single-phase — ogHoda3HbI

range — psia, TMHUA; 00JacTh

variable — mepemeHHBI#
interchangeable — B3auMo3ameHseMbIi
similar — moxoxxuii

flux — morok

Exercises

45.1 Read the following words:

person, machine, mechanical, wheel, utilize, reverse, nevertheless,
interchangeable, numerous, advantage, irreplaceable, atmosphere,
synchronous, stator, torque.

45.2 Answer the following questions:
1.What is a motor?
2.What machine reconverts electrical energy into mechanical energy?
3.Can we do without motors?
4.Where are motors used?
5. In what household appliances are the motors used?
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6. How are the motors classified?
7.What are the most common motors?

45.3 Form nouns from the following verbs, using various suffixes and
translate them:

to generate, to utilize, to consider, to produce, to require, to
accelerate, to classify, to construct, to induce, to create, to transport, to
apply.

45.4 Explain the construction of the following words:
flashlight, bookbinder, fatherland, loudspeaker, widespread,

waterfall, nevertheless, microampere, radioset, airplane, newspaper,
shortcircuit, thermocouple.

455 From the words given below form new words using negative
prefixes: "'in-"", ""ir-"", "'dis-"", "'un-"", ""im-""

similar, expensive, reversible, reliable, replaceable, convenient,
economical, to like, possible, successful, desirable, measurable, available.

46 Transformers

A transformer cannot be called a machine for it has no
moving parts. We know the transformer to be an apparatus designed for
changing the alternating voltages and currents by means of magnetic
induction, the frequency remaining unchanged (fig. 46-1).

Secondary
winding

Magnet
e Flux, Efic =

3
b
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Fig.46-1. An ideal step-down transformer showing magnetic flux in the core

A two-winding transformer consists of two coils, that is
windings, so arranged that the magnetic lines of force of one coil pass
through the other. Transformers being generally used only with alternating
current, there is no need to make and break the circuit. The alternating
current in one coil induces an e. m. f. in the other one because of the
alternations in the value of the current in the first coll.

In order to strengthen the magnetic field passing through
the windings of a transformer, a closed iron core is generally used. The
iron core provides a good passage for the magnetic lines of force and
nearly all the lines of force from one coil do pass through the other, except
the dissipation flux. An ideal transformer has no no-load losses. It means
that all the lines of force of one coil pass through the other, and vice versa.
However, an ordinary transformer is supposed to have no-load losses.

The winding to receive the electrical energy is called the primary
winding, or primary, for short. The other winding which receives energy
inductively from the primary and delivers it to the load is the secondary
winding, or secondary, for short. In case, the secondary has more turns
than the primary, the output voltage is larger than the input voltage, and
the transformer is called then a step-up transformer. The secondary having
fewer turns than the primary, the transformer is called a step-down
transformer. In a well built transformer the product of the secondary
voltage multiplied by the secondary current is almost equal to the product
of the primary voltage times the primary current.

If the same number of magnetic lines of force pass through two
coils, the ratio of the e. m. f's to be induced in the two coils is
proportional to the ratio of the number of turns in the two coils. In the
transformer this means that the e. m. f. in the secondary is to the e. m. f. in
the primary as the number of turns in the secondary is to the number of
turns in the primary.
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Transformer

The transformer has made long-distance power transmission
economically possible. Owing to this device the power may be transmitted
at a high voltage and reduced at the point where it is to be used.

It is the step-up transformer that should be used to raise the voltage
of alternating-current generators, i. e., alternators, so that electrical energy
would be transmitted economically at high voltages and low currents. In
its turn, the step-down transformer reduces the high voltages to save
values suitable for motors and other machines.

Ordinarily transformers are expected to maintain practically constant
terminal voltage at all loads but there are transformers of the so-called
constant-current type which are designed to maintain a constant current for
all loads, the terminal voltage varying according to the change in load.

frequency — wactora
coil — karymmka

COre — cepaCYHHK
winding — oomMoTKa
alternation — uepemoBanue
value — BennunHa

to strengthen — ycunuts
dissipation — paccesiaue
loss — moteps

primary — nmepBHYHBIHI
secondary — BTOpu9IHBIi
to receive — moy4arhb
to deliver — mocTaBisATh

Vocabulary:
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turn — BUTOK

Step-up — moBkIIIATH
step-down — moHmxkaTh
to reduce — cokparartb

Exercises

46.1 Read the following words:
transformer, machine, design, winding, frequency, arrange, through,

break, value, passage, vice versa, primary, ratio.
46.2 Answer the following questions:

1. s a transformer a machine?

2.What does a two-winding transformer consist of?

3.What is a transformer designed for?

4.Why does the a. c. in one coil induce an e. m. f. in the other?

5.What does the term "primary winding" mean?

6. What is the difference between a step-up transformer and a step-down
transformer?

7.1s it possible to transmit power over long distances?

46.3 Translate into English the following sentences:
1. 3BecTHO, 4TO TpaHC(HOPMATOP MEHSET HANPSKEHHUE U TOK.
2. MBI 3HaeM 4YTO NEPEMEHHBIM TOK B OJHOW KaTyIIKE MHIYLHPYET
3.11.C. B IPYTOM.
3. Bropuunas oOMoOTKa TpaHc(popMaTopa NoAaeT TOK K Harpy3Ke.
4. TpanchopmaTop UCTIONB3YETCS ISl U3SMEHEHUS HANPSHKEHUS B LICTIH.
5. bnaronapst TpancopmMaTopy CTajio BO3MOXKHO NEepeaBaTh SHEPTUIO
Ha OOJIbIINE PACCTOSHUS.
6. IlepBuuyHas KaTylika B MOHWXKAIOIIEM TpaHC(opMaTope HMEET
OOJbIIE BUTKOB YEM BTOPUYHAS.
7. Nnorpa TtpaHcopmaTop NPUMEHSIOT [Jii H30JUPOBAHUS JBYX
AJIEKTPUYECKUX LICTIEH.
8. IlepeMeHHOE HANpPSHKEHUE MOXKHO TMOBBIIATH W TOHWXKATh IIPU
MOMOIIY TpaHchopmartopa.
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46.4 State if the following sentences are true to the fact or false. Correct
the false sentences.

1.We can say that a transformer is a machine.

2.Direct current transformers are widely used in industry.

3. A transformer has no moving parts.

4. A transformer can step the voltage up or down.

5.Mechanical energy can be changed into electric energy by means of a
transformer.

6. If the secondary has more turns than the primary the output voltage is
larger than the input voltage.

7. The lines of force from one coil pass through the dissipation flux.

PART 4. TEXTS FOR ADDITIONAL READING

Mikchail Lomonosov

Mikchail Lomonosov, the great Russian
scientist and poet, was a son of a fisherman. His first
years of study were difficult. He studied at the
Slavonic-Greek-Latin Academy in Moscow. Later on
he continued his studies in Petersburg and then
abroad. Lomonosov founded our first university, the
Moscow University, named after him. He founded the
first chemical laboratory in Russia, he taught
chemistry and other subjects at the Academy of

Sciences.
M. Lomonosov He formulated the main principles of one of the
(1711-1765) basic laws of physics — the law of conservation of

matter and motion. He asserted that all matter was made up of minute
particles which he called "elements™" and "corpuscles”. By "corpuscles” he
meant compound particles consisting of simple particles — "elements".
Now we say molecules and atoms. It is remarkable that the difference
between the molecule and the atom made clear by Lomonosov was
precisely formulated for the second time at a special international congress
of chemists only a hundred years later. Lomonosov maintained that since
"corpuscules" and "elements" represent infinitely small bodies, possessing
all the properties of an ordinary body, their motion and interaction follow
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the general laws of mechanics. As mechanics, Lomonosov set himself a
problem, very unusual for his time, — that of creating "mathematical
chemistry". Lomonosov was the first who gave the idea about absolute
zero. He translated a course in physics from German into Russian and
introduced into the Russian scientific language such terms as thermometer,
formula, atmosphere and some others.

Lomonosov also found that heat, light and electricity are different
forms of motion. He and his friend, academician Rihman, both worked at
the problem of atmospheric electricity and stated the electrostatic nature of
electricity in atmosphere.

He devoted his whole life to the development of Russian
science, and all that he did he did for his people and for his country.
Thomas Alva Edison

The name of Thomas Alva Edison is widely
known throughout the world. The most famous of
all his contributions was the improvement of the
electric lamp. Thus, highly appreciating Lodygin's
invention, Edison went further and worked out a
more efficient incandescent filament lamp that was
durable, cheap and suitable for the large-scale
production. It is also owing to Edison that an
efficient system of electric light distribution was
carried out, due to which the widespread use of this

Thomas Edison lamp became possible. Edison was a self-taught

(1847-1931) man, his schooling being limited to three months in a
public school. In spite of this, from early childhood he displayed an
intense curiosity as well as a great capacity for work and study. He began
to experiment at the age of ten or eleven. Instead of a laboratory he used
the cellar of his parents' house.

Later on, Edison had to overcome many difficulties
because of the lack of money and assistance. Many years had passed
before he could dispose of laboratories and workshops of his own. Thanks
to his native genius, his capacity for work (for months he slept no more
than one or two hours a day) and the profound study he made of every
problem he worked at, he headed technical research in his country and
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enriched humanity with his numerous inventions.

Isaak Newton

Isaak Newton was born in a farmer's house on December 25, 1642 in
a little village not far from the old university town of Cambridge.

His family wanted him to become a farmer, but with no
success, as his mind was always busy with observing various phenomena
of nature. He studied at Cambridge at mathematical course. Some years
later after having taken his degree he was appointed professor to the chair
of physics and mathematics at Cambridge. He delivered lectures in optics.
The study of light was Newton's favorite study. He
came to the conclusion that white light consisted of
rays of different colours and that each particular
kind of coloured ray was differently bent when it
fell on a glass surface at the angle. His results
formed the bases of modern spectrography. The
theory of gravity was developed by him when he
was only 24. Having seen the fall of an apple he
came to the conclusion that the apple and the earth
were pulling each other, and he began to think of

Isaac Newton the same pull of gravity extending far beyond the

(1642-1727) earth. The problem of the paths of the planets, one
of the greatest problems of those times, was "What laws could account for
the ceaseless motion of the planets round the Sun?" Newton deduced and
calculated the force of gravity acting between the Sun and the planets, thus
establishing the law of gravitation. By discovering this law, he
demonstrated the uniformity of things and found a connecting link
between the mechanics of the earth and the mechanics of the heavens.

Newton’s mechanics was the first complete theory in the
history of physics. (and science in general) which described a large class
of phenomena , viz. the motion of bodies. One of Newton’s
contemporaries expressed his admiration at this theory in the following
Verses:
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Nature and nature’s Laws
Lay hid in night;
God said, Let Newton be
And all was light.

Benjamin Franklin

Benjamin Franklin is acknowledged to be the founder of the theory
of atmosheric electricity. He was the first to prove that the lighting was an
electrical phenomenon. Franklin developed a new theory of electricity that
he called positive and negative. He finally invented a means of protection
against the disastrous effects of lighting - the lighting rod.

Franklin is known and respected all over the
world not only as a scientist but also as a citizen
who did as much as he could for the good of his
country. Coming out in defence of the Afro-
Americans, Franklin declared slavery to be not
only an evil from the moral point of view, but also
an obstacle to the social interests of America. He is
thought to be one of the broadest as well as one of
the most creative minds of his time.

Benjamin Franklin
(1706-1790)

Michael Faraday

Michael Faraday was born in a small village near
London. His father, a poor blacksmith, could feed and clothe his family
with difficulty but was entirely unable to afford the luxury of an education
for his boy. Michael had to work, and he had to learn a trade. When a boy
of 13, he became an errand-boy and later on a bookbinder's apprentice.

Some of the scientific books passing through his hands
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aroused the boy's interest in science.

Notwithstanding his scant wages, he used to buy
inexpensive materials to make an apparatus necessary for performing
experiments.

Finding the apprentice studying electricity, a visitor to
the bookbinder's shop gave him tickets to attend four lectures by Humphry
Davy. While at the lectures, Faraday listened, understood everything and
put down every word. Then, at home, in his room, he wrote Davy a letter,
telling him of his great interest in science and his desire, to do scientific
work.

They say that Davy was a scientist well known for his
researches and discoveries but his greatest discovery was Michael
Faraday.

In his lifetime, Faraday performed
more than two thousand laborious experiments and
made countless valuable discoveries in chemistry and
physics. What we are most interested in here is just
one discovery of his, namely, the generation of
electricity from magnetism.

The fact that electricity could
produce magnetic effects turned his thoughts towards
the reverse possibility — that of generating electricity
owing to magnetic effects.

Michael Faraday It is characteristic of him that when he gave up the
(1791-1867) varied scientific interests that had taken all his time
and concentrated on the problem of electromagnetic
induction, he solved it within ten working days.

Faraday wound a copper wire into a coil, and to this wire
he connected a galvanometer in order to detect any current which might be
generated. He observed the galvanometer needle move both while
plunging a bar magnet into the hollow coil and while lifting it out.
Evidently, electricity had been produced in the coil. But why had his
previous experiments failed? It was because his magnets, wires, and coils
had been stationary. It was only when the magnet was moving that an
electric current was generated.

As known all over the world, on October 17, 1831,




158

Faraday made his historic discovery, namely, induction of a current in a
conductor resulted when the conductor was made to cut the lines of
magnetic force.

Lodygin

The creation of the first incandescent lamp is closely connected with
the name of the well-known Russian scientist and inventor, Alexander
Nicolayevitch Lodygin.

Lodygin created the first incandescent lamp and laid the foundation
for the production of the present-day incandescent lamps that are much
more economical than the lamps with carbon electrodes. Lodygin was the
first to turn a laboratory device into a means of electric lighting.

He was also the first inventor to discover the
advantages of the metal wire filaments iIn
comparison with other filaments.

Lodygin's great achievements paved the way
for further of successful work a number of other
Russian electrical engineers.

In 1872 Lodygin constructed a number of
incandescent lamps, these first lamps consisting of a
glass bulb with a carbon rod serving as a filament.

In 1873 he produced an improved lamp having

Alexander Lodygin two carbon electrodes instead of one and a longer

(1847-1923) life (about 2 hours and even 2 hours and a half).

That very year Lodygin demonstrated his
invention in several Petersburg streets, lighting them by means of his
electric lamps. It was the first practical application of the incandescent
lamp for lighting purposes. Lots of people went out into the street to see
electric light for the first time in their life and, as a matter of fact, for the
first time in the world.

Lodygin was never satisfied with his achievements and continued to
perfect his invention. Indeed, a more perfect lamp designed by him
appeared in 1875. The interest in Lodygin's lamp greatly increased.
However, under very hard economic conditions existing in tsarist Russia he
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got neither the help nor the necessary support to realize his plans. He
himself was practically without money, having spent all he had on his
numerous experiments.

Lodygin's study of metal filaments having a high melting point is a
work of world importance. It is he who introduced tungsten filaments in a
vacuum. He received a patent for his invention in America. Tungsten is

still considered to be the very metal that should be used for filament
production.

Automation

Automation is performing certain tasks, previously done by people,
by machines only. The sequences of operations are controlled
automatically. The most familiar example of a highly automated system is
an assembly plant for automobiles or other complex products.

Industrial robots engaged in vehicle underbody assembly

The term automation is also used to describe nonmanufacturing
systems in which automatic devices can operate independently of human
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control. Such devices as automatic pilots, automatic telephone equipment
and automated control systems are used to perform various operations
much faster and better than could be done by people.

Automated manufacturing had several steps in its development.
Mechanization was the first step necessary in the development of
automation. The simplification of work made it possible to design and
build machines that resembled the motions of the worker. These
specialized machines were motorized and they had better production
efficiency.

Industrial robots, originally designed only to perform simple tasks in
environments dangerous to human workers, are now widely used to
transfer, manipulate, and position both light and heavy workpieces
performing all the functions of a transfer machine.

In the 1920s the automobile industry for the first time used an
integrated system of production. This method of production was adopted
by most car manufacturers and became known as Detroit automation.

The feedback principle is used in all automatic-control mechanisms
when machines have ability to correct themselves. The feedback principle
has been used for centuries. An outstanding early example is the flyball
governor, invented in1788 by James Watt to control the speed of the steam
engine. The common household thermostat is another example of a
feedback device.

Using feedback devices, machines can start, stop, speed up, slow
down, count, inspect, test, compare, and measure. These operations are
commonly applied to a wide variety of production operations.

Computers have greatly facilitated the use of feedback in
manufacturing processes. Computers gave rise to the development of
numerically controlled machines. The motions of these machines are
controlled machines. The motions of these machines are controlled by
punched paper or magnetic tapes. In numerically controlled machining
centres machine tools can perform several different machining operations.

More recently, the introduction of microprocessors and computers
has made possible the development of computer-aided design and
computer-aided manufacture (CAD and CAM) technologies. When using
these systems a designer draws a part and indicates its dimensions with the
help of a mouse, light pen, or other input device. After the drawing has
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been completed the computer automatically gives the instructions that
direct a machining centre to machine the part.

Another development using automation is the flexible manufacturing
systems (FMS). A computer in FMS can be used to monitor and control
the operation of the whole factory.

Automation has also had an influence on the areas of the economy
other than manufacturing.

Many industries are highly automated or use automation technology
in some part of the operation. In communications and especially in the
telephone industry dialing and transmission are all done automatically.
Railways are also controlled by automatic signaling devices, which have
sensors that detect carriages passing a particular point. In this way the
movement and location of trains can be monitored.

Types of automation

Manufacturing is one of the important application fields for
automation technology. There are several types of automation in
manufacturing. The examples of automated systems used in manufacturing
are described below.

1. Fixed automation, sometimes called “hard automation” refers to
automated machines in which the equipment configuration allows fixed
sequence of processing operations. These machines are programmed by
their design to make only certain processing operations. They are not
easily changed over from one product to another. This form of automation
needs high initial investments and high production rates. That is why it is
suitable for products that are made in large volumes. Examples of fixed
automation are machining transfer lines found in the automobile industry,
automatic assembly machines and certain chemical processes.

2. Programmable automation is a form of automation for producing
products in large quantities, ranging from several dozen to several
thousand units a time. For each new product the production equipment
must be reprogrammed and changed over. This reprogramming and
changeover take a period of non-productive time. Production rates in
programmable automation are generally lower than in fixed automation,
because the equipment is designed to facilitate product changeover rather
than for product specialization. A numerical-control machine-tool is a
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good example of programmable automation. The programme is coded in
computer memory for each different product style and the machine-tool is
controlled by the computer programme.

3. Flexible automation is a kind of programmable automation.
Programmable automation requires time to reprogram and change over the
production equipment for each series of new product. This is lost
production time, which is expensive. In flexible automation the number of
products is limited so that the changeover of the equipment can be done
very quickly and automatically. The reprogramming of the equipment in
flexible automation is done at a computer terminal without using the
production equipment itself. Flexible automation allows a mixture of
different products to be produced one right after another.

Robots in industry

Today most robots are used in manufacturing
operations. The applications of robots can be divided into three
categories:

1. material handling
2.processing operations
3.assembly and inspection.

Material-handling is the transfer of material and loading and unloading
of machines. Material-transfer applications require the robot to move
materials or work parts from one to another. Many of these tasks are
relatively simple: robots pick up parts from one conveyor and place them
on another. Other transfer operations are more complex, such as placing
parts in an arrangement that can be calculated by the robot. Machine
loading and unloading operations utilize a robot to load and unload parts.
This requires the robot to be equipped with a gripper that can grasp parts.
Usually the gripper _ must be designed

specifically for the VAN particular part
geometry. / A\
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Robots in industry

In processing operations robot manipulates a tool to perform a process
on the work part. Examples of such applications include spot welding,
continuous arc welding and spray painting. Spot welding of automobile
bodies is one of the most common applications of industrial robots. The
robot positions a spot welder against the automobile panels and frames to
join them. Arc welding is a continuous process in which robot moves the
welding rod along the welding seam. Spray painting is the manipulation of
a spray-painting gun over the surface of the object to be coated. Other
operations in this category include grinding and polishing in which a
rotating spindle serves as the robot's tool.

The third application area of industrial robots is
assembly and inspection. The use of robots in assembly is expected to
increase because of the high cost of manual labour. But the design of the
product is an important aspect of robotic assembly. Assembly methods
that are satisfactory for humans are not always suitable for robots. Screws
and nuts are widely used for fastening in manual assembly, but the same
operations are extremely difficult for a one-armed robot.

Inspection is another area of factory operations in which
the utilization of robots is growing. In a typical inspection job, the robot
positions a sensor with respect to the work part and determines whether
the part answers the quality specifications. In nearly all industrial robotic
applications, the robot provides a substitute for human labour. There are
certain characteristics of industrial jobs performed by humans that can be
done by robots:

1.the operation is repetitive, involving the same basic
work motions every cycle,
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2.the operation is hazardous or uncomfortable for the
human worker (for example: spray painting, spot welding, arc welding,
and certain machine loading and unloading tasks),

3.the workpiece or tool are too heavy and difficult to
handle,

4.the operation allows the robot to be used on two or
three shifts.

The science of electricity

In order to understand how electric charge moves from one atom to
another, we need to know something about atoms. Everything in the
universe is made of atoms — every star, every tree, every animal. The
human body is made of atoms. Air and water are, too. Atoms are the
building blocks of the universe. Atoms are so small that millions of them
would fit on the head of a pin.
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An atom

Atoms are made of even smaller particles. The center of an atom is
called the nucleus. It is made of particles called protons and neutrons.
The protons and neutrons are very small, but electrons are much, much
smaller. Electrons spin around the nucleus in shells a great distance from
the nucleus. If the nucleus were the size of a tennis ball, the atom would be
the size of the Empire State Building. Atoms are mostly empty space.
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If you could see an atom, it would look a little like a tiny center of
balls surrounded by giant invisible bubbles (or shells). The electrons
would be on the surface of the bubbles, constantly spinning and moving to
stay as far away from each other as possible. Electrons are held in their
shells by an electrical force.

The protons and electrons of an atom are attracted to each other.
They both carry an electrical charge. An electrical charge is a force within
the particle. Protons have a positive charge (+) and electrons have a
negative charge (-). The positive charge of the protons is equal to the
negative charge of the electrons. Opposite charges attract each other.
When an atom is in balance, it has an equal number of protons and
electrons. The neutrons carry no charge and their number can vary.

The number of protons in an atom determines the kind of atom, or
element, it is. An element is a substance in which all of the atoms are
identical (the Periodic Table shows all the known elements). Every atom
of hydrogen, for example, has one proton and one electron, with no
neutrons. Every atom of carbon has six protons, six electrons, and six
neutrons. The number of protons determines which element it is.

Electrons usually remain a constant distance from the nucleus in
precise shells. The shell closest to the nucleus can hold two electrons. The
next shell can hold up to eight. The outer shells cans hold even more.
Some atoms with many protons can have as many as seven shells with
electrons in them.

The electrons in the shells closest to the nucleus have a strong force
of attraction to the protons. Sometimes, the electrons in the outermost
shells do not. These electrons can be pushed out of their orbits. Applying a
force can make them move from one atom to another. These moving
electrons are electricity.

Sources of energy

We use many different energy sources to do work for us. Energy
sources are classified into two groups — renewable and nonrenewable.
Renewable and nonrenewable energy can be converted into secondary
energy sources like electricity and hydrogen.
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In some countries most of our energy comes from nonrenewable
energy sources. Coal, petroleum, natural gas, propane, and uranium are
nonrenewable energy sources. They are used to make electricity, to heat
our homes, to move our cars, and to manufacture all kinds of products.

These energy sources are called nonrenewable because their supplies
are limited. Petroleum, for example, was formed millions of years ago
from the remains of ancient sea plants and animals. We can’t make more
petroleum in a short time.

Renewable energy sources include biomass, geothermal energy,
hydropower, solar energy, and wind energy. They are called renewable
energy sources because they are replenished in a short time. Day after day,
the sun shines, the wind blows, and the rivers flow. We use renewable
energy sources mainly to make electricity.

Electricity and hydrogen are different from the other energy sources
because they are secondary sources of energy. Secondary sources of
energy — energy carriers — are used to store, move, and deliver energy in
easily usable form. We have to use another energy source to make
electricity or hydrogen. In the United States, coal is the number one energy
source for generating electricity. Today the cheapest way to get hydrogen
IS by separating it from natural gas, a nonrenewable energy source.
Hydrogen can also be separated from water and from renewables but
hydrogen made from these sources is currently too expensive to compete
with other fuels. Scientists are working on ways to make hydrogen from
water and renewables more affordable.

Wind power is of increasing importance in many countries
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A secondary source

Electricity is the flow of electrical power or charge. It is
a secondary energy source which means that we get it from the conversion
of other sources of energy, like coal, natural gas, oil, nuclear power and
other natural sources, which are called primary sources. The energy
sources we use to make electricity can be renewable or non-renewable, but
electricity itself is neither renewable or non-renewable.

Electricity is a basic part of nature and it is one of our
most widely used forms of energy. Many cities and towns were built
alongside waterfalls (a primary source of mechanical energy) that turned
water wheels to perform work. Before electricity generation began slightly
over 100 years ago, houses were lit with kerosene lamps, food was cooled
In iceboxes, and rooms were warmed by wood-burning or coal-burning
stoves. Beginning with Benjamin Franklin’s experiment with a kite one
stormy night in Philadelphia, the principles of electricity gradually became
understood. Thomas Edison helped change everyone's life - he perfected
his invention - the electric light bulb. Prior to 1879, direct current (DC)
electricity had been used in arc lights for outdoor lighting. In the late-
1800s, Nicola Tesla pioneered the generation, transmission, and use of
alternating current (AC) electricity, which can be transmitted over much
greater distances than direct current. Tesla's inventions used electricity to
bring indoor lighting to our homes and to power industrial machines.

Despite its great importance in our daily lives, most of us
rarely stop to think what life would be like without electricity. Yet like air
and water, we tend to take electricity for granted. Everyday, we use
electricity to do many jobs for us - from lighting and heating/cooling our
homes, to powering our televisions and computers. Electricity is a
controllable and convenient form of energy used in the applications of
heat, light and power.

The nature of electricity

Most homes have two incoming voltages: 120 volts for lighting and
appliance circuits and 240 volts for larger air conditioning and electric
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dryer circuits.

When an appliance switch is turned on, electrical current flows
through the wire, completing the electrical "circuit" and causing the
appliance to operate. The amount of flowing current is called "amperage."
Most lighting circuits in the home are 15 amp circuits. Most electric dryers
and air conditioners require larger 30 amp circuits.

The amount of electrical power needed to make an appliance operate
Is called "wattage" and is a function of the amount of current flowing
through the wire (amperage), and the pressure in the system (voltage).
Mathematically speaking, volts x amps = watts. So, if we have a 120 volt
system and a 15 amp current, we can flow a maximum of 120 x 15 or
1,800 watts on a typical lighting or appliance circuit. When too many
lights or appliances are attached to the electrical system, it will overload
and overheat. This can cause the wire insulation to melt and ignite,
resulting in an electrical fire. The amount of electrical current flowing
through wire is affected by resistance. This is known as "ohms."
Resistance causes increased heat in the wire. Heat is the byproduct that
makes some appliances work, such as an iron, toaster, stove or furnace.
Large current faces high resistance when moving through a small wire.
This generates lots of heat. That's how an incandescent light bulb works.
Resistance through the light filament causes it to heat up which gives off a
bright light. Electrical resistance also is affected by the length of a wire.
Operating an electrical hedge clipper with a long extension cord increases
resistance and might cause the cord to overheat, melt or ignite. The same
occurs if too many strands of Christmas lights are connected together.

General electrical safety

When a house is under construction, city inspectors visit to make
sure the electrical system is in compliance with the City Building Code
and the National Electrical Code. Only licensed electricians are permitted
to install electrical systems. During home remodeling, when electrical
circuits are added or changed, make sure to use a licensed electrician
whose work complies with the electrical code. Add enough outlets in every
room to avoid using multiple plugs or extension cords. Use a ground fault
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interrupter (G.F.1.) on circuits in the bathroom, or outdoors where water or
moisture is present. G.F.I. is a type of very sensitive circuit breaker.

When choosing an electrical appliance, be sure it is approved by a
safety-testing laboratory. This insures that it has been constructed in
accordance with nationally-accepted electrical standards and has been
evaluated for safety. Use the appliance only according to manufacturer's
specific instructions.

If you touch an electrical appliance, wall switch or electrical cord
while you are wet or standing in water, it will increase the chance of
electrical shock.

When using an extension cord, be sure it is designed to carry the
intended load. Most cannot carry as much current as permanent wiring and
tend to overheat. Do not use an extension cord in place of permanent
wiring, especially if a tripping hazard exists or where there is high physical
abuse, such as under a carpet. Keep electrical cords away from infants and
toddlers and use tamperproof inserts on wall outlets to prevent them from
sticking objects into the outlets. The cord must be protected from damage.
Do not run it around objects or hang on a nail. Inspect it periodically for
worn insulation and overall condition.

Safety with electrical appliances

The potential for electrical shock or fire
from an electrical appliance is very real,
especially when safety recommendations are not
followed.

Before buying an appliance, look for the
label of a recognized testing laboratory.

Keep space heaters, stoves, irons and other
heat-producing appliances away from furniture,
curtains, bedding or towels. Also, give
televisions, stereos and computers plenty of air-
space so they won't overheat.

Never use an appliance with a damaged
cord, and be sure to use three- pronged electrical
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devices in three-pronged outlets.
Safety and operation of These outlets may not be available in older homes,
electrical appliances S0 use a three-pronged adapter, and screw the tab
onto the grounded outlet box cover. Never cut off or bend the grounding
pin of the plug. If you have a polarized plug (with one side wider than the
other), never file it down or try to make it reversible.

Keep electrical cords out of the path of traffic. If you put cords under
carpets or rugs, wires can be damaged and might result in fire.

An electrical cord should never be wrapped around an appliance until
the appliance has cooled. Because hair care equipment is often used in
bathrooms near sinks and bathtubs, it is extremely important to be
especially careful that the appliances do not come in contact with water. If
one drops into water, do not touch it until you have pulled the wall plug.

Never put a kitchen knife or other metal object in a toaster to remove
stuck bread or bagels unless it is unplugged and cooled. Install television
and radio antennas where they cannot fall across power lines. Use caution
when operating a tree-pruning device or using a metal ladder around
power lines.

Inspect appliances regularly to make sure they operate properly. If an
appliance smells funny when in use, makes unusual sounds or the cord
feels warm to touch, repair or replace the unit. Don't repair it yourself
unless you are qualified. Keep appliances in a cool, dry place to prevent
rusting.

Electricity overload leads to bad energy saving decision.

Save electricity, save the environment
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By using electricity wisely you can reduce energy wastage. This will

reduce the quantity of energy needed to produce electricity. It will also
reduce the amount of fossil fuel used at power stations and lead to a
reduction in the production of carbon dioxide, steam, sulfur dioxide and
the volume of heated water being returned to river systems or lakes
(thermal pollution).

Save electricity on heating

Heating your home uses the most electricity. But there are a number of
ways you can avoid wasting heat:

always close doors opening to the outside

insulate walls and ceilings

close off areas being heated

block off chimneys when not in use

use time switches to provide heating only when it is needed

install pelmets, and lined curtains which reach the floor

instead of heating the entire bedroom, use an electric blanket just to
warm the bed.

Save electricity on cooling
Well-insulated houses keep warmer in winter and cooler in summer. To
cut back on the electricity used for cooling:

close off rooms and sections not being cooled

regularly service your air conditioner to make sure it is in good
condition

if using air conditioners set fans to high speed for greater efficiency
do not set thermostats on air conditioners too low

If possible leave fresh air and exhaust controls on your air
conditioner in the closed position

shade windows with awnings or curtains.

Save electricity on hot water
About 20 per cent of the electricity used in a household is used to heat
water. You can reduce the amount of hot water you use and save energy

by:

installing a water restrictor or low-flow shower
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. installing an off-peak electric hot water service

. turning hot water taps off fully and making sure they do not leak

. insulating hot water pipes for at least one metre from the storage tank

. having a short shower instead of a bath

. turning off the hot water system before going away for more than
two weeks

. filling the kettle or jug with water from the cold tap instead of the hot
tap.

Save electricity in the kitchen
Electricity can be saved with the refrigerator by:
. making sure the seals on the door fit properly
. only opening the door when necessary
. defrosting the freezer before ice builds up
. keeping the condenser coils and seals dust-free
Energy can be saved when using the dishwasher by:
. waiting until the dishwasher has a full load
. rinsing dirty plates in a sink of cold water
. using a good quality detergent
. using energy saving cycles.

Save electricity with lighting
Lighting accounts for 4 per cent of household energy use.
Try these ways to save electricity:
. turn lights off when leaving the room
. use fluorescent tubes and lights - they use a quarter of the electricity
of ordinary globes and last up to four times longer
. choose lamps which do not filter the light and position them in a
corner to reflect their light off the walls
. light the whole room only when necessary
. use light globes with lower wattage and put them in places where
they will give the best light

Measurement
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There is no absolute measure of energy, because energy is defined as
the work that one system does (or can do) on another. Thus, only of the
transition of a system from one state into another can be defined and thus
measured.

The methods for the measurement of energy often deploy methods
for the measurement of still more fundamental concepts of science, namely
mass, distance, radiation, temperature, time, electric charge and electric
current.
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A calorimeter - an instrument used by physicists to measure energy

Conventionally the technique most often employed is calorimetry, a
thermodynamic technique that relies on the measurement of temperature
using a thermometer or of intensity of radiation using a bolometer.

Throughout the history of science, energy has been expressed in
several different units such as ergs and calories. At present, the accepted
unit of measurement for energy is the SI unit of energy, the joule.

The Sun

The Sun is the most important of all heavenly bodies of
our solar system. Without the Sun there would be no light, no heat, no
energy of any Kind.

The Sun is a mass of flaming matter. The surface
temperature of the Sun is about 10,000°F , in the interior of the Sun the
temperatures are much higher, rising to 30,000,000°F. Much of the
radiation from the Sun is absorbed by the atmosphere before it reaches the
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Earth's surface.

The Sun's diameter is more than one million kilometres.
Its bulk is a million and a quarter times the bulk of our Earth. These
figures are hard to imagine. If a bullet from a gun towards the sun kept its
velocity constant, it would take seven years to reach the Sun. Still, we say
the Sun is close, measured by the scale of the stars.

The Sun

If the Earth were a small ball, 3 cm. in diameter, the Sun
would be a globe 274 cm. in diameter. The Sun turns on its axis in about
25 days. Scientists consider that life has existed on the Earth for more than
500 million years. During all this time the solar constant couldn't have
changed greatly. Both the solar distance and the Sun's rate of generation of
radiation must have varied little over this period of time.

Electric power plants

Electric power is generated at electric power plants. The main unit of
an electric power plant comprises a prime mover and the generator which
it rotates.

In order to actuate the prime mover energy is required. Many
different sources of energy are in use nowadays. To these sources belong
heat obtained by burning fuels, pressure due to the flow of air (wind), solar
heat, etc.
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According to the kind of energy used by the prime mover, power
plants are divided into groups. Thermal, hydraulic (water-power) and
wind plants form these groups. According to the kind of prime mover,
electric power plants are classed as:

a) Steam turbine plants, where steam turbines serve as prime movers.
The main generating units at steam turbine plants belong to the
modern, high-capacity class of power plants.

b) Steam engine plants, in which the prime mover is a piston-type
steam engine.

Nowadays no large generating plants of industrial importance are
constructed with such prime movers. They are used only for local
power supply.

c) Diesel-engine plants; in them diesel internal combustion engines are
installed. These plants are also of small capacity, they are employed
for local power supply.

d) Hydroelectric power plants employ water turbines as prime movers.
Therefore they are called hydroturbine plants. Their main generating
unit is the hydrogenerator.

Modern wind-electric power plants utilize various turbines; these

plants as well as the small capacity hydroelectric power plants are widely
used in agriculture.

Electrical phenomena in nature

Electricity is by no means a purely human invention, and may be
observed in several forms in nature, a prominent manifestation of which is
lighting. The Earth’s magnetic field is thought to arise from a natural
dynamo of circulating currents in the planet's core. Certain crystals, such
as quartz, or even cane sugar, generate a potential difference across their
faces when subjected to external pressure. This phenomenon is known as
piezoelectricity, from the Greek piezein, meaning to press, and was
discovered in 1880 by Pierre and Jacques Curie. The effect is reciprocal,
and when a piezoelectric material is subjected to an electric field, a small
change in physical dimensions take place.
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Some organisms, such as sharks, are able to detect and respond to
changes in electric fields, an ability known as electroreception, while
others, termed electrogenic, are able to generate voltages themselves to
serve as a predatory or defensive weapon. The order Gymnotiformes, of
which the best known example is the electric eel, detect or stun their prey
via high voltages generated from modified muscle cells called electrocytes.
All animals transmit information along their cell membranes with voltage
pulses called action potentials, whose functions include communication by
the nervous system between neurons and muscles. They are also
responsible for coordinating activities in certain plants.

The electric eel, Electrophorus electricus

Electric power

Electric power is the rate at which electrical energy is produced or
consumed, and is measured in watts (symbol: W).

A nuclear power station.
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A fossil-fuel or nuclear power station converts heat to electrical
energy, and the faster the station burns fuel, assuming constant efficiency
of conversion, the higher its power output. The output of a power station is
usually specified in megawatts (millions of watts). The electrical energy is
then sent over transmission lines to reach the consumers.

Each consumer uses appliances that convert the electrical energy to
other forms of energy, such as heat (in electric arc furnaces and electric
heaters), light (in light bulbs and fluorescent lamps), or motion, i.e. kinetic
energy (in electric motors). Like the power station, each appliance is also
rated in watts, depending on the rate at which it converts electrical energy
into another form. The power station must produce electrical energy at the
same rate as all the connected appliances consume it.

In electrical engineering, the concepts of apparent power and reactive
power are also used. Apparent power is the product of RMS voltage and
RMS current, and is measured in volt-amperes (VA). Reactive power is
measured in volt-amperes-reactive (VAR).

Non-nuclear electric power is categorized as either green or brown
electricity.

Green power is a cleaner alternative energy source in comparison to
traditional sources, and is derived from renewable energy resources that do
not produce any nuclear waste; examples include energy produced from
wind, water, solar, thermal, hydro, combustible renewables and waste.

Electricity from coal, oil and natural gas is known as traditional
power or “brown” electricity.

Electromagnets and Motors

To understand how an electric motor works, the key is to understand
how the electromagnet works.

An electromagnet is the basis of an electric motor. You can
understand how things work in the motor by imagining the following
scenario. Say that you created a simple electromagnet by wrapping 100
loops of wire around a nail and connecting it to a battery. The nail would
become a magnet and have a north and south pole while the battery is
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connected.

Now say that you take your nail electromagnet, run an axle through
the middle of it and suspend it in the middle of a horseshoe magnet as
shown in the figure below. If you were to attach a battery to the
electromagnet so that the north end of the nail appeared as shown, the
basic law of magnetism tells you what would happen: The north end of the
electromagnet would be repelled from the north end of the horseshoe
magnet and attracted to the south end of the horseshoe magnet. The south
end of the electromagnet would be repelled in a similar way. The nail
would move about half a turn and then stop in the position shown.

= NN

Electromagnet in a horseshoe magnet

You can see that this half-turn of motion is simply due to the way magnets
naturally attract and repel one another. The key to an electric motor is to
then go one step further so that, at the moment that this half-turn of motion
completes, the field of the electromagnet flips. The flip causes the
electromagnet to complete another half-turn of motion. You flip the
magnetic field just by changing the direction of the electrons flowing in
the wire (you do that by flipping the battery over). If the field of the
electromagnet were flipped at precisely the right moment at the end of
each half-turn of motion, the electric motor would spin freely.

Inside an Electric Motor
Let's start by looking at the overall plan of a simple two-pole DC

electric motor. A simple motor has six parts, as shown in the diagram
below:
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. Armature or rotor

. Commutator

. Brushes

. Axle

. Field magnet

. DC power supply of some sort
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Parts of an electric motor

An electric motor is all about magnets and magnetism: A motor uses
magnets to create motion. If you have ever played with magnets you know
about the fundamental law of all magnets: Opposites attract and likes
repel. So if you have two bar magnets with their ends marked "north™ and
"south," then the north end of one magnet will attract the south end of the
other.

On the other hand, the north end of one magnet will repel the north
end of the other (and similarly, south will repel south). Inside an electric
motor, these attracting and repelling forces create rotational motion.

In the above diagram, you can see two magnets in the motor: The
armature (or rotor) is an electromagnet, while the field magnet is a
permanent magnet (the field magnet could be an electromagnet as well, but
in most small motors it isn't in order to save power).
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Motors Everywhere!

Look around your house and you will find that it is filled with electric
motors. Here's an interesting experiment for you to try: Walk through your
house and count all the motors you find. Starting in the kitchen, there are
motors in:

The fan over the stove and in the microwave oven

The dispose-all under the sink

The blender

The can opener

The refrigerator - Two or three in fact: one for the compressor, one

for the fan inside the refrigerator, as well as one in the icemaker

The mixer

The tape player in the answering machine

Probably even the clock on the oven
In the utility room, there is an electric motor in:

The washer

The dryer

The electric screwdriver

The vacuum cleaner

The electric saw

The electric drill

The furnace blower
Even in the bathroom, there's a motor in:

The fan

The electric toothbrush

The hair dryer

The electric razor
Your car is loaded with electric motors:

Power windows (a motor in each window)

Power seats (up to seven motors per seat)

Fans for the heater and the radiator

Windshield wipers

The starter motor

Electric radio antennas
Plus, there are motors in all sorts of other places:
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Several in the VCR

Several in a CD player or tape deck

Many in a computer (each disk drive has two or three, plus there's
a fan or two)

Most toys that move have at least one motor (including Tickle-me-
Elmo for its vibrations)

Electric clocks

The garage door opener

Aqguarium pumps

APPENDIX
Glossary

A-frame a structural frame in the shape of the letter A

ac alternating current

alloy a metal formed by mixing together other metals and elements

armature the moving part of an electric motor which comprises a
piece of iron with loops of wire running round it; the current through the
wire is reversed to provide the changes in magnetic fields required to make
the motor run

bearing a device to reduce friction and wear between a rotating shaft
and a stationary part; may contain balls or rollers

biomass (bio=life) fuel produced from living organisms, e.g. plant
matter or methane

block diagram schematic drawing showing different functions in
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a system or stages in a process
brushes spring-loaded carbon blocks which carry the electric current
to the commutator of an electric motor
CAD Computer-Aided Design
CAM Computer-Aided Manufacture
CAPP Computer-Aided Process Planning
charger a device which contains a unit for converting mains power
to direct current at a suitable voltage for charging batteries
CIM Computer-Integrated Manufacturing: describes a series of
processes or activities coordinated by using a computer
circuit breaker an electrical switch fitted with an overload
protection cut out
closed loop a system where part of the output of a system is fed back
into the input to modify the output
commutator the part of the armature of an electric motor which is in
contact with the brushes; it reverses the flow of current through the
armature
compressed air air at higher than atmospheric pressure; used to
power pneumatic devices such as drills
compression the effect of forces which act to squash a structure
computer model a representation of a design created in 3D on a
computer using a CAD programme
computer-based describes a system which relies on the use of a
computer
condenser a unit where vapour is converted back into a liquid
conductor a material which will transmit electricity or heat
corrosion-resistant describes a material which can be used in
environments where long-term strength or appearance is important, e.g.
stainless steel
corrosive describes a substance which corrodes (eats or wears away),
usually by chemical action
cylinder head a plate which seals the ends of cylinders on internal
combustion engines; it contains the valves
dc direct current
derivation taking from, e.g. the derivation of fuels from landfills
die a specially shaped block of metal used as a mould for other
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materials
documentation the complete description of a product in words
and drawings at every stage in its manufacture
EDM Engineering Data Management
elastic limit the point at which a material will no longer return to its
original shape after tensile forces are released
elasticity the property of a material to stretch and then return to its
original state
emissions materials or radiation given off, e.g. air pollution emissions
engine a device which coverts fuel into work
equilibrium balance (a structure is in equilibrium when all the forces
on it are stable and there is no movement)
escalator moving stairs
evaporator a unit in which a liquid is converted into a vapour
facilities buildings and factories, e.g. electricity generating facilities
feedback a signal responding to the output of a system which is
returned to the input to modify the output
field magnet a magnet for producing and maintaining
the magnetic field in a generator or electric motor
fluctuations changes or variations, e.g. seasonal fluctuations in
heating oil use
fossil fuels fuels created at the same time as the fossils around them,
about 230 to 180 million years ago, e.g. coal, oil and natural gas, also
known as "non-renewable" fuels
friction the resistance experienced when two bodies rub against
each other
fuel cell a cell which converts the chemical energy of a fuel to
electrical energy
geothermal (geo=earth, therm=heat) heat from the earth
grinder a machine with a rotating disc of abrasive material used for
sharpening tools and removing rough edges a grinding machine operator
guard a device to safeguard the operators of moving machinery
heat exchanger the part of a boiler where the water is heated
heat-resistant describes a material which will withstand exposure to
high temperature
hydraulic describes a system using cylinders and pistons and
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driven by a fluid
hydroelectric (hydro=water) electricity from water
ignition the circuit which allows high-tension current to pass to the
sparking plugs in an internal combustion engine
insulator a substance which will not transmit electricity or heat
interface hardware and software to enable a computer to
communicate with the device to be controlled
intermittent part-time, on and off, e.g. solar and wind energy
IT Information Technology
JIT Just-In-Time Manufacturing
laser Light Amplification by Stimulated Emission of Radiation
LCD Liquid Crystal Display
load cell a load-measuring element using an electrical strain gauge as
the measuring device
manipulator the part of a robot which carries out the work
methods engineer someone concerned with establishing the best
production method and equipment for making an article
micrometer a U-shaped gauge used for precise measurement of
thicknesses; the gap between the measuring faces is adjusted
by rotating a screw thread encased in a graduated sleeve
microprocessor integrated circuit chip at the centre of a computer
for controlling the system and processing the data
mill a milling machine; uses multi-toothed cutters to shape metals
and plastics
miller a milling machine operator
MRP materials requirement planning
photovoltaic (photo=light, volt=electricity) electricity from sunlight,
e.g. photovoltaic (solar) panels
pilot light a small flame used to ignite the main burners in a gas-
fired heating boiler
pitting corrosion due to localized chemical reaction
plant the machines in a factory and all the buildings
pressure regulator a device for adjusting or maintaining pressure
levels
prototype the first working model
pulley a grooved wheel over which a rope passes
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reaction the force which opposes an applied force
recycling extracting from waste all materials that can be
reprocessed to be used again
refrigerant a substance which changes easily from a
liquid to a gas and which can be used in refrigeration to remove heat
energy and transfer it to the surroundings
remote control a device for controlling something from a distance
renewable something we can grow or collect more of, e.g. wood or
sunlight
replenish to replace or put back, e.g. replenish the water in
geothermal reservoirs
residue that which remains, leftovers, e.g. the residue from logging
operations is small bits of wood, branches and twigs, and sawdust
resultant the single outcome of a number of different vectors
revolve turn, rotate
robotics the study or production of machines which perform
tasks in a manner similar to humans
rotor rotating part of a generator
sensing device a device which monitors the operating environment
and is sensitive to
signal generator electronic device which produces various signals
used in tests and measurements
solenoid a coil with an iron core which is pulled into the coil by a
current passing through the coil
solenoid valve a valve operated by a solenoid
spanner a tool, or level, for applying force to nuts and bolts
spring balance a measuring device in which the force applied is
calculated by the extension of a spring
stator stationary part of a generator
switchgear switches and associated equipment for controlling large
electrical currents
systems analyst someone responsible for examining a problem to
see whether it is suitable for a computer application
tension the effect of a pulling force which tends to stretch a body
thermoplastic a plastic which softens when heated and hardens when
cooled
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thermosetting plastic a plastic which retains its shape and rigidity at
high temperatures
thermostat a control device which operates at a pre-set temperature
tooling all manufacturing equipment required for the manufacture of
a product
toxic poisonous
transformer a device for stepping up or down the voltage of an
alternating current
turbine a machine which produces power when steam, gas, or what
IS passed over the blades attached to the rotating drive output shaft
turbulence violent or uneven movement of air
undercarriage the supporting framework of a vehicle comprising
wheels, axles, suspension, etc.
vapour a gas that can be liquefied by increasing its pressure
viable practical or able to be done, e.g. solar power is viable for most
desert regions
wave power a method of generating electricity by using the
movement of waves in water

Vocabulary

Air-gap Bo3aymiHbIN 3a30p, HCKPOBOU MPOMEKYTOK

alignment ycranoBka mo ogHO#N IpsMO¥

alternator ampTepraTop, reHepaTop

analog computer BEMHUCIUTETHLHOE YCTPOMCTBO HEMPEPHIBHOTO
JNEUCTBUSA

apart Ha paccrossHuu

apart from kpome

applied voltage nmpunoxxeHHOE HAPSIKCHIE

auxiliaries BcoMmorarenpHBIC YCTPOWCTBA, 00OPYyI0BaHUE COOCTBEHHBIX
HYX]I (CTaHLIM)

Bar magnet noysiocoBoii Maraur
base mokoip (J1amrib)
battery charge 3apsianbrii arperat
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base line oceas nuHMS

beam power tube momiHEI TydeBOl TETPOT

blading nonatka (TypOuHb)

boiling heat remneparypa kunenus

branch orserBnenne, paza (MHOrO(pa3HOM 11ETH)

branching-chain reaction pa3BeTBieHHas LIEeMTHAS PEAKIIHS

break down npo6uBaTth, pa3psiBaTh, pa3pyiiaTh

build up HapammBaTh TOK, BO30YXIaTh, -CsI, pa3BUBaTh HAPSOKCHHUE,
CO3/1aBaTh

bulb xom6a (;1amma), rpymia, JJamira HakaJIMBaHUs, IIAPUK (TEPMOMETPA)
button xxomnka; meTis; muIIeyKa

Carbon dioxide yriekuciora, yrieKHCITbIA ra3

carry a current nmpoBoauTh TOK

charger ycrpolicTBo 1ist 3apsIKu KOHACHCATOPOB

coating oOkyaaka

coherent KorepeHTHBIN; CBS3aHHBIH

collapse BeirnbaTh, ocenars, ciaiath, -csi, 0CIa0EBaTh; CTAl; CTATHBATHCS
compound engine mammHa JBOWHOTO JACUCTBHS (pacIIUpeHus)
compound (wound) generator reaepaTop co CMEIITaHHBIM
BO30YKJICHUEM, KOMIAYyHI-TEHEPATOP

constant current Tok ¢ TOCTOIHHOW BEIUYUHOMN

constant-current transformer tpaachopMaTop MOCTOSHHOW CHIIBI TOKA
control spring ycranaBnuBaromias mpyxuHa

covalent band atomHuas cBsi3b, TOMEOTIONSPHAS CBSI3b

crankshaft xomenuarsrit Ban, KpuBOIIUT

current transformer tpancdopmaTop Toka

cut down yMeHBIINUTh, COKPATUTh, CHU3UTh OTPE30K, yUACTOK; IIOPOTOBHIH
UMITYJTBC

cut off rpanuna, orceuka, mapooTCeKaTENbHBIA KIIAIIaH, BHIKJIFOYATEITh
(TOK)

cycle mepuon

cycle per second repit

Dewater o0e3B0HBaTh, OTKAUYNBATh BOLY
dipole mumons (cuctema, oOpa3zoBaHHAS IBYMsI paCIIOIOKEHHBIMH HA
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HEKOTOPOM PacCTOSHUU APYT OT APYra PaBHOIMPOTHUBOIOI0KHBIMH
AIEKTPUYECKUMU 3apsiJIaMH )

docking cTeikoBKa

double-acting nBoliHoe aelicTBHE

driven npuBoIMMEBIN B ABUKCHUE, ITUTACMBII

dry steam cyxoit map

Effective current aciicTByromiee 3HaueHHE TOKA, 3()(PEKTUBHOE 3HAUCHUE
TOKa

effective resistance neiicTByrolee CONMPOTHBIICHHUE

end to end koHeI K KOHITY; HENPEPHIBHOH IIETIHIO

energy range o0iacTh SHEPTHI

exert okaspiBaTh (BO3JICUCTBUE), pa3BUBATh (O CUJIC, YCUIIUH)

exhaust BerxJio1r; oTpadboTaTh

exhaust steam oTpaboTaHHBIHN, MSTHII TTap

expansion stroke pabouwuii xox Mpu pacIIuPEHUH

Fall off cmamate

field coil karymka oOMOTKH BO3OYKI€HUS, KATyIITKA AIEKTPOMAarH1Ta,
WHIYKTOpHAs KaTyIIKa

field magnet uaaykTOp, CCTEMa AIEKTPOMATHUTOB BO30YKICHUS
field winding o6MoTka Bo30ykIeHus

fission pacmierienue

flatten out BeIMpSMIIATE, -CS1, BRIpABHUBATh, -CSI

flow around o6tekartp

fluid >xunxast wim razoo0pasHas cpena

fractional horse-power mouHOCTs, MEHEe OHOM JIOIIAAUHON CHIIBI
fragmentation pacmerieHue, pasaeiacHue, pa3phiB

fuel cell ronnmBHEBIM 21eMeHT

full-line current oOuuii (moNHKINM) TOK

full wave nByxmomynepuoHbIN

Geodetic reonesnueckuii
give off uznmyuats, BEIICIATH, HCITYCKATh
give out (light) m3myuats
give Up ycTymarb, OTAaBaTh, OTKA3aThCS
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go into commission BCTynuTh B IEHCTBUE

go into operation HayaTh ACHCTBOBATH

grid system exuHas 3HEpreTUYECKas cCucTeMa

grid voltage supply nomaya HanpspkeHUS Ha CETKY

Half cycle nonymepron

half-life (period) (mepuon) momypacmasa, OJyBbIBEACHHS
heat content rermocoaepsxanue

heat drop nepeman teria

heating coil HarpeBarenpHas cimpab, KaTyIIKa

heating element narpeBarenpHbBIN TIPUOOP, HATPEBATETHHBINA YTTEMEHT
heat of fusion temora rtaBneHMs

heavy current crIbHBIM TOK

heel HKHSISA YacTh

high current cubHBIH TOK

hold umeTs cuity, OBITE CITpaBeNTUBHIM

hollow core nomnbii ceprearnk

house service meter obmuii CueTYHK B TOME HIIA KBApTUPE

Impressed npusoskeHHBIH (HAMp., O HATPSHKESHUH )

IN line Ha oHOM IMHUYK

IN Series mocieaoBaTeIbHO (BKJIIOYCHHBIN), B PACCEUKY

In shunt mapamenpHO (BKIFOYCHHBIN)

In step B ¢aze, CHHXPOHHO

IN SUSPeNsion BO B3BEIIICHHOM COCTOSTHUH

incident magaroruii, GoMOap IUPyOMIHA

inductive reactance uHIYKTUBHOE COITPOTHBIICHUE

inlet pressure napneHue Ha BXOJIE

INput moTpebiiseMast MOIIHOCTh, IMTOJABOAUMBINA TOK, BXOJAIIME KOHIIBI;
BBOJI

intake BomONPHUEMHUK, ITOABOJI, TOJIOBHOE COOPYXXCHHE BOJOBOA
Intrinsic, -al BayTperHMii, COOCTBEHHBIH

intrinsic radiance crmocoOHOCTh K H3ITYYCHHIO

ISOtropiC U30TPOITHBIN, U30TPOMTUIECKHIA

LLaminated ciaoucTsIi, naacTHHYATHINA
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laminated core nmcToBo# (MIMXTOBAHHBIN) CEPICTHUK

laser ontnyeckuit KBaHTOBBIN T€HEPATOP, KBAHTOBBIN YCHUIIUTENh, JIa3ep
latent heat ckprrTas Temiora

lead-in BBOJI, BBOJHBIN ITPOBO/T

leading-in wires BBogHbIC (B 31aHKE TTPOBO/IA)

lead-out BeiBOXI

line voltage nuneliHOE HanMpsKEHIE

live steam octpsrii map, cBexuit map

low current cnaOslii TOk

Magneto-hydro-dynamic generator  MarHUTOTHAPOAMHAMUYCCKUI
reHepaTop
main circuit MmarucTpaib

Mains MarucTpaiib, pacipeaeIuTeIbHbIe IPOBOA
magnetic lines of force MmaruuTHEBIC CHIOBBIC IMHHUU
mercury arc rectifier pTyTHbIl BRIIPIMHATEIH
Micron MuUKpoH

moderator 3ameuTens

mounting cxeMa BKJIIOUEHHs, YCTAaHOBKA, YacTh IpHrOOpa I MOHTa)Ka
moving blade paGouas nonatka (TypOUHBI)

Naked eye HeBoOpYKCHHBIH TJ1a3

negligible mpereOpekUMBIN, HUYTOKHO MaJTbIi
network cxema, ceTb, MHOT'OIIOJIFOCHHK

next-door Onm3iexxaruil, OIrKanIIni

no-load xomocroit xo

Offer resistance oka3bIBaTh COMPOTUBIICHHE

offset cnBur, caBUTaTh; CMEITICHNE, CMENIATh; COMBATH B CTOPOHY
on end croiimsi, GecTipepbIBHO, TOPST

outer space KOCMUYECKOE IPOCTPAHCTBO

out of commission B HencmpaBHOCTH

out of phase ne B dase, HecoBmagaromnuii o dase

output ormaBaeMas MONIHOCTb, IOJIE3HAA MOIIHOCTD,
ITPOU3BOAUTEIBHOCTbD, BBIXO/T

Pass npomyckaTh, IpOIyCTUTh
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path KoHTYp, ITyTh, JIMHUS, LICTIb, TIepeIaya

per second per second B cekyHIy B KBajipaTe

photon kBaHT 3HEpTHH

pick up mpuHUMATE, BOCTIPUHUMATH

pile cTono, 3meMeHT; SIAePHBIA PEaKToP

plate anox, mIacTUHKA, METAJITMYCCKUM JIUCT

plate supply nmuranue aHom0B

point-contact transistor ToueuHbIN TPAH3UCTOP

POWer MOIIHOCTb, PHEPTHS, CHIIa; SHEPTeTHKA, CTCIICHb
power circuit cuiioBas 1emb, Ieb TOKa

power engineering sHepreTuka

power factor ko durueHT MoTHOCTH

power grid (eguHas) sHepreTHUecKas CUcTeMa

power output BeixogHass MOIITHOCTh

power-plant cuioBas ycTaHOBKa, CHIOBAsi CTAHITUS, JICKTPOCTAHITUS
pressure pipe HaIoOpHBINA TPYOOIIPOBOI

primary nmepBuuHas 0OMOTKa (TpaHchopmMaropa)

Pro Brepeau, mpexc

push back oka3siBaTh 00paTHOE JaBJICHUE

push button HaxxumHas kHOIKa

put a charge npuknaapBaTh 3apsia, COOOIUTE 3apsi
put into operation BBecTH B JIeliCTBHE, BBECTH B KCILIYaTaIIUIO

Range psia, nmpenen, mpoTskeHUe, MPOCTPAHCTBO, IUAIIa30H, 00IACTh,
y4acTOK, palyC IEUCTBUS, LIKAJIA

range of temperature TemneparypHas 1mkana

rate of flow morHOCTE MOTOKA, CHIa TOKA

rate of speeding up mapactanue CKOPOCTH, TEMIT YCKOPEHUS
rather, than ckopee dem; a He

ratio of expansion crenens pacmmupeHus

read orcunThIBaTH, MOKA3bIBATh (O IPHOOPE)

reference point koHTpoJIbHAS TOYKA

resistance factor xosdpduIMEHT OMHYECKOrO COIPOTHUBIICHHUS
resistance wire mpoBoJioka BEICOKOTO COITPOTUBIICHHS; PEOCTATHBIN
IPOBOJI

resistivity ynenpHOe COPOTHUBIICHHE, COMPOTUBIIIEMOCTh
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resultant (force) paBnoxeticTByromas (cuia)
retarding force cuma Topmoskenust
run full paborars ¢ momHoI Harpy3Koi

secondary BropuuHast 0OMOTKa (TpaHchopMarTopa)

send (a current) mponycTUTh, MPOMYCKaTh (TOK)

sensible heat Terutoconepxanue, Gpusnyeckas TerIoTa

series (wound) generator reHepaTop C MOCJICIOBATEILHBIM BO30YXKIC-
HUEM

set Up TOSIBIATHCS, BO3HUKATh, HABOJUTH, YCTAHABIIMBATH; YCTPOMUCTBO,
KOMITJICKC

shaped npodunbHBIN, hacOHHBIHN, PUTYPHBIIA

«shielding sxpanupoBanue

shunt (wound)generator reHepaTop C HapajuICIbHBIM BO30YXXICHUEM
signal curuai; BeIIAOIIMICS, 3HAMCHATCIIbHBIH

slip ring KOHTaKTHOE KOJIBIIO, TOKOCOOMPATEIHLHOE KOJIBIIO

slow down cHmkaTh CKOPOCTH

soft Iron koBkoe XkeJe30, MATKOE KEJE30

soft steel mamoyriieponucras cranb, MATKast CTajb

source of power nCTOYHHMK SHEPTETHUECKUX PECYPCOB

southbound HanpassromMiics Ha or

speck yactuuka

specific heat ynenpHas TEmI0eMKOCTh

stage cryneHb, Kacka, (paza

steady ycranoBuBIIHUICS (TOK, ITOTOK)

steel-cored aluminium cable (wire) cranecamoMUHUEBBII TIPOBOA
step down mouwmkath HanpsHKeHUe (TpaHCHOPMATOPOM)

step up noBbIIaTh HANpsKEHHUE (TpaHC(HOPMATOPOM)

stockpile 3amacel, mTadensb

stopping distance myTh TOpMOKECHHSI

stream-line nwHWS MOTOKA, MapaIENBHO-CTPYWHBIN, JTaAMUHAPHBIN;
00TEeKaeMBblIii

strength nmanpspkenue, cuia

sulphur dioxide nByokuch cepbl, CEpHUCTBIN Ta3

surface tension moBepXHOCTHOE HATSHKEHUE
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Terminal voltage nanpspxkenmne Ha 3aKuMax
therm tepm (emuHuIIa TEIIOTHI), KAJIOPHS
thermionic emission TepmMosnekTpoHHAS SMUCCHS
throat 1eIMOBOM BBIXO

thrust Ton4uoxk, naBienue, HamOpP, HAXKUM, YIIOP
top of the diagram BepmHa aUarpaMMel

torque Bpamarommuii MOMEHT, ITyCKOBOW MOMEHT
tracer (atom) meucHbIN aTOM

tractive force cuna tsiru, TATOBOE YCHIIHE
transistor momynmpoBOTHUKOBEIN TPUO/T
transmission shaft san konTprpuBona, MepeaaToUHbIN Ba,
MIPOMEKYTOUYHBIN BaJjl

transient BpeMeHHBIH, epeX0IHbIH, TOABUKHOMI
turn out BeiryckaTh

U-magnet U-oOpa3Hblii MarHut

unidirectional ogHoro HampaBcHUS, padOTAIOIIMIA B OJTHOM
HaIpPaBJICHUH, HAIIPABJICHHBIN B OJJHY CTOPOHY

unified power grid eguHas 3HEpreTUYECKas cucTeMa

unit of current equHUIA CHUITBI TOKA

unit resistance eaquHUIIA COMPOTHBIICHHMS

unit volume enunanma o0bemMa, 00beM, paBHBIN CIHMHHIIC

Vacuum tube snexTponHas 1amma

variable speed ckopocTs HepaBHOMEPHOTO ABMKEHUS, TIEpEMEHHAs
CKOpPOCTh

velocity BekTop CKOpOCTH, BEKTOPHASI CKOPOCTh

velocity heat ckopocTHO# Hamop

velocity pressure CKOpOCTHOH Harop, JUHAMUYECKOC JIaBJICHHUC
velocity staging cryneH4aroe M3MEHEHHE CKOPOCTH

Water-fall, or waterfall Bogonan, nepenan ypoBas
wet steam BiiaXkHbIN Hap
wiring npoBojka

X-ray peHTreHOBCKUH JIyd
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CnpaBoyHUK
YTEHUSI MATEMATUYECKUX CUMBOJIOB U IPYTUX YCIOBHBIX
0003HAYEHMI, a TAK)Ke HanboJiee yoTpeOUTENbHBIX COKPAIICHUI
B QHIIMACKUX TEXHUYECKUX TEKCTaX

1. Ipooubie uncautenabubie (Fractional Numerals)

IIpocteie Apoou (Common Fractions)

Yucnurenb BbIpa)kaeTcst KOJINYECTBEHHBIM YUCIIUTENBLHBIM
(manmpumep, two, four, twenty-five u 1. 11.), a 3HaMeHaTe b — MOPSAKOBBIM
yuciIuTeabHbIM (Hampumep, second, fourth, twenty-fifth u 1. 1.). Ecim
YHCIIUTENb OOJIBIIC E€IUHUIBI, TO 3HAMEHATEIbh NMPUHUMACT OKOHYAHHE
MHOXECTBEHHOT'O YHCJIa S.
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1/2

1/3
1/4

1/5

1/10
1/25

1/100

1/1000
1/1374

213

a half; one half

a third; one third

1) aquarter; one quarter
2) a fourth; one fourth

a fifth; one fifth

a tenth: one tenth
a (one) twenty-fifth

a (one) hundredth

a (one) thousandth

a (one) thousand three
hundred and seventy-

fourth
two-thirds

3/4

5/16

9/10
26/38

79/100

1) three-fourths

2) three quarters
five-sixteenths
nine-tenths

twenty-six thirty-eighths
seventy-nine hundredths

125/1000 a (one) hundred and

1/2
21
3Y,

twenty-five thousandths
one half (a half)
two and a half
three and a third

135%, a (one) hundred and

thirty-five and three fourths (three
quarters)

HecsaTuunbie apodou (Decimal Fractions)

B nmecsaTudHBIX ApOOSX II€I0€ YUCIO OTACNACTCS OT JIpOoOM TOYKOM,
HaszpiBaeMor point. Kaxxnmas mudpa umraercs oraenbHo. Hoib ynTaercs
JTHO0BIM M3 TPEX CICAYIOIIMX cIoco0oB: Zero, nought, o [ou]. Homb memsix
MOXKET COBCEM HE uuTaThCs. B AHrIMu m AMepuKe 3HAKH JECCSITHUHBIX
apoOel OTACISIFOT TOYKOM, KOTOpasi MOYKET CTOSITh BHU3Y, B CEPEAMHE WU
BBEPXY CTPOYKH.

0.2

1) o [ou] point two
2) nought point two
3) zero point two
4) point two




196

1) o [ou] point o [ou] two
2) nought point nought two

0.02 3) zero point zero two
4) point nought two
5) point zero two
1) o [ou] point o [ou] o [ou] two
0.002 2) ought point nought nought two
3) zero point zero zero two
1) nought point seventy-five
0.75 : :
2) point seven five
1.1 one point one
1.25 one point two five
1) sixty-three point five seven
63.57 : S
2) six three point five seven
1) twelve point seven nought seven
12.707 2) one two point seven nought seven

a#b
a=b

2. OTaeJbHBIC 3HAKH, BHIPAKEHUS U YPABHECHUA

+ plus

- minus

+ plus or minus
. sign of division; colon
= sign of equality

1) aequalsb

2)aisequaltob

3)aish

ais not equal to b; aisnotb
a approximately equals b




197

ath a plus or minus b

a>b ais greater than b

a<b aislessthanb

Ix1=1 once one is one

2X2 =4 twice two is four

5x5 =25 five times five (is, equals, is equal to, makes/make) twenty-
five

s=v xt 1)sequals (is equal to) v multiplied by t
2) s equals v times t

1:2 the ratio of one to two

77:1 the ratioof 77 to 1

16:4 =4 1) 16 divided by 4 equals 4
2) 16 divided by 4 is 4
3)theratioof 16to4is4

20:5=16:4 1) the ratio of 20 to 5 equals the ratio of 16 to 4
2)20isto5as16isto4

3. IlpoueHTHI

% - per cent
p. c. - per cent
pct (amep.) - per cent
52 % - fifty-two per cent
37 % 1) three sevenths per cent
2) three sevenths of one per cent
1/2 % 1) a half per cent

2) a half of one per cent
0.25% 1) point two five per cent
2) nought point two five per cent
3) zero point two five of one per cent

4. UIMeHOBAHHBbIEC YHCJIA
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2/3 ton two thirds of a ton

1/2 ton half a ton
3/4 km three quarters of a kilometer
. 75 km point seven five of a kilometer

1.75 kms one point seven five kilometers

13 Ib.; 13 Ibs thirteen pounds

1 1/2 hrs; 1) one and a half hours

1 1/2 hr 2) one (an) hour and a half
60 mi/hr sixty miles per hour

200 km/4 hr 200 kilometers per 4 hours

6 ft/sec 6 feet per second

1 ft/sec 1 foot per second

75 cu.yd./hr. 75 cubic yards per hour

32 h.p,; 32 horse power

31 m.p.h. 31 miles per hour

45° forty-five degrees

12' 1) 12 minutes 2) 12 feet

10" 1) 10 seconds 2) 10 inches

68.4° F. sixty-eight point four degrees Fahrenheit
20° C twenty degrees Centigrade

5. Coxpamenust

A absolute (temperature)

a-f audio-frequency

a.c, A. C. alternating current

BTU, B.T.U.or Btu British Thermal Unit

cal. calorie

C.G.S,, c.g.s., cge centimeter-gram-second

cp, C.p. candle power

c/s cycles per second

Ccu. cubic

cwt hundredweight; B8 Aurmuu rieataep paser 50,8 kT. B

Amepuke — 45,36 Kr.
db decibel (equaMIIa aKycTHYECKOTO U3MEPEHUS)



kvAh

1.t
m.c.
m.p.h.
MeV
M.K.S.
MVA
mil

n. h. p.
o.r.
per cu.ft

p.s.f.
r.p.m.
r-f
sp.ht.
sq.
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direct current
electro-magnetic unit
electro-motive force
electron volt
horse power
hour
intermediate frequency
kilo-calorie
kilocycle
kilogram per square centimeter
kilo-watt-ampere
kilo-watt-hour
kilo-volt ampere hour
kilo-volt
load factor xoadduinment wnarpysku; 2) low
frequency au3kas yactora
low tension Hu3koe HampsKCHHE
megacycle merarepir
miles per hour
mega-electron-volt
metre kilogram second
mega volt ampere
MUJIb (SIUHUIA JUTHHBI, PaBHA OJTHOM THICSIYHOU Jr0HMa
neutron
nominal horse power HomuHaIbHAS JOMIAAMHAS CHIIA
overload relay pene meperpysku
per cubic foot
power factor ko3¢ GuIreHT MOIITHOCTH
per square foot
revolutions per minute
radio frequency
specific heat
square
yard
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