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IMpeauciioBue

Hacrosiee mocoOue mpeaHazHayeHO AJiA 3aHSATUNH CO CTYJIEHTaMH
NEpPBbIX M BTOPBIX KypcoB (Qusnueckoro (akynprera KazaHckoro
(ITpuBomxCckoro) (eaepaibHOTO YHUBEPCUTETA, MO  CHEHUATBHOCTH
«Duzuka — 03.03.02». Ilocobue pazpaboTaHO C y4YETOM TpPEOOBAHUI
roCyJapCTBEHHOTO CTaHJapTa BBICIIETO MPO(EeCcCHOHATLHOIO 00pa3oBaHuUs
U MpEeIHA3HAYCHO JIs CTYJIEHTOB, MPOJOJDKAIOIINX U3YYEHUE aHTJIMICKOTO
s3bIKa Ha 0a3e mporpamMMbl CpeTHEN IITKOJIBI.

Lenpro HACTOSAIIEr0 MOCOOUS SABISIETCS YriyOJIEHWE U pacllupeHue
CJIOBApHOTO 3amaca, MPUOOpPETeHHE YYaIIMMHUCS HAaBBIKOB MPABUIBHOIO
NOHUMAHUA W T[EpeBOJla  OPUTHHAIBHOTO  TeKcTa  (Hay4dHOM
HEaJanTUPOBAHHOM JIUTEpPATYyphl) MO CIIEUUATBHOCTH.

YyebHOoe 1MOCOOME COCTOMT U3 YEThIpEX OCHOBHBIX pa3/elioB
(pa3iesieHHbIX Ha HECKOJIbKO TMOAPA3/ACNIOB), a TaKkXe MPUII0KEHU,
BKJIIOYAIOIIMX B ce0sf1 Habop @pa3 U yCTOWYMBBIX BBIPAXKECHHUI,
IPUMEHSIEMbIX npu pedeprpoBaHuU HAyYHBIX cTaTei,
HMCTOYHUKOBETIECKON Oa3bl.

B  yuebHoe mocoOue  BKJIIOYEHBl  OPUTMHAIBHBIE  TEKCTHI,
OINyOJIMKOBaHHBIE B 3apyOeKHBIX HAYUYHBIX H3JAHUSIX, COKpAICHHBIE I10
Mepe HeoOxoammoctu. Ilpu orbOope crareid  y4uUThIBATACh  MX
NO3HABaTelbHAsl LEHHOCTb. TEKCThl CHAOXKEHbl YHOPAKHEHUSAMU IIO
U3YYECHUIO U 3aKPEIUICHUIO JIEKCUKH.

Bce ypoku mo CTpyKType WIEHTHYHBI, JaHbl SCHbIE (POPMYIUPOBKHU
3aJaHUM, YTO MO3BOJISIET JOCTUYDh UCKOMOM LIEIIH.
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UNIT 1. GENERAL PHYSICS

Text 1. Forces and motion

«Measure what is measurable
and make measurable what is not so»
Galileo

PRE-READING

Before reading the passage, answer all the following questions and discuss
them with your partner. Then read the passage and find the facts supporting
your ideas.

1. What do you know about motion?

2. Is the motion of a ghost an example of motion?

3. Can something stop moving? How would you show it?

4. Does a body moving forever in a straight line show that nature or

space is infinite?
5. Can the universe move?

Active vocabulary

Word Pronunciation Translation

attract, v. /o' trekt/ IPUBJIEKATh, IPUTITUBATH, SyN.
pull

average, adj. | /'avoridz/ cpenuuit, syn. medium

blade, n. /blerd/ JI€3BHE, KIUHOK

brake, n. /breik/ TOPMO3

bump, v. /bamp/ CTOJIKHYThCS, BpE3aThCsl, Syn.
collide

dashboard, n. |/'dafbo:d/ puOOpHAs JOCKa, MPUOOPHBIIA
IIMTOK, IIIUTOK yIPaBICHHUS

direction, n. /d1'rekfon/ HaTpaBJiCHUE

drop, v. /drop/ POHSITH

float, v. /flavt/ JIePXKATHCS HAa IOBEPXHOCTH
BO/JIbI, IIJIaBaTh

force, n. /fa:s/ CHJIa, MOILb

friction, n. /' frikfon/ TpeHUue

govern, V. /" gAavan/ YVIPaBJISTh, IPABUTh,




perymupoBaTh, syn. rule

gravity, n. /'gravati/ CHUJIa TSKECTU, TATOTEHHUE, Syn.
gravitation, pull

inertia, n. /1'n3:fo/ UHEepLHUs

invisible, adj. | /m'vizabl/ HEBHUJIUMBIH, He3aMETHBIN

iron, n/adj. /aron/ YKEIIE30, JKEIE3HBIN

law, n. o/ 3aKOH

lump, n. /Iamp/ Oyrop, BBICTYII

marble, n/adj. |/'ma:bl/ MpaMop, MPaMOPHBIi

mass, n. /mées/ macca

molecule, n. | /'molikju:l/ MOJIEKyJIa

motion, n. /'maufan/ JIBUKEHHE, X0/, Syn. movement

naked, adj. /'neikid/ 0OHa)KEHHBIH, TOJIBIH, syn. bare

obstacle, n. /" pbstakl/ IPENATCTBUE, Iperpaaa, syn.
hindrance, obstruction

orbit, n. /"a:brt/ opbuta

paw, n. /pa:/ jamna

pole, n. /pavl/ TIOJTFOC

pull, v. /pol/ IPUTATUBATH(CS)

push, v. /puf/ OTTaJKUBATH(CH)

resistance, n. | /r1'zistons/ COIIPOTHUBJICHUE

rink, n. /rik/ KaTOK

roll, v. /raul/ KaTUTh(Cs1), OTKATHIBATH(CH),
CKaThIBaTh(Cs)

rub, v. /tAb/ TepEeTh, BTUPATh, HATUPATh

rug, n. /tag/ KOBPHK, KOBEP

seatbelt, n. /si:t belt/ peMeHb 0e301acHOCTH

shaggy, adj. /' feeg.i/ IIEPOXOBATHIN

slide, v. /slard/ CKOJIB3UTh, IBUTATHCS IUIABHO

smooth, adj. /smu: 0/ rIIaJKHHA, POBHBIN, Syn. even

speed, n. /spi:d/ CKOPOCThH (CKaIApHas)

spin, v. /spin/ KPYTHUTB(Cs1), BEpTETH(Cs)




surface, n. /"s3:11s/ IIOBEPXHOCTh

terminal, adj. | /'t3:minal/ KOHEYHBIN

tide, n. /tard/ MOPCKO TIPUJIMB U OTJIHB

universe, n. /' junivs:s/ BCEJICHHAS

velocity, n. /v1'losati/ CKOpOCTH (BEKTOPHAas)

weight, n. /wert/ BEC

windshield, n. | /'wind/i:1d/ BETPOBOEC CTEKIIO, IIEPEIHEE
CTEKJIO

READING

Read and translate the text using a dictionary if necessary:

Motion is the most fundamental observation in nature. Everyday
motion is predictable and deterministic. Predictability is reflected in six
aspects of motion: continuity, conservation, reversibility, mirror-invariance,
relativity and minimization. Some of these aspects are valid for all motion,
and some are valid only for everyday motion.

The world and the Universe are action-packed. People and animals are
always on the move. The planets are constantly circling the Sun. Are there
any rules to all this activity? Our world and the whole Universe are
governed by the laws of nature. Scientists who try to understand and learn
about these laws are called physicists. Here are some questions that
physicists across history have wondered about: When you drop a ball, why
does it fall on the ground? Why does not it float up? If you spin a top, why
does not it spin forever? Why does it eventually stop? Maybe you have
wondered about these things, too.

To answer those questions, physicists needed to discover the laws of
motion. What is motion? Motion is movement in any direction. You can
move up, down, forwards, backwards, and sideways. You can move in
circles. You can wiggle, wave, twist, turn, roll, flip, sway, bend, pivot,
shake, and spin.

A force is a push or a pull. Here is a simple example: A cat hits a ball
with its paw and makes the ball roll across the floor. The cat uses force to
make the ball move. When you kick a ball or pull open a door, you are also
using force. The more force you use, the faster the object will move.

Speed measures how far an object moves in a certain amount of time.
However, things do not always move at the same speed. Forces can cause




moving objects to speed up or slow down. «Average speed» equals
«distance divided by time».

So why do things in motion slow down and a stop after a while? The
answer is «friction». Friction is another kind of force. Friction is two things
rubbing or sliding against each other. Skis on snow. A car on a road. A ball
rolling across a carpet. Friction is a force that slows down moving objects.
If you roll a ball across a shaggy rug, you can see that there are lumps and
bumps in the rug that make the ball slow down. The rubbing, or friction,
between the ball and the rug is what makes the ball stop rolling. But what
would happen if you rolled the ball across a very smooth surface and there
was no wall or obstacle in the way? Would the ball keep rolling forever?
Unfortunately, no. There is no such thing as a «frictionless surface». There
Is friction between all objects and materials when they are touching.

To the naked eye, an object or surface may look perfectly smooth. If
you looked at it under a microscope, you could see the tiny lumps and
bumps that create friction when any two objects slide against each other.
There is even friction when an object moves through the air. The less
friction there is, the longer objects in motion can keep moving. For
example, if you pushed off and tried to slide across the sidewalk in
sneakers, you would not get very far. There is too much friction between the
rubber soles of your sneakers and the rough concrete sidewalk. However, if
you wore ice skates and used the same amount of force to push off and slide
across an ice rink, you would glide for a long way. There is not much
friction between the thin metal blade of an ice skate and the slick ice of the
rink.

Some forces are invisible and can make objects move without touching
them. You have probably played around with magnets before and know that
magnets have an invisible pull—a force that can attract iron and steel
objects. A magnet has a «north pole» and a «south pole». If you take two
magnets, the north pole of one magnet and the south pole of the other will
pull toward each other. If you try to join the north poles of the two magnets,
however, the magnets will push each other away. The same is true if you try
to put the two south poles together—the magnets will repel each other.

Magnets may seem mysterious because they can pull on other objects
and make them move without touching them. It would be wise to mention
that there is another invisible force that you interact with every second of
every day and you probably take it for granted. That force is gravity.
Gravity is the invisible force that holds us to the surface of the Earth.
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Earth’s gravity pulls objects toward the center of the Earth. So when you
drop a book, it falls to the ground instead of floating away. When you jump
up, gravity pulls you back down.

Every object actually has gravity, whether it is the Earth, the Sun, a
person, or just a marble. The more «mass» an object has, the stronger its
force of gravity. Mass just means how much «stuff» is in an object. Some
materials are packed with more stuff than others. For example, steel has
more stuff in it than Styrofoam. If two balls are the same size, and one is
made of foam and one is made of steel, the steel ball will have greater mass.

The Earth and moon both have gravity that is strong enough to pull
them toward each other. Although the moon’s gravity is not as strong as
Earth’s, it pulls on the water in our oceans and creates the tides. So, if the
Earth and moon are pulled toward each other, why don’t they crash into
each other? The moon is held in orbit by the force of Earth’s gravity. The
speed of the moon’s orbit is what prevents the moon from falling down to
Earth. If the moon went slower, it would fall to Earth. If it went faster, it
would escape the Earth’s gravity and fly off into space.

Isaac Newton was a famous scientist who was interested in all sorts of
things, from gravity and the orbits of planets to the rules about how objects
move. One of his most important discoveries is called Newton’s First Law
of Motion. Using experiment and observation, Newton showed that objects
have a tendency to keep doing what they are doing. Objects that are still,
stay still. Objects that are moving, keep moving. A still object stays still and
a moving object keeps moving in the same straight line, unless a force
pushes or pulls it. Whether they are moving of not moving, objects resist
changing their «state of motion». This is called inertia.

Inertia is the reason seatbelts are important. If you are in a fast-moving
car and the driver slams on the brakes, the car will stop, but you will keep
moving forward. The seatbelt stops you, so you do not hit the dashboard or
windshield.

Mass vs. weight. The mass of an object stays the same no matter where
you are in the Universe. That is because the amount of stuff in the object
does not change. Weight is actually the pull of gravity on an object. You
feel your weight because the ground is pushing against the pull of gravity.
So the weight of an object can change depending on where it is in the
Universe. An object that weighs 60 pounds on Earth would weigh only
about 10 pounds on the moon because the force of gravity on the moon is
only one-sixth as strong as it is on Earth. Although your mass would stay
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the same, you would feel much lighter on the moon or you would if you did
not have to wear that heavy spacesuit.

Air resistance is a kind of friction. Molecules in the air push up against
falling bodies while gravity down. The force of air resistance pulls them
opposes the force of gravity. The friction created by air resistance is not
strong enough to stop falling objects, but it can stop them from speeding up.
Thanks to air resistance, falling objects reach a top speed, also called
«terminal velocity», that is based on their size and mass.

The concepts of force, motion, gravity, mass, and inertia and more
govern the world and our Universe. They are complex ideas but once you

understand them, you will see everything a little more clearly.
(Adopted from www.kidsdiscover.com)

A. Checking your understanding

I. Read the passage carefully and find answers to the following questions.
1. What questions have the physicists wondered about?
2. What is motion?
3. What is force?
4. What is average speed?
5. What can make objects move without touching them?
6. What governs the Universe?

I1. There are several definitions in the text. What are they? Complete the
sentences.
1. ...1is apush ora pull.
2. ...1s a force that slows down moving objects.
3. ... 1s the invisible force that holds us to the surface of the Earth.
4. ... is the reason seatbelts are important.
5. ... 1sakind of friction.

I11. Are these statements true or false?
1) People and animals are always on the move.
2) Scientists who try to understand and learn about these laws of nature
are called economists.
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3) Things always move at the same speed.

4) The less friction there is, the shorter objects in motion can keep
moving.

5) A magnet has a «north pole» and a «west pole».

6) Thanks to air resistance, falling objects reach a top speed.

B. Work with language

I. Translate the following nouns and give the corresponding verbs.
Division, collection, emission, civilization, exaggeration,

communication

explanation, utilization, evolution, relation, computation, direction,

oscillation.

11. Think of nouns corresponding to the following adjectives and translate
them into Russian.

Original, directional, universal, regional, centrifugal, conversational,
gravitational, accidental, natural

111. Put all possible guestions to the following sentences.

The planets are constantly circling the Sun.

Forces can cause moving objects to speed up or slow down.
The Earth and the Moon both have gravity.

Molecules in the air push up against falling bodies.

Isaac Newton was a famous scientist.

ok~ wbdE

1V. Put the words into the right order. Check your answers with the text.
1. is| movement |in [direction| motion| any.
2. the| moon’s| is not | strong| as Earth’s| gravity| as.
3. causes |force [to make | move | cat| the ball| the.
4
5

. a| still | stays | object | still.
in| the | push up | against| bodies | Molecules |air | falling.
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V. Ask guestions to the following statements. Start your guestions with the
words:
I wonder...; Could you clarify...; Could you tell me...; I'd like to know...;
Have you any idea...; I'm interested to know..., etc.

1. People and animals are always on the move. (Why?)

2. The planets are constantly circling the Sun. (Why?)

3. There are some rules to all this activity. (What?)

4. Our world and the whole Universe are governed by the laws of nature.

(What laws?)

VI. Translate the text and retell it in English:

Newton, one of the greatest scientists of all times was born in 1642 in
the little village in Lincolnshire, England. His father was a farmer and died
before Newton was born. His mother was a clever woman whom he always
loved.

After the school, Newton studied mathematics at Cambridge
University and received his degree in 1665. Then the university was closed
because of the danger of plague and Newton went home for eighteen
months. It was most important period in his life when he made his three
great discoveries — the discoveries of the differential calculuses, of the
nature of white light, and of the law of gravitation.

These discoveries are still important for the modern science. Newton
had always been interested in the problems of light. Many people saw
colors of a rainbow but only Newton showed, by his experiments, that white
light consists of these colors.

It is interesting how he discovered the law gravitation. Once, as he sat
at the garden, his attention was drawn by the fall of an apple. Many people
saw such an usual thing before. But it was Newton who asked himself a
question: "Why does that apple fall perpendicularly to the ground? Why
doesn't it go sidewards or upwards?" The answer to this question was the
theory of gravitation, discovered by Newton.

Newton died at the age of 84, and was buried in Westminster Abbey,

where his monument stands today.
(Adopted from )
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VII. Render this text into English:

HukT0 He cMOKeT BBINOJHUTH MPOCHOY!

[ToyeMy HUKTO HE MOXKET BBITIOJIHUTD CIEIYIOIIHNE ABE MIPOCHOBI?

"JlaliTe MHE TOYKY OMOPHI, U 51 IepeBepHyY 3eMitto!" - ¢ BEIMKOU 1
BECEII0N HECKPOMHOCTBIO MPUTPO3HIT KOTJAa-TO ApXUME/, 3HasA, YTO TOUKU
OTOPBI €EMY HUKTO HE JIACT.

"JlaiiTe MHE KOOpPAMHATHI M CKOPOCTU BCEX Te€J, M S PACCUUTAIO
oynymee Bcenennoit!" - mpuMepHO Tak JBYMsI THICSYEIECTUSIMU I103KE
nooOeman Jlamnac, 3Hasi, YTO HUKTO HE CMOXKET BBIMIOJHUTH €T0 MPOCHOBI,
XOTs1 OBl U3-3a OecpeieIbHOCTH MHUPA.

B 3Tux IBYX NPEII0OKEHUSX - UCTOPUS PA3BUTHUS KIACCUYECKOM

MEXAHUKU: OT TEOPUHU pblUara 10 CUCTEMbI MUPO3AaHHUS.
(Adopted from www.linguistic.ru )

C. Activities

| What do you know about Newton'’s First Law of Motion. Find more
information and make a report (or a presentation).

I  Point to Ponder: What is your opinion about Albert Einstein’s quote?
“Concern for man himself and his fate must always form the chief
interest of all technical endeavors, concern for the greatest unsolved
problems of the organization of labor and the distribution of goods - in
order that the creations of our minds shall be a blessing and not a curse to
mankind. Never forget this in the midst of your diagrams and equations.”
Albert Einstein
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Text 2. Forces and matter. The standard model of particle

«Every particle of matter is attracted by or gravitates
to every other particle of matter with a force inversely
proportional to the squares of their distances» Isaac
Newton

PRE-READING

Before reading the text try to discuss the following questions:

1. What do you know about the Large Hadron Collider?

2. Do science and technology do more good than harm? Leaving out
military applications, do you think that scientific discoveries can have
very dangerous effects?

Active vocabulary

Word

Pronunciation

Translation

accelerator, n.

/ak 'selarertor/

aKcesepaTop

annihilation, n.

/9 nan 'lerfon/

YHUYTOXXEHUE, syn. destruction,
ravage

attempt, n. /3" tempt/ MombITKa, syn. effort, try

boson, n. /'bavsan/ 0030H

charge, n. /tfa.d3/ 3apsill, Harpy3Ka, 3arpyska

charge parity /tfa:d3 'peerati Hapymeane CP-uHBapruaHTHOCTH

violation vaio'lerfon/ (KOMOWHUPOBAHHOW YETHOCTH,
CP-cummeTpun)

coalesce, V. /kava'les/ KOaJIeCIIUPOBATh

consequence, n.

/' konsikwans/

MOCJIEICTBUE, PE3YIbTAT, SyN.
outcome, result

dimension, n. / dar'menfon/ U3MEpEHHE, Pa3MEPHOCTh
explosion, n. /1k ‘splovzon/ B3pHIB, syn. burst

goal, n. /gavl/ 1eJTb, SyN. aim, purpose
hadron, n. /"haedron/ aapoH

helium, n. /"hi:liam/ TeJIni

hydrogen, n. /"hardradzon/ BOJIOPOJI

hypothesis, n. /hart ' poBasi:z/ THIIOTE3a

interact, v. / mtor akt/ B3aMMOJIENCTBOBATH
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lepton, n. /'leptan/ JIEIITOH

merge, V. /ms3:d3/ CIUBATH(Cs1), COCTUHSITH(CS1)

mutual, adj. /'mju:tfual/ OOIIMIA, B3aMMHBIH, Syn.
commutual

nucleus, n. /'nju:klias/ SIPO

particle, n. /"pa:tikl/ yacTUIa

plasma, n. /"pleezmo/ ria3zMa

quark, n. /kwa.rk/ KBapK

renormalization, n. |/ riormoalo’zerfon/ | nepeHOpPMHPOBKA

residue, n. /'rezidju:/ OCTaTOK, 0CaZ0K

string theory /stri 'O1ori/ TEOpHs CTPYH

substance, n. /"sabstans/ BEILECTBO, CyOCTaHIUs, Syn.
matter, stuff

validate, v. /"veelidert/ YTBEPKJIaTh, ITOATBEPIKIATH, SyN.
affirm, confirm

vacuum, n. /'vekjum/ BAKYYM

READING

Read and translate the text using a dictionary if necessary:

Standard Model of particle physics, which was formulated in the
1970s, describes the universe in terms of Matter (fermions) and Force
(bosons). The Standard Model consists of 17 particles. Twelve of the 17
fundamental matter-particles are fermions: 6 quarks and 6 leptons. The
remaining five particles are bosons, four of which are physical
manifestations of the forces through which particles interact. At high
energies, the weak nuclear force merges with electromagnetic force.

The Higgs boson is associated with the Higgs field which gives mass to
electrons, elementary quarks, Z and W bosons, and the Higgs boson itself. It
would be wise to mention that the strong nuclear force associated with the
gluon particle gives mass to atomic nuclei, by binding together the three
quarks inside protons and neutrons, and all attempts to include gravitons or
gravity into the Standard Model have failed. Gluons interact only with
quarks and themselves, but all the other bosons interact with both leptons
and quarks. Quarks carry both electrical and color charge, but leptons have
no color charge, and only non-neutrino leptons have electrical charge.
Neutrinos carry neither electrical nor color charge.
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According to Big Bang theory, the existing universe emerged from an
explosion in a vacuum that occurred 13.7 billion years ago. The four forces
were unified until 10—43 seconds after the Big Bang, after which first
gravity and then strong nuclear force separated from the other two forces.
At 10—12 seconds after the Big Bang electromagnetism separated from the
weak nuclear force, and the universe was filled with a hot quark-gluon
plasma that included leptons and antiparticles. At 10—6 seconds hadrons
began to form. Most hadrons and antihadrons were eliminated by
annihilation, leaving a small residue of hadrons by one second post-Big
Bang. Between one and three seconds after Big Bang the universe was
dominated by leptons/antileptons until annihilation of these particles left
only a small residue of leptons.

The universe was dominated by photons created by all of the
matter/antimatter annihilations, and the predominance of matter over
antimatter had been established. Between 3 and 20 minutes after the Big
Bang protons and neutrons began to combine to form atomic nuclei. A
plasma of electrons and nuclei (ionized hydrogen and helium) existed for
300,000 years until the temperature dropped to 5,000°C when hydrogen and
helium atoms formed.

If matter and antimatter were perfectly symmetrical, the cooling of the
universe would have resulted in particle/antiparticle annihilation that would
have left the universe filled only with photons. However, for every billion
mutual annihilations a particle of matter remained comprising the existing
matter of the universe. The predominance matter over antimatter is a
consequence of charge-parity violation (CP violation). About 99% of the
photons in the universe (the cosmic microwave background) are the result
of Big Bang annihilations. Photons from stars are a trivial contribution, by
comparison.

The standard model used by cosmologists predicts that the universe is
composed of 5% ordinary matter, 27% cold dark matter, and 68% dark
energy. Dark matter reputedly caused hydrogen to coalesce into stars, and is
a binding force in galaxies. Dark energy is accelerating the expansion of the
universe. The cosmologists' standard model also predicts that within the
first 10—32 of a second after the Big Bang, the universe doubled in size 60
times in a growth spurt known as inflation.

Dark matter does not interact with the electromagnetic force, thus
making it transparent and hard to detect, despite the fact that dark matter
must permeate the galaxy. Unlike visible matter, dark matter is nonbaryonic
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- its composition is outside of the (unextended) Standard Model. Neutrinos
may be a low-mass example of dark matter. Invisible Weakly Interacting
Massive Particles (WIMPs having thousands of times the mass of a proton)
have been hypothesized as being the substance of dark matter. It is believed
that the effect of Earth moving through a dark matter «wind» results in a
10% greater dark matter flux when it is summer in the Northern
Hemisphere than when it is winter. Some physicists believe that dark matter
does not exist, but that theories of gravitation need to be revised (as is
proposed by modified Newtonian dynamics).

The most prosaic goal of the Large Hadron Collider (LHC, the
enormous particle accelerator that first began operation in September 2008
at CERN, Europe's particle physics laboratory near Geneva, Switzerland)
was to find the Higgs boson. The Higgs boson adheres to the W and Z
bosons to give them mass, but does not adhere to photons (leaving photons
massless). The more particles interact with the Higgs field, the more
massive they become. The bosons that mediate electromagnetism (photons)
and the strong force (gluons) are massless, but the bosons that mediate the
weak force (Z and W bosons) have a mass about a hundred times greater
than the mass of a proton. The Higgs field, not the Higgs boson, gives
energy to particles. Because of Einstein's E = mc2, giving energy is
equivalent to giving mass. Heavier particles interact with the Higgs field
more than lighter particles, the heavy top quark more than any other
particle. A Higgs field would fill the vacuum of space with Higgs bosons,
just as the electromagnetic field fills the vacuum of space with photons.

Two detectors were created to search for the Higgs boson: (1) CMS
(Compact Muon Solenoid) and (2) ATLAS (A Toroidal LHS ApparatusS).
Neither detector could detect a Higgs boson directly, but the Higgs boson
rapidly decays into photons, Z or W bosons, or fermions, which CMS and
ATLAS can detect. Detection is most accurate for decay into two photons,
but that mode of decay only happens 0.2-0.3% of the time. The probability
of a Higgs boson being produced from a single high-energy proton collision
is about one in ten trillion (1 X 1013) because the interaction between
quarks and gluons with the strong nuclear force are far more powerful than
their interaction with the Higgs field. A Higgs boson could be formed from
gluons from the colliding protons fusing together, or by quarks from the
protons emitting Z or W bosons that fuse. Following the discovery of the
Higgs boson, the LHC can focus on learning more about that boson's
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properties - and possibly explain why the Higgs boson is required to give
particles a mass.

The LHC could validate or invalidate models of supersymmetry which
double the number of particles in the standard model by pairing every boson
with a fermion superparticle - and pairing every fermion with a boson
superparticle (somewhat analogous to antimatter). However, most particle
physicists are hoping to make discoveries with the LHC that gets beyond
the Standard Model, including an understanding of dark matter. The
Standard Model treats fundamental particles as point-like entities having no
dimensions, adjusted for by a kludge called renormalization. String theory
removes the need for renormalization and provides mathematically
satisfying explanations for many other problems. But string theory has still
not fulfilled its promise of unifying gravity and quantum mechanics. Nor
has it produced testable hypotheses, because strings could only be measured
at energies well beyond the capacities of existing particle accelerators.
Some physicists worry that aesthetic elegance is displacing evidence as the

basis of physical theory.
(Adopted from www.benbest.com)

A. Checking your understanding

I. Answer the following questions:

1. When were Standard Models of particle physics formulated?
How many particles does the Standard Model consist of?
What can you tell about the Big Bang theory?
What does the Standard Model used by cosmologists predict?
When and where did the particle accelerator first begin operation?
What was the goal of the large Hadron Collider?
In what way does the Standard Model treat fundamental particles?

NOo s W

I1. Show your good knowledge of the text. Match the parts to make a
sentence.

1. Standard Model of particle physics ...

2. The Standard Model consists ...

3. About 99% of the photons in the universe...

4. The more particles interact with the Higgs field...
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5. The Higgs field, not the Higgs boson...
6. Two detectors were created...
a) are the result of Big Bang annihilation.
b) describes the universe in terms of Matter.
¢) of 17 particles.
d) to search for the Higgs boson.
€) gives energy to particles.
f) the more massive they become.

B. Working with language
I. Form adverbs from the following adjectives and translate them into
Russian.

pure, comparative, rapid, equal, ordinary, certain, accidental,
radioactive, previous, rare, heavy, reasonable, separate, haughty, profitable,

peevish, cold, sufficient, effective

11. Look through the passage carefully and find English equivalents for the
following Russian phrases.

OCTaBIlII/ICCﬂ IIATh 4aCTHUL, SJICKTPOMAaruduTHas Cujid, aCCOOUHUPOBATLCA
C, ObUTIO OBl MPAaBWIBHBIM OTMETHThH, B OTJIMYHUE OT, HEKOTOpPHIC (U3UKU
MPEANnoJararoT, HEOOXOAMMO MePECMOTPETh.

111. Match each word in A with its synonym in B.

A.1 sudden and surprising; 2. to perceive; 3. rapid; 4. abrupt; 5. to
presume; 6. to prevail;7. drastic; 8. immense;

B. a) very powerful; b) unlimited, immeasurable; c); quick; d)
improbable, impossible to believe; e) to understand (see or notice); f)
incredible ; g) to be most common or general; h) to suppose to be true
without proof

1V. Fill in the blanks with information taken from the text.
1. At high energies, the weak nuclear force merges with ... .
2. Neutrinos carry neither electrical nor... .
3. The four forces were unified until 10—43 seconds ... .
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4. The predominance matter over antimatter is a consequence of... .
5. Some physicists believe that dark matter does not exist, ... .
6. However, most particle physicists are hoping ... .

V. Write three questions beginning with: What will you do if..., What will
happen if... .

Ask other students your questions. Useful expressions: I think, I'm sure,
certainly, probably, doubtless, maybe.

VI. Render the text into English:

IIpo3Buine 1aboparopun

Pezepdopn, Oymyuu crynentom KeHTepOepuiicKOTO YHHBEPCUTETA,
CTaJl. OJHUM W3 HWHUIMATOPOB CO3/IaHHS HAYYHOTO CTYIEHYECKOIro
obmiecta. [log cryaeHueckyto 1abopaTOPHUIO BBIIACIUIN XOJOAHBIN capaii ¢
IEMEHTHBIM moJioM. JlabopaTtopuio wu3-3a 3TOro BeIUyYanud 'merniepoi”.
[IpountaB crateio ['epiia 00 37IeKTpOMarHUTHBIX KoseOaHusx, Pesepdopa
pelmI CKOHCTpYHpoBaTh B 'memiepe" OecrnpoBONOYHBIN Tenerpad. 1o
OBLIO TEpBOE OTKPHITHE ABajLaTHUeThIpexjieTHero Pesepdopna. Ity
paboTy HMCIONB30BAJIM B CBOMX OTKPBITHSX B 00JIaCTU paguo AJEKCaHIp
[TonoB u I'ynbepmo Mapkonu. OHa mpowusBena 0OJIbIIOE BIEYATIECHUE B
yHuBepcutere, U Pesepdopay naxe "mpoctunu" ero omuOku - (aHTazum
Ha CYET CTPOEHUs aToMa. A /1eJ10 00CTOSIO TaK.

Y4yace Ha BTOpPOM Kypce, OH M30pan najs JAOKJIajga Ha 3acelaHuu
obmiectBa Temy "IBosronua mMarepuu'". B HEM OH 3asBuUJI, YTO BCE aTOMBI
MIOCTPOCHBI U3 OJIHUX M TEX e COCTaBHBIX 4acteil. [Io Tem BpeMeHaM 3TO
ObUIO MPOCTO HEBEXKECTBOM: LlapuBIIasl B (PU3HKE aTOMUCTUYECKAsT TEOpHUs
anrnmuyanuHa J>xoHa [lanpToHa HEMOKOIEOMMO yTBEpKaana HEACTHUMOCTD
atoma! Ha craenyromem 3acemanum oOmectBa OpHecty Pesepdopmy
NPUILIOCh MPUHECTH W3BUHEHUS CBOMM TOBapHINaM 3a TO, YTO OH IOJ
BUJIOM HAy4HOTO JIOKJIaJa pacckasblBall IBHYIO0 Oenudepay!

(Adopted from www.teachmen.ru_)
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C. Activities
1. Think and say a few words about:
1. The Big Bang and subatomic world;
2. Distinct particle types known in nature
3. Protons and neutrons, their present and future.

11. Prepare a short report about the most important discoveries in the field
of physics and their role in the science development.
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Text 3. Work, energy and power

PRE-READING

Answer the following questions:

1) What do you know about energy?

«Instrumental or mechanical science is the

noblest and, above all others, the most useful»

Leonardo da Vinci

2) Tell everything you know about the forms of energy.

Active vocabulary

Word Pronunciation Translation

application, n. |/ aplr'kerfon/ IPUMEHEHHE

bond, n. /bond/ y3Bl, CBSI3b, syn. link

calculate, v. /"keaelkjalert/ BBEIYUCIIATE, HCYUCTIATD,
BBICUMTHIBATH, Syn. compute, figure
out

define, v. /d1 ' fam/ OTIpE/ICTIATh, YCTaHABINBATh, SYN.
determine, identify

energy, n. /"enad3z1/ SHEprus

equal, adj. /"1:kwal/ paBHBIH

fission, n. /' fifon/ JICJICHUE, pacIICTICHUES

fusion, n. /' fju:zon/ CIUUIaB, CIIUSTHHC

heat, n. /hi:t/ xapa, TerIo

height, n. /hart/ BBICOTA

Kinetic, adj. /k1'net.ak/ KUHETHYeCcKas

lift, v. /1ift/ MIOJTHUMATh, Syn. elevate, raise

measure, V. /'mezor/ U3MEPSATH

potential, adj. |/pa‘tenfal/ MIOTEHITHATbHAS

power, n. /pavor/ MOIITHOCTh

shelf, n. /felt/ TOJIKa

solar, adj. /"savlar/ COJIHEUHBIH

still, adj. /stil/ HEIOABHKHBIN, CITOKOWHBIH,
syn. fixed, motionless, rigid

stored, adj. /sto:d/ HAKOIUICHHBIH, 3aITaCEeHHbIH
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split, v. /split/ packanbIBaTh(Cs), pa3aenaTh(cs),
nenuthb(cs), syn. dispart, divide

transfer, v. /treens ' 3:1/ nepeaBarh, epeMeniaTh,
MIEPEHOCHUTH

wave, n. /werv/ BOJIHA

work, v. /w3:k/ pabora

READING

Read and translate the text using a dictionary if necessary:

Work can be defined as transfer of energy. In physics we say that work
Is done on an object when you transfer energy to that object. If one object
gives energy to a second object, then the first object does work on the
second object. Work is the application of a force over a distance (W= Fxd).
Lifting a weight from the ground and putting it on a shelf is a good example
of work. The force is equal to the weight of the object, and the distance is
equal to the height of the shelf. Work-Energy principle states that the
change in the kinetic energy of an object is equal to the net work done on
the object.

Energy (E) can be defined as the capacity for doing work. The simplest
case of mechanical work is when an object is standing still and we force it
to move. The energy of a moving object is called kinetic energy. For an
object of mass m, moving with velocity of magnitude v, this energy can be
calculated from the following formula E= 1/2 mv/2.

There are two types of energy. The first is Kinetic Energy or Energy of
Motion, the second is Potential Energy or Stored Energy. The forms of
energy are:

Solar Radiation: infrared heat, radio waves, gamma rays, microwaves,
ultraviolet light

Atomic/Nuclear Energy - energy released in nuclear reactions. When
a neutron splits an atom's nucleus into smaller pieces it is called
fission. When two nuclei are joined together under millions of degrees
of heat it is called fusion.

Electrical Energy is the generation or use of electric power over a
period of time expressed in kilowatt-hours (kWh), megawatt-hours
(NM) or gigawatt-hours (GWh).

Chemical energy is a form of potential energy related to the breaking
and forming of chemical bonds. It is stored in food, fuels and
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batteries, and is released as other forms of energy during chemical
reactions.

Mechanical Energy - energy of the moving parts of a machine. Also
refers to movements in humans.

Heat Energy is a form of energy that is transferred by a difference in
temperature.

Special attention should be paid at the definition of the word «power.
Power is the work done in a unit of time. In other words, power is a
measure of how quickly work can be done. The unit of power is the Watt =
1 Joule/ 1 second. One common unit of energy is the kilowatt-hour (kWh).
If we are using one kW of power, a kWh of energy will last one hour.

To calculate Work, we use the equation W=Fd, where F - force, d -
distance. Because energy is the capacity to do work, we measure energy and
work in the same units (N*m or joules). Power (P) is the rate of energy
generation (or absorption) over time: P = E/t, where E - energy, t - time.
Power's Sl unit of measurement is the Watt, representing the generation or
absorption of energy at the rate of 1 Joule/sec. Power's unit of measurement

in the English system is the horsepower, which is equivalent to 735.7 Watts.
(Adopted from www.physics.com)

A. Checking your understanding

|. Review questions:
1. What is the main idea of the text?
2. How can work be defined?
3. How do we define Work in physics?
4. What is energy?
5. What is kinetic energy?
6. What types of energy do you know?
Il. There are several definitions in the text. What are they? Complete the
sentences.
1) ...is transfer of energy.
2) ...is the capacity for doing work.
3) ...is energy released in nuclear reactions.
4) ... is the generation or use of electric power over a period of time
expressed in kilowatt-hours (kWh), megawatt-hours (NM) or
gigawatt-hours (GWh).
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5) ... a form of potential energy related to the breaking and forming of
chemical bonds. It is stored in food, fuels and batteries, and is
released as other forms of energy during chemical reactions.

6) ... a form of energy that is transferred by a difference in temperature.

7) ... energy of the moving parts of a machine. Also refers to
movements in humans.

8) ...is when two nuclei are joined together under millions of degrees of
heat.

[11. Are these sentences true or false?

1) The force is equal to the weight of the object.

2) Energy (E) can’t be defined as the capacity for doing work.

3) The simplest case of mechanical work is when an object is standing
still and we force it to move.

4) The energy of a moving object isn’t called kinetic energy.

5) There are four types of energy.

6) The first is Kinetic Energy or Energy of Motion, the second is
Potential Energy or Stored Energy.

7) To calculate Work, we can’t use the equation W=Fd, where F - force,
d - distance.

B. Work with language
1. Form nouns from the following verbs and translate them into Russian. To
improve, to excite, to appoint, to develop, to move, to establish, to

agree, to adjust.

11. Think of the verbs corresponding to the following adjectives and
translate them into Russian.

Explosive, representative, expressive, offensive, protective, creative,
refractive, indicative, attractive

I11. Put all possible guestions to the following sentences.
1. The force is equal to the weight of the object.
2. There are two types of energy.

25




3. We use the equation to calculate Work.
4. \We measure energy and work in the same units.
5. Mechanical Energy refers to movements in humans.

IV. Put the words into the right order. Check your answers with the text.
1) application /of a force/ work/ a distance / is/ the/ over
2) lifting / from/ the / is /a /example of / work/ a / weight /ground/ good.

3) force/equal / the / weight/ the /object/ the/ is/ to/ of.
4) energy /a/ moving / called /kinetic / the/ energy/ of/ object/is.
5 power / work/ in /a/ of/ time / is / the/ done/ unit.

6) in /other/ power /is/ a / measure /of / quickly /work / be /done/ words/
how/ can.

7) unit/ power/ Watt = 1 Joule/ 1 second/ the / of / is / the.

V. Read and translate the word combinations:
Produced obtained transformed supplied available

Captured trapped
Degraded ENERGY transferred
Utilized provided

Derived from takenin released stored fixed passed along

C. Activities
Give your own examples of using different forms of enerqy in our life.
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Text 4. Energy transfers and energy transformations

PRE-READING

Give answers to the following questions:

«Energy cannot be created or destroyed, it can

only be changed from one form to another»

Albert Einstein

1. What do you know about photosynthesis?
2. Why is this process so important for the nature?

Active vocabulary

Word Pronunciation Translation
adenine, n. /"@edonin/ aJICHUH
adenosine /5'dendvsin ' drfosfert/ aneno3una audocdar/ AD
diphosphate/ ADP
adenosine /a'denovsin ‘trifosfert/ | ageno3una tpudocdar/ ATD
triphosphate/ ATP
bioenergetics, n. | /barou enadzetiks/ OModHEepreTHKa
bioluminescence, |/ barou lu:mi'nesans/ OMOJIOMHHECIICHITHS
n.
carbohydrate, n. / ka:bau 'hardrert/ YTIICBOJT
chemical, adj. /' kemikal/ XAMHAYECKHAIN
conduction, n. /kon'dakfon/ IPOBOJIUMOCTh

conversion, n.

/kon'v3:3on/

Mepexo/1, MpeBpallieHue

disorder, n. /d1'so:dar/ paccTpoicTBO, OECTIOPSIIIOK, SyN.
disarray

entropy, n. /"entrapi/ SHTPONUS

enzyme, n. /'enzamm/ SH3UM, (pepMEHT

glucose, n. /'glu:kous/ TJTI0KO3a

invariable, adj.

/in"veariabl /

HEU3MEHHBIN, IOCTOSIHHBIN, SyN.
changeless, permanent, unvaried

linkage, n.

/" lmkidz/

COeJIMHEHHE, CIICIVICHUE, CBI3b

metabolic, adj.

/meta balik/

MeTa00JIMUYECKUI, OTHOCSIIUICS
K MpoIieccy 0OMeHa BEIIeCTB

nitrogen, n.

/'nartradzon/

a30T
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nucleoside, n. /'nju:kliosard/ HYKJICO3HU]]

photosynthesis, n. |/ fautou 'simfasis/ dbotocuHTE3

randomness, n. /'rendomnas/ 0eCcTopsAI0YHOCTD,
Xa0TUYHOCTb, CIIy4alHbIN
XapakTep

release, V. /r1'l1:s/ 0CBOOOXKIATh, BBICBOOOXK1aTh,

BBIITYCKaTh, Syn. give out, free

respiratory, adj.

/'resporato:ri/

JBIXaTEJIbHBINA, PECIIUPATOPHBIN

restore, v.

/r1'sto:r/

BO3BpaliaThb, BOCCTaHaBJIMWBATh,
syn. rebuild, rebuild, rehab

substrate, n.

/'sAbstrert/

IIOJJIOXKKA, OCHOBA

spontaneously,
adv.

/spon’temiasl/

HCTIPOU3BOJbHO, CIIOHTAHHO

thermodynamics,
n.

/ 03:movdar naemiks/

TCPMOAMHAMHUKA

transfer, n.

/treens 3.1/

IEPCHOC, ncpcaada

transformation, n. | /treens fo:maifon/ U3MCHCHHE, peoOpa3oBaHue,
npeBpallcHue

unidirectional, adj. | /'ju:nidar'rekfonal/ OJTHOHAIIPABJICHHBIH

utilize, v. /"ja:tilarz/ HCIIOJIb30BaTh, YTHIN3UPOBATH

vital, adj. /'vartal/ ’KU3HEHHO BaYKHBIH, HACYIIHBIN

READING

Read and translate the text using a dictionary if necessary:

Energy is the capacity to do work. All living organisms require energy
for carrying on their vital metabolic activities. The primary source of energy
for living system is solar radiation. The radiant energy of sunlight cannot be
utilised directly by all living organisms. This ability rests only with the
green plants. All the other organisms have to meet their energy requirement
only through the green plants. They represent the entry point for the flow of
energy in the living system, which is always unidirectional.

Energy that flows in the living system is called bio-energy and the
study of changes in energy as it flows through a living system, is called
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bioenergetics. It would be wise to mention that all energy conversions in the
living system are governed by certain invariable principles called laws of
thermodynamics, as in any physical system.

There are two types of energy changes in the living system, namely
energy transformation and energy transfer. The examples of energy
transformation are following:

Photosynthesis - in which green plants transform radiant solar energy into
chemical energy that gets stored as potential energy in carbohydrates.

Bioluminescence -in which chemical energy is transformed into light
energy

Conduction of nerve impulses - in which chemical energy is transformed
into electrical energy

Muscular activity - in which chemical energy is transformed into
mechanical energy

A classic example of energy transfer in the living system is respiration.
Here, the chemical (potential) energy stored in respiratory substrates like
glucose, is transferred to ADP and is stored in ATP. The ATP molecules
transfer energy to other biological molecules.

ATP (adenosine triphosphate) is an energy rich compound having three
phosphate group attached to a nucleoside of adenine (a nitrogen base),
called adenosine (adenine + pentose sugar). Of the three phosphate groups,
the terminal one has a weak linkage. This phosphate group can break
spontaneously whenever ATP forms a complex with an enzyme. The
breaking up of this bond releases chemical energy causing an immediate
shift in the bond energy giving rise to adenosine diphosphate (ADP). ATP is
therefore commonly described as energy currency of the cell.

In the given article special attention should be paid at entropy (the
usual symbol is S). Entropy is a measure of the degree of disorder or
randomness of a system. It corresponds to the amount of energy that is not
available for work in a system. Loss of energy in the form of heat results in
an increase in the entropy of a system.

In the biological system, an increasing degree of entropy results in the
death of a cell or an organism, unless energy is restored. Living organisms
restore their lost energy either directly from sunlight (as in green plants) or

from their food molecules (as in other organisms).
(Adopted from www.tutorvista.com)
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A. Checking your understanding
I. Answer to the following gquestions:

1.

ok~ ow

What do all living organisms require?

What is primary source of energy for living system?

What is bio-energy?

How many types of energy changes in living organisms are there?
What are examples of energy transformation?

Il. There are several definitions in the text. What are they? Complete the

sentences.

1) ... is the capacity to do work.

2) ... is energy that flows in the living system.

3) ... - inwhich green plants transform radiant solar energy into
chemical energy that gets stored as potential energy in carbohydrates.

4) ... - in which chemical energy is transformed into light energy.

5) ... - in which chemical energy is transformed into electrical energy.

6) ... - in which chemical energy is transformed into mechanical energy.

7) ... 1is a classic example of energy transfer in the living System.

8) ... is the study of changes in energy as it flows through a living

system.

I11. Are these sentences true or false?

1.
2.

The primary source of energy for living system is solar radiation.

The radiant energy of sunlight can be utilized directly by all living
organisms.

All energy conversions in the living system are governed by certain
invariable principles called laws of thermodynamics.

The ATP molecules don’t transfer energy to other biological
molecules.

Living organisms restore their lost energy either directly from
sunlight (as in green plants) or from their food molecules (as in other
organisms).
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B. Work with language
1. Think of verbs corresponding to the following nouns and translate them
Into Russian.

Reference, resistance, correspondence, existence, coalescence,
conductance, difference

11. Put all possible guestions to the following sentences.

All living organisms require energy for carrying on their vital
metabolic activities.

The primary source of energy for living system is solar radiation.
The ATP molecules transfer energy to other biological molecules.
The breaking up of this bond releases chemical energy.

They represent the entry point for the flow of energy in the living
system.

I—\

111. Put the words into the right order. Check your answers with the text.
1) types/ energy / changes / the / system / there / of /are / two / in /
living.
2) example / of / transfer / in / the / system / respiration /a / classic /
energy / living /is.
3) is/ measure /the / degree / of / disorder / entropy / a/ of .
4) corresponds / the / energy / to / of / amount/ it .

IV. Guess the words:
1) htosnyohstsiep.....
2) cmlinoicbuenees...
3) tserpainori...
4) lagiooblic...
5) smecolleu...
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C. Activities
|. Prepare a short report about important processes in nature (energy
transformation and enerqgy transfer) and their role.

11. Discuss the following questions in a group:

1. What do you know about the theory of cells?

2. Is the theory of cells important nowadays and why? Thermal physics
3. What do you know about scientists who worked in the field of thermal
physics investigation?

I11. Prepare a short report about the most important discoveries in biology
and their role in the science’s development.
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PRE-READING
Give answers to the following questions:

UNIT 2. THERMAL PHYSICS

Text 1. The kinetic model of matter

«We are just light. Light condensed becomes matter»

Dr. Pillai

1. What do you know about the kinetic molecular theory of matter?
2. Tell about an application of this theory.

Active vocabulary

Word Pronunciation Translation
close, adj. /klovz/ OJIM3KHM, TUIOTHBIN, TECHBIN
clump, n. /Klamp/ y4oK, syn. cluster
condensation, n. |/ konden'seifon/ KOHJICHCAITUS
diffusion, n. /d1'fju:zon/ pacceuBanue, TP Py3us
evaporation, n.  |/1,vaepa'rerfon/ UcriapeHue
freezing, n. /' fri:ziy/ 3aMep3aHue, 3aMOPKUBAHUE
interaction, n. / mtar' &k fon/ B3aUMOJECHCTBUAE
intermolecular, |/ mtama’lekjola/ MEKMOJICKYISIPHBIN
adj.
lattice, n. /'laetis/ pelrerka
liquid, n/adj. /' likwid/ KHUIKOCTD, JKHIKAN
macroscopic, / maekra'skapik/ MaKpOCKOITMYECKUI
adj.
melting, n. /meltin/ TJTaBJICHHE, pacruiaBjcHHE,

TastHHE
microscopic, adj. |/ maikra'skppik/ MUKPOCKOITNYCCKUHT

overcome, V. /,auva'kam/ PEO0I0JIEBATh, SyN. OVErpass
phase, n. /ferz/ ¢aza, sramn

pressure, n. /"prefor/ JaBJICHHE

property, n. /' propati/ CBOWCTBO, syn. attribute, feature
sample, n. /'sa.mpl/ obpaserr, syn. example, pattern
solid, n/adj. /"splid/ TBEPJIOC TEJIO, TBEPIBIN
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sublimation, n. [/ sabli'merfon/ ucrapeHue TBEPAbIX TeN,
cyonumarus

temperature, n. |/ temprot/or/ TeMreparypa

vapor, n. /"verpar/ nap

volume, n. /'volju:m/ 00beEM

weak, adj. /wik/ c1a0bIi, HEYCTOMYNBEIN

READING
Read and translate the text using a dictionary if necessary:

The kinetic molecular theory of matter offers a description of the
microscopic properties of atoms (or molecules) and their interactions,
leading to observable macroscopic properties (such as pressure, volume,
temperature). An application of the theory is that it helps to explain why
matter exists in different phases (solid, liquid, and gas) and how matter can
change from one phase to the next.

The three phases of matter:

8% s
@(%D@ v

solid liquid gas

Notice that the spacing between atoms or molecules increases as we
move from a description of the solid phase to the gaseous one. The Kkinetic
molecular theory of matter states that:

Matter is made up of particles that are constantly moving.

All particles have energy, but the energy varies depending on the
temperature the sample of matter is in. This in turn determines
whether the substance exists in the solid, liquid, or gaseous state.
Molecules in the solid phase have the least amount of energy, while
gas particles have the greatest amount of energy.

The temperature of a substance is a measure of the average kinetic
energy of the particles.
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A change in phase may occur when the energy of the particles is

changed.

There are spaces between particles of matter. The average amount of

empty space between molecules gets progressively larger as a sample

of matter moves from the solid to the liquid and gas phases.
There are attractive forces between atoms/molecules, and these

become stronger as the particles move closer together. These

attractive forces are called intermolecular forces.

Let's take water as an example. We find that in its solid phase (ice), the
water molecules have very little energy and cannot move away from each
other. The molecules are held closely together in a regular pattern called a
lattice. If the ice is heated, the energy of the molecules increases. This
means that some of the water molecules are able to overcome the
intermolecular forces that are holding them close together, and the
molecules move further apart, forming liquid water. This is why liquid
water is able to flow: the molecules have greater freedom to move than they
had in the solid lattice.

If the molecules are heated further, the liquid water will become water
vapor, which is a gas. Gas particles have more energy and are on average at
distances from each other which are much larger than the size of the
atoms/molecules themselves. The attractive forces between the particles are
very weak given the large distances between them. The illustration below
shows a change in phase.

Solid

freezing
melting

The kinetic theory of matter is also illustrated by the process of
diffusion. Diffusion is the movement of particles from a high concentration
to a low concentration. It can be seen as a spreading-out of particles
resulting in their even distribution. Placing a drop of food coloring in water
provides a visual representation of this process — the color slowly spreads
out through the water. If matter were not made of particles, then we would
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simply see a clump of color, since there would be no smaller units that
could move about and mix in with the water.
(Adopted from www.boundless.com )

A. Checking your understanding
|. Review questions:
1) What are three phases of matter?
2) How can matter change from one phase to the other?
3) What is there between particles of matter?
4) When does the spacing between atoms or molecules increase?
5) What is matter made up of?
6) What do all particles have?
7) Why is liquid water able to flow?
8) When may a change in phase occur?
9) The Kinetic theory of matter is also illustrated by the process of
diffusion. Prove it.

I1. Complete the sentences.
1. Intermolecular forces are ...
2. Diffusionis ...
3. The kinetic molecular theory of matter states that...
4. If the ice is heated ...
5
6
7
8

. The liquid water will become water vapor, if ...
. The liquid water is able to flow, because ...

. If matter were not made of particles, ...

. The temperature of a substance is...

I11. Are these sentences true or false?
1. The kinetic molecular theory of matter states that matter is made up of
particles that are constantly moving.

2. All particles have energy, but the energy varies depending on the
temperature the sample of matter is in.
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3. Molecules in the solid phase have the greatest amount of energy,
while gas particles have the least amount of energy.

4. The average amount of empty space between molecules gets
progressively smaller as a sample of matter moves from the solid
to the liquid and gas phases.

5. If the molecules are heated further, the liquid water will become in its
solid phase (ice).

6. Diffusion is the movement of particles from a high concentration to a
low concentration

B. Work with language
I. Match each word in A with its synonym in B.
A. at random, to lack, to clarify, similarity, evidently, to conceive the
idea, emergence, to presume, to verify, to conjecture
B. to confirm, to suppose, to guess, not to have, obviously, without
reason or aim, to make clear, to form in the mind, likeness, appearance

I1. Put all possible questions to the following sentences.

1) The kinetic molecular theory of matter states that all particles have
energy.

2) Molecules in the solid phase have the least amount of energy.

3) There are spaces between particles of matter.

4) The kinetic theory of matter is also illustrated by the process of
diffusion.

5) There are attractive forces between atoms.

6) The energy of the molecules increases, if the ice is heated.

7) The color slowly spreads out through the water.

[11. Put the words into the right order. Check your answers with the text.

1. The |kinetic | offers |a description| of the microscopic| theory |of
matter |properties [and molecular| their| interactions |of atoms (or
molecules).

2. energy |in the solid | have| amount| of | Molecules |phase |the least.
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attractive |There | forces |are| atoms| between.

water | Let's| as | example| take |an.

If | the | is |the |energy | the| molecules| increases| ice |heated | of.
forces| intermolecular |attractive |called |These| are| forces.
concentration| is |the | of | from| a |high |Diffusion| to| a| concentration|
movement| particles| low.

N o ok w

IV. Guess the words:
caromlule
icosopicmrc
fisonfidu
nicekti

rocsfe

ok wbdE

V. Render the text into English:

B HOBOroIHMI MOJAPOK - CHEKUHKH!

Benukuii Hemeukuil yueHbld actpoHoM U marematuk Morann Kerutep
B 1611 romy omyOnukoBasl HEOOJBIIYIO KHIDKKY, KOTOpas Ha3bIBajlach
"HoBorognuii moaapok, uid O MIECTUYroJIbHBIX cHexXUHKax'" (cMm. Kemep
. O mectuyroiapHbIX CHeX)KUHKaAX. - M.: Hayka, 1982. - 192 c.). B Heii oH B
IIyTIUBOM  (OpMe OMNHCHhIBAI CBOM Pa3MBIIUICHUS IO JIOpore K
KOpoJIeBCKOMY  coBeTHUKY (¢oH Bakendenncy. OH  HamepeBaics
NPENOJHECTY HOBOTOJIHHI MOJAPOK CBOEMY IMOKPOBUTEII0, HO HHUYETO
WHTEpPECHOTO HE MoOr mnpuaymars. W TyT oH oOpaTuin BHUMaHHE Ha
MajaIre CHEOKUHKU. "DTOT MOJAapOK HHUCIOCHAH ¢ Heba W HeceT B cede
nogo6ue 3Be3/!" - BOCKJIMKHYJI OH.

Jlanee oH oOpaTwyi BHUMaHUE HA TO, YTO CHEXUHKHU COJEpXkKaT BCETia
IIECTh JIy4eH, a He ceMb WIH MTh. PasmbIuiss o0 stom, Kemep mpurien k
BBIBOJly, YTO MPHUYMHA HIECTUYTOJbHOCTH CHEra, & TaKXe MUYEJIMHBIX COT U
s4eeK TrpaHata oOYyCJIOBJI€HA OJHUM: IIJIOTHOM YIIAKOBKOW KaKHX-TO
IIAPOBBIX D3JIEMEHTOB, WX COCTAaBISIONIMX. OJTO TMeEpBas HUHTYUTUBHAS
JOoTaJlka O TEOMETPUYECKH NPaBUJIBHOM BHYTPECHHEM CTPOCHUU
KPUCTAJJIOB.

(Adopted from www.nkj.ru )
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C. Activities
What do you know about scientists who worked in the field of thermal

physics investigation? Find information and present it to your group.
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Text 2. Thermal properties of matter

«All the properties of matter are so connected that we
can scarcely imagine one thoroughly explained, without
our seeing its relation to all the others; without, in fact,
having the explanation of all» [PLA, vol. 1, «Constitution

of Matter»]

PRE-READING
Give answers to the following gquestions:
1. Can you discuss the thermal properties of matter?
2. What is the difference in meanings between the terms of heat and

temperature?
Active vocabulary

Word Pronunciation Translation
asymmetric, / e1st metrik/ ACUMMETPHUYHBIN
adj.
beaker, n. /"bi:kor/ MEH3YpKa, 1a00paTOpPHBIN cTakaH
behavior, n. /bt hervjor/ [IOBEICHUE
blanket, n. /"blaenkit/ IIOKPOB, CIIOM, Syn. coating, cover
calibrate, v. /'keaelibrert/ IIPOBEPSATH, BHIBEPSTH;, KaIrMOpPOBATh,

TpaayupoBaTh

coefficient, n. |/ koot fifont/ KOA(PPUITUSHT
contract, v. /"kontreekt/ CKUMAaTh(Cs),CoKpaaTh(cs),

cykuBaTth(cs), syn. shrink, tighten

convenience, n.

/koan'vi:nians/

yn00cTBO, syn. comfort

curve, n. /k3:v/ u3rud, KpuBas

expand, v. /1k 'spaend/ pacmupsTh(Cs),pacpoCTpaHsATh(Cs),
syn. enlarge, vast, widen

equilibrium, n. |/ i:kwi'libriom/ paBHOBecCHE

extremity, n. /1k ' stremati/ KOHCYHOCTH

flame, n. /fletm/ IUTaMs, OTOHb, Syn. blaze, fire

flow, n. /flav/ TEUYEHHUE, ITIOTOK

general, adj. /'dzenaral/ oOmmii, OCHOBHOH, Syn. basic,
fundamental

length, n. /lend/ JUTAHA
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mark, v/n. /ma:k/ 0TMe4YaTh, 0003HaYaTh, MAPKUPOBATH
OTMETKa, 0003HAYCHUE, MAPKUPOBKA

oscillate, v. /'psilert/ JIBUTATHCSA B34/ " BIICPE/I,
K0J1€0aThCsl, OCUMIUITUPOBATH

peculiar, adj. /pr kju:liar/ 0COOCHHBIH, CBOCOOPA3HBIH,
syn. especial, unusual

place, v. /plets/ CTaBUTh, IOMENIATh, pa3MeIaTh, Syn.
put

popsicle, n. /"popsikl / MOPOXEHOE Ha MAJIOUKe

scale, n. /skerl/ pasMep, MaciTa0, mKkasa

shape, n. /fe1p/ dbopma, ouepraHue

shift, n. /fift/ C/BUT, U3MEHEHUE

thermal, adj. /'03:mal/ TEIUTBIN, TEPMAIIbHBIN; TETTIOBOU

thermometer, n. | /0o’ momrtor/ TEPMOMET]

wax, n. /waks/ BOCK

READING

Read and translate the text using a dictionary if necessary:

To discuss the thermal properties of matter, we need to define some
general thermal concepts, such as: the difference between heat and
temperature, thermal equilibrium, the zeroth law of thermodynamics, and
the absolute temperature scale.

In everyday language we use the terms «heat» and «temperature»
loosely as if they had the same meaning. In physics they have different
meanings. Consider the following example.

Take a beaker half filled with water and place some ice in it. Put a
thermometer in the water and wait till the temperature of the water becomes
stable so that the temperature of the water and the ice are the same. Now
place the beaker over a Bunsen burner and start heating it. You will notice
that the temperature of the water stays the same as long as there is ice left.
We all agree that the flame is heating the water but the thermometer says
that the temperature does not change. Once all the ice melts, the temperature
of the water starts to rise. From this we can see that we need to closely
examine our ideas about the meanings of heat and temperature and
distinguish them. Temperature is related to the average kinetic energy of the
particles (atoms or molecules). Heat is the amount of energy transferred to a
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system of particles. In the above examples, we were transferred heat to the
system, which in turn melted the ice but the temperature did not change.

Thermal equilibrium

Thermal equilibrium is simply another way of saying that two or more
objects are at the same temperature. For instance, your best friend and you
have never met, not even shaken hands. Yet if you are in good health you
can bet that your body temperatures are at 37 °C. You are both in thermal
equilibrium. Ignoring the fact that our extremities (e.g hands, feet and nose)
may be colder than the rest of our body. This is sometimes called the zeroth
law of thermodynamics. The reason for this is that physicists first found the
first and second laws, then realised that there is a more fundamental law so
they decided to give it the number zero. More formally the law can be
quoted as follows:

«Zeroth law of thermodynamics: If object A and object B are in
thermal equilibrium with object C, then they are in thermal equilibrium with
each other».

Absolute Temperature scale

There is a physical lower temperature limit of matter. Nothing can be
cooled below -273.15 °C. For convenience, scientists have devised the
absolute temperature scale which starts with -273.15 °C and called it Kelvin
(not degrees Kelvin). So the relationship between Celsius and Kelvin is:

TK=TC+273.15, where TK is the temperature in Kelvin, and TC is the
temperature in Celsius.

Examples: Ice freezes at 0 °C or TK= 0 +273.15= 273.15 Kelvin.
Normal room temperature is at 20 °C or TK = 20 + 273.15 = 293.15 Kelvin.

How to make a thermometer

To measure temperature we have to measure another macroscopic
quantity that is directly influenced by temperature. There are many ways to
do this. Thermometers use physical properties ranging from electrical
resistance to radioactivity. But the oldest of all is the mercury thermometer.
All materials change their physical dimensions when heated or cooled. The
change in length is a direct measure of temperature.

To make a thermometer, we fill a thin glass tube with mercury (some
use alcohol). Place the tube in ice that's been sitting in the room for a while
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and starting to melt. We then note the position of the mercury column on
the glass tube. We can call this level whatever we like, but we choose to call
it 0 °C. We then place the tube in boiling water and watch the mercury
column expand to another length. We then call this level 100 °C for
convenience. We can then divide the length between the two positions into
100 equal segments and call each one 1 °C. Note that there is nothing
special about this way of putting marks on a thermometer. It is simply for
human convenience. We could have equally chosen a material other than
water to calibrate our thermometer. We could have chosen wax. That it, we
could have chosen 0 °C to be the temperature when wax just starts to melt,
and 100 °C when it boils. There is also no need to call one 0 and one 100
such as the Fahrenheit scale which we will not be using here.

Thermal Expansion

When a material is heated or cooled, it changes its dimensions.
Generally, it expands when heated and contracts when cooled although
there can be exceptions to this rule.

Examples: If water is gradually cooled, it shrinks in size as expected.
But at 3.98 °C it begins to expand again until it turns to ice at 0 °C. This
expansion is peculiar to water and is associated with the unusual shape of
the water molecule. This behavior explains why lakes freeze from the top
downwards in winter. The colder water is at the top of the lake because it
expands and becomes less dense. When this water freezes it insulates the
water below it from the outside cold air like a blanket. It is because of this
property many fish can survive the winter rather than becoming part of a
giant Popsicle.

When you first turn on a hot water tap, the water rushes out but is still
cold. When it starts to become hot, the flow of water starts to become less
and in some cases it stops. This can be explained as follows: the hot water
heats the metal valve inside the tap which expands to block off any more
flow of water. The change in length of a solid is related to the original
length and the change in temperature.

AL = Lo \where A L is the change in length, Lo is the original
length Dbefore the change, AT is the change in temperature, and © is the
linear thermal coefficient of expansion, which is different for different
materials.
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Thermal Expansion at the atomic level

At the atomic level, thermal expansion means there is an increase in the
average spacing between atoms. As a particular atom oscillates about its
equilibrium position, it experiences an asymmetric potential energy as
shown in figure 2. If it moves towards another atom it experiences a very
steep rise in the potential energy. Whereas if it moves away from the other
atom, it experiences a relatively slow increase in the potential energy and so
travels much further. The asymmetry in the potential energy curve leads to a

shift in the average position of the atom.
3

separation

Potential energy between two atoms in a solid. For a given
energy, E, the average separation increases due to the asymmetry
of the curve.

(Adopted from www.physics.usyd.edu.au)

Potential Energy

A. Checking your understanding
I. Give answers to the following questions:
1) What is the text concerned with?
2) Can you define the general thermal concepts?
3) Do we use the terms «heat» and «temperature» in the same meaning
in everyday language and in Physics?
4) What is equilibrium? Give your examples of its understanding.
5) How do you understand the term “thermal equilibrium”?
6) Is there a physical lower temperature limit of matter?
7) What kind of a thermometer is the oldest of all?
8) Do you know how to make a thermometer?
9) When does a material change its dimensions?
10) What does thermal expansion mean at the atomic level?
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Are these sentences true or false?

1. Once all the ice melts, the temperature of the water starts to rise.

2. Temperature isn’t related to the average kinetic energy of the particles
(atoms or molecules).

Heat is the amount of energy transferred to a system of particles.
Nothing can be cooled below - 300 °C.

There is only one way to measure temperature.

To make a thermometer, we fill a thin glass tube with water (some use
mercury, alcohol).

7. When a material is heated or cooled, it doesn’t change its dimensions.

o o1k w

B. Work with language
I. Put all possible questions to the following sentences.

1) In everyday language we use the terms «heat» and «temperature».
2) In physics they have different meanings.

3) Temperature is related to the average kinetic energy of the particles.
4) Heat is the amount of energy transferred to a system of particles.

5) We can call this level 0 °C.

6) To make a thermometer, we fill a thin glass tube with mercury.

7) We put a thermometer in the water.

Put the words into the right order. Check your answers with the text.

1) the |is | energy |a system| of | amount |of |particles |transferred |to| Heat

2) physics [In | have| different| meanings [they.

3) It [simply | for |is| convenience| human.

4) lower | matter| There is | a| physical |of |temperature| limit

5) If | cooled |in [shrinks| as| gradually [size |it |water |expected |is.

6) mercury|a|To |we [thin| with| tube| make| fill |a | glass [thermometer

7) asymmetry| The |average | of | leads to| a |the |atom |shift| in| position|
the| in| potential| the| energy| curve.

1. Guess the words:

1) alsce
2) ecloemul
3) mqbiilireuu
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4) nyexetirt
5) Cuessil

IV. Translate the following phrases into Russian and learn them:
Up to now, over many years, most recently, shortly after, every now

and then, most of the time, throughout the 20t century, within the next few
years, for a while, well before, from this time on, every now and then.

C. Activities
I. Prepare a presentation on simple physical experiments which you can
conduct at home (so there is the stuff you need on your hands).

Il. Be ready to present and discuss the experiment conducted at home with
your partner.
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Text 3. Thermal (heat) energy transfers

Heat, like gravity, penetrates every substance of the universe; its rays
occupy all parts of space. The object of our work is to set forth the
mathematical laws which this element obeys. The theory of heat will
hereafter form one of the most important branches of general
physics. Baron Jean-Baptiste-Joseph Fourier

PRE-READING
Give answers to the following questions:
1. “Prometheus stole fire and brought it to people”. Why was it so
important?
2. What human activities depend on energy?

Active vocabulary

Word Pronunciation Translation

absorb, v. /ab'za:b/ BIIMTBIBATh, IIOTJIONIATH, Syn. take
in

collision, n. /ka'lizon/ CTOJIKHOBEHHE

container, n. /kon'temar/ €MKOCTb, COCY/I, Tapa

convection, n. /kon'vekfon/ KOHBEKITHSI

cool, v. /ku:l/ oXJIaKIaTh, syn. chill

distant, adj. /" distant/ Jallekui, majapHui, Syn. far,
remote

electricity, n. /1 lek 'trisati/ AJIEKTPUICCTBO

electric heater

/1'lektrik "hi:tor/

AJEKTPUYECKUN HarpeBaTEIbHbIN
npudop, 3NEKTPOHArpeBaTeib

increase, V. /in ‘kri:s/ YBEIMYUBATH(CS1), TOBBIIIATH(CS)
metal, n. /'metal/ MeTaJLl
neighbor, n/adj. |/'neibar/ cocell, COCeTHHMA, OJTMKHUMA

radiation, n.

/ rerdi erfon/

paauanus, U3JIy4YeHue

ultimately, adv.

/' Altimotli/

B KOHIIE KOHIOB, B KOHEYHOM
utore, syn. finally

wood, n.

/wud/

JIepeBO, IPEBECUHA
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READING
Read and translate the text using a dictionary if necessary:

Heat transfer is the transfer of thermal energy from a higher
temperature object or system to another system, raising its temperature.
This process changes the thermal energy of both systems involved until
thermal equilibrium is reached. Thermal energy can be transferred from one
end of a material to the other or from one material to another through
conduction. It is also transferred indirectly by convection and radiation.

Conduction

Thermal energy can be transferred from one substance to another when
they are in direct contact. The moving molecules of one material can
increase the energy of the molecules of the other. Heat can also travel along
a material as one molecule transfers energy to a neighboring one.
Conduction is mainly seen with solid objects, but it can happen when any
materials come into contact. When you put your hand in a container of
warm water, you hand it heated by conduction from the water.

Some materials are better conductors of heat than others. For example,
metals are good conductors of heat, while a material like wood is not. Metal
heated on one end will soon be hot on the other end too, while that is not
true with a piece of wood. Good conductors of electricity are often good
conductors of heat. Since the atoms are closer together, solids conduct heat
better than liquids or gazes. This means that two solid materials in contact
would transfer heat from one to the other better than a solid in contact with
a gas or a gas with a liquid.

Convection

When a gas or a liquid is heated, hot areas of the material flow and mix
with the cool areas. Forced air heating and air conditioning are examples of
heating (or cooling) by convection. This is an effective way of bringing a
hot (or cold) fluid to a different area. Convection transfers heat over a
distance faster than conduction. But ultimately conduction must transfer the
heat from the gas to the other object, though molecular contact.

Radiation
A third method to transfer heat is by radiation. A warm or hot object
gives off infrared electromagnetic radiation, which can be absorbed in
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another object at some separation, heating it up. However, the heat transfer
only works in one direction. You cannot cool an object by radiation, as you
can with conduction or convection. Electric heaters use radiation to heat an
area. If a fan is added, the device uses both radiation and convection to heat
the area. Transfer of heat by radiation travels at the speed of light and goes
great distances, even in a vacuum. We are heated from the Sun through
radiation transfer of heat.

To summarize, thermal (heat) energy can be transferred from one
substance to another or one end of a material to the other through
conduction. Also it can be transferred indirectly by convection and
radiation. Atoms or molecules transfer kinetic energy to their neighbors
through collisions. When objects are in contact this transfers heat by
conduction. Liquids and gases can move high or low energy molecules to
another region through convection. Atoms can radiate energy that can
energize a distant atom, resulting in heat transfer by radiation.

(Adopted from www.school-for-champions.com)

A. Checking your understanding

I. Answer the following gquestions:
1) What problem is the passage deal with?
2) What is the main idea of the text?
3) Does the title of the passage adequately express the main idea?
4) Have you ever watched films about radioactive disasters? Which
one(s)?

Il. Review guestions:

1) Why would two solid materials in contact transfer heat better than a
solid in contact with a gas or a gas with a liquid?

2) What happens when a gas or liquid is heated?

3) What is the third method to transfer heat?

4) Can you cool an object by radiation? Why (not)?

5) How do atoms or molecules transfer Kkinetic energy to their
neighbors?
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I11. Look through the passage and fill in the blanks with the proper words.
We are heated from the Sun through transfer of heat.
However, the heat transfer only works in one :

Good conductors of are often good conductors of heat.

Heat transfer is the transfer of thermal energy from a higher

object or system to another system, raising its temperature.

5. When objects are in contact this transfers by conduction.

H~ow e

B. Work with language
I. Put all possible questions to the following sentences.
1) Conduction is mainly seen with solid objects, but it can happen when
any materials come into contact.
2) When you put your hand in a container of warm water, you hand it
heated by conduction from the water.
3) Atoms can radiate energy that can energize a distant atom, resulting in
heat transfer by radiation.
4) Thermal energy can be transferred from one substance to another
when they are in direct contact.
5) The moving molecules of one material can increase the energy of the
molecules of the other.

I1. Guess the words:
1) uidliq
2) toseparnia
3) rdioaaitn
4) crtaineno
5) yegner

[11. Match these words with their opposites:
A. local, temporary, general, concentrated, synthesized, outdated, deep,
pure, natural, simple, fast, exact, small
B. slow, complicated, global, up-to-date, vast, shallow, permanent, man-
made, diluted, decomposed, approximate, specific, contaminated.
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IV. Render the text into English:

I'enepau ot puzuxu

Uranesackuil pusuk Aneccanapo Bonbra, BeI3BaHHBIN B [laprk mo
BeJICHUI0 KOHCyJla @panuuu Hamoneona, aoKmaaeiBal O  CBOMX
UCCleIoBaHusAX mepen wieHamu ¢paniy3ckot Axamemun. CyliecTByeT
KapTHHa, n3o0paxaronias aoknaa Bonera nepen Hanosneonom.

Nurepec HamoneoHna k ero ucciegoBaHUsIM HE ObUT SMHU30IMYECKUM.
OH oceklman ero Harpajgamu, TUTyJdamu rpada, ceHaropa KOpOJEBCTBA
JlombGapackoro, yacto BcnomuHan gusuka. Ecau Bonbra oTcyTcTBOBaN Ha
KaKOM - HUOYy1b U3 NpUEeMOB, boHanapT HEMEIJIEHHO clipaluBall, He 00JIeH
nu yuenbiid. Korma B 1804 r. BosibTa pemui ObUI0 OCTaBUTH MPEIOjaBaHUe
B yHUBepcutere, HamoneoH, y3HaB 00 3TOM, pEIUTEIbHO BOCIPOTHUBUIICA:
"I He MoOry corjacuthCsi Ha OTCTaBKYy BonbTa; eciim ero TIrotar
00si3aHHOCTH TMpodeccopa, MOKHO COKPATHTh HUX; €CIU XO4YeT, IMYCTh
YUTAeT OJHY JICKIMIO B Tof. YHHBepcuTeT HaBuiickuii Oyner mopaxkeH
CMEpPTENbHO, KOT/Ia M3 CIUCKa €ro YICHOB HCKIIOUMTCS uMsi BonbTa.
[IpuTom, moOpsIil TeHepasl AOMKEH yMepeTh Ha moje dectu". ['eHepan ot
bu3uKH BHSUT MPOCKOE MMIIepaTopa U ocTayics Ha Kadeape.

Hanoneony nokmagpiBaii O HEKOTOPBIX CTpaHHOCTAX Bosbra. B
[lapmxe HeMallo yAMBISUINCH, BHUAS, KAaK OH €XEIHEBHO 3aXOWl K
OyJIOYHUKY, TTOKYITaJI OOJIBIIION XJIe€O W MEIJICHHO CXKEBBIBAJ €T0 MPsIMO Ha
yJIHIIe, TIOTPYKEHHBIN B pa3ayMbs, U, HEe oOpalas HUKaKOTO BHUMAaHHS Ha

IIPOXOXKUX.
(Adopted from )

C. Activities

Think and talk about:
1) Heat and energy. What interrelation is there between them?
2) Great discoveries in the field came from experimental practice and
not vice versa. Why? Give examples.
3) Do you know Galileo to have constructed the first air-expansion
thermometer? Find information about it.
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UNIT 3. PHYSICS OF WAVES, ELECTRICITY AND MAGNETISM
Text 1. Sound and light

PRE-READING

Boss: | just heard that light travels faster than

sound. I'm wondering if I should shout when | speak,

so that my lips appear to sync-up with my words.

Dilbert (thought): I little knowledge can be a ridiculous thing.

Scott Adams

Before reading the passage, read its headline and say what you know about

it. Discuss it with your partner. Then read the passage and find the facts

supporting your knowledge.

Active vocabulary

Word Pronunciation Translation
advanced, adj. /ad'va:nst/ TIPOTPECCUBHBIN,
IIPOJIBUHYTHIN, syn.

developed, progressive

comprehend, v.

/ kompr1 hend/

NOHUMATh, syn. understand

detectable, adj. /d1'tektobl / OOHapYKUMBIH,
JNETEKTUPYEMBIN

dim, adj. /dim/ TYCKJIBIH, Hesspkuid, syn. dull,
wan

frequency, n. /' fri:kwansi/ 4acToTa

insect, n. /'msekt/ HACEKOMOE

light, n. /lart/ CBET

mammal, n. /'maemol/ MJIEKOITUTAIOIIIEE

perceive, V. /pa’si:v/ BOCIIPUHUMATh, pa3inyaTh

pitch, n. /prtf/ BbICOTA (TOHA, 3ByKa)

realm, n. /relm/ obnacth, cdepa, syn. area,
field

reptile, n. /'reptail/ IIPECMBIKAIOIIEECs

significant, adj. /s1g ' nrfikont/ BaXKHBIH, 3HAYUTEILHBIN,

syn. important, sufficient

sound, n.

/sauvnd/

3BYK

tone, n.

/tavn/

3BYK, TOH
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vibration, n. /var breifon/ BUOpanus

visible, adj. /'vizabl/ BUJUMBINA, 3pUMBIH, Syn.
visual

READING
Read and translate the text using a dictionary if necessary:

Physics is a specific area of study in the field of science that focuses on
the makeup and properties of both energy and matter, as well as how the
two interact together. The most basic and significant matters in physics are
the study of light and sound. A lot of more advanced principles and studies
in the realm of physics lead back to general knowledge about the way both
of these function. One of the most important facts to understand about both
light and sound is that both are forms of energy that move in waves. While
they are both forms of energy that travel in the form of waves, there are
vital differences between sound waves and light waves.

Sound and light travel at significantly different speeds. Light waves
move at speeds that are nearly one million times faster than sound waves
are capable of traveling. Light waves are capable of moving through empty
space at speeds of around 186,000 miles (or 299,792,458 meters) per
second. This is faster than most humans can even begin to comprehend.
This is also the reason behind the expression, «faster than the speed of
light». In the field of physics, the term «light» is usually used to refer to
electromagnetic radiation.

However, there are various other types of light. Other forms of light
include infrared light, ultraviolet light and light that is visible to humans,
known as visible light. Each type of light has different wave length
frequencies, some being high and some being low. The frequency of the
light determines if it is detectable by the human eye, although humans are
capable of seeing different types of wave lengths than other species. Insects
such as bees and spiders, for instance, are capable of viewing ultraviolet
light, while reptiles like snakes can view some infrared lights. Some
mammals, like monkeys, are capable of seeing the same light as humans.
Others, like dogs, see similar light but view fewer colors that are a lot
dimmer than humans perceive them to be. Dogs often perceive light and
colors as a dull yellow, blue or gray. The main key to understanding light is
in realizing that light is all around, in many forms, although humans are
simply unable to view most types with their eyes alone.
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Sound waves are much different than light waves in the manner in
which they travel. Sound waves move much slower than light waves at
speeds of about 1,125 feet (about 340 meters) per second. Sound waves are
also different in the sense that they travel through any type of substance,
whether solid, liquid or gas, whereas light travels best through empty space.
When sound waves hit materials, they cause vibrations. These vibrations are
either high frequency or low frequency. Low frequency sound waves
produce low tones while high frequency waves create high-pitched tones.

When the frequency of the sound waves changes, it creates a change of
pitch in the sound that is heard by the human ear. As with light waves, the
level of sound wave frequencies that can be perceived is dependent upon the
capability of the species body. Humans are actually not among the greatest
hearing species in the world. Human ears are only capable of hearing
frequencies of about 20 kilohertz (a form of measuring frequencies), while the
species that is known to have the highest capability of hearing, the Greater
Wax Moth, can hear frequencies of around 300 kHz. As with light waves, it is
also important to remember that sound waves are everywhere, despite the fact
that human ears are incapable of hearing many sounds.

Understanding the speed of light and sound, the way they travel and
how they both operate is vital knowledge to have when it comes to pursuing

more complex subjects in physics such as radiation and atoms.
(Adopted from www.boogeylights.com)

A. Checking your understanding
I. Give answers to the following questions:
1) What are basic and significant matters in physics to study?
2) What are the vital differences between sound waves and light waves?
3) Are there some other types of light? Can you name them?
4) What is peculiar about different animals™ ability to view some
types of light? Give examples.
5) What happens when sound waves hit materials?
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Il. There are several definitions in the text. What are they? Complete the
sentences with appropriate words (in some sentences you need more than 1
word).

1) ... - a specific area of study in the field of science that focuses on the
makeup and properties of both energy and matter, as well as how the
two interact together.

2) ...... - both forms of energy that travel in the form of waves.

3) ... ... - are only capable of hearing frequencies of about 20 kilohertz.

4) ... determines if it is detectable by the human eye, although humans
are capable of seeing different types of wave lengths than other
species.

I11. Are these sentences true or false?

1) When the frequency of the sound waves changes, it creates a change
of pitch in the sound that is not heard by the human ear.

2) Each type of light has different wave length frequencies.

3) Humans are among the greatest hearing species in the world.

4) Both light and sound are forms of energy that move in waves.

5) The level of sound wave frequencies that can be perceived is
dependent upon the capability of the species body.

B. Work with language

I. Match each word in A with its synonym in B.

A. to reverse, to conform, multitude, to occur, to come into being , relic,
evidence, moment

B. something surviving from the past, proof, to happen, a great number, to
turn in an opposite direction, instant, to correspond, to originate.

Give English equivalents:

a. 9acTOTa CBETOBOI BOJIHBI
b. BBI3BIBaTH BUOpAIIUHU

C. MH(ppaKpacHOE U3IyUEHUE
d. ’Ku3HEHHO HEOOXOaMMBIE 3HAHUS
e

f.

g

h

I.

J.

. (popMBI FHEPTUU
yIBTPa(PUOIETOBOE U3ITyUCHUE
. 3aBHCETh OT arperaTHOr0 COCTOSHUS BEIEeCTBA
. OTI03HABaEeMBbIH YEIIOBCUCCKUMU TIIa3aMHU
BH/IbI )KUBOTHBIX
yCTOE MPOCTPAHCTBO
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I11. Guess the words:

1)  dpees
2)  nisstec
3) locro
4)  iglth

5)  cbusentsa

IV. Translate this text into Russian (in writing) and suggest your own title
for the text.

At the end of the nineteenth century, the teenager Albert Einstein read
a book series by Aaron Bernstein discussing the speed of light. The book
asked what would happen if an observer moved at the same speed as light.
Einstein thought much about the issue, and in particular, asked himself what
kind of electromagnetic field he would observe in that case. Einstein later
explained that this experiment convinced him already at that young age that
nothing could travel at the speed of light, since the field observed would
have a property not found in nature. Can you find out which one he meant?

Riding on a light beam situation would have strange consequences:
You would have no mirror image, like a vampire.

Light would not be oscillating, but would be a static field.

Nothing would move, like in the tale of sleeping beauty.

But also at speeds near the velocity of light observations would be
interesting. You would:

see a lot of light coming towards you and almost no light from the

sides or from behind; the sky would be blue/white in the front and

red/black behind;

observe that everything around happens very very slowly;

experience the smallest dust particle as a deadly bullet.

Can you think of more strange consequences? It is rather reassuring
that our planet moves rather slowly through its environment, when

compared to the speed of light.
(Adopted from www.universe-physics.blogspot.com )
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V. Render the text from Russian into English:

CrpanHocTu AMnepa

Awmriep OblI 4pe3BBIYANHO paccesiH, MPEeANOYUTall OJIMHOYECTBO, UMEI
HENPUATHYIO U1 APYTUX MPUBBIUKY NPOCTOLYIITHO TOBOPUTH BCE, YTO 3HAJL.
OH ObLI OJIU30PYKHUM C JIETCTBA.

OpnHaxapl, yXOad U3 TOCTEW, OH NEpeIyTal HUISIIbl U HaJel BMECTO
CBOCH KpYIVIOW TPEYTOJbHYIO, INPHUHALICKABIIYI0O KAKOMY-TO BaXHOMY
JTyXOBHOMY JiMIly. ECTECTBEHHO, HAa APYrOM JI€Hb OH C U3BUHEHUSIMU OTHEC
ee Biaaenblly. Ho Bce mocunTtanu 3T0 HE pacCesHHOCThIO, a 00AyMaHHBIM
IIOCTYIIKOM, MIMEBILIMM LEIBIO 3aBECTH ITOJIE3HOE 3HAKOMCTBO.

AMnep He 3Hajl TOTo, 4TO OH OJM30pyK. Emy Kazanoch B mOpsiike
BEILEH, YTO NPEAMEThl YK€ Ha HEOOJIBILIOM YJaJ€HUU TEPSIOT YETKHUE
OYEpTaHMS, CTAHOBATCA pPa3MbITBIMU. OJHaXIbl OH €Xal B KapeTe C
YeJIOBEKOM, KOTOpBIN TOke ObUl OJM30pPYK, HO HOCHUI OYKH. BeposiTHO,
BHUJIS, KaK LIyPUTCS MOJIOAOW YEJIOBEK, OH IMPEIJIOKUI €MY HAJETh CBOU
ouku. U TO, 4TO yBUAEN CKBO3b HUX AMIIEp - YETKUN KPACOYHBIA MUD, - TAK
MIOTPSCIIO €T0, YTO OH PACIIAKAJICS.

bnuzopykocteio Ammepa 0€3:KaJlOCTHO MOJIb30BAJIUCh IIKOJIBHUKH,
KOTOPBbIX OH yuui. MX 3a0aBisiio, 4TO yUUTENb MUCATT HE KUCTHIO PYKH, KaKk
BCE, a JieJiaJl 3TO BCEe PyKOW U CMENIHO U3rudancs npu 3ToM. Buss, uyto ux
IpernoiaBaTesib MUUIET MOKpPyIHee, YTOObl ObLIO BUIHO BCEM, JETH CTaJH
NPUKUJIBIBATHCS OJM30PYKUMH U MPOCUTH, YTOOBI OH MHUCAN €Ille KPYIIHEe.
Huuero He nogo3peBaBinii Ammnep Aomiea A0 TOro, YTo Ha OOJIBIION T0CKe
MIACAII BCETO OJHO CJIOBO.

bynyun Ha nekuuu, AMnep MOr CIyTaTh TPANKY, KOTOPOM CTHPAIOT
MeJ, C HOCOBBIM IJIaTKOM. AMIiep ObUT Ype3BbIYAITHO JIETKOBEPEH, U €ro
4acTO Pa3bIrPhIBAJIM, PACCKA3bIBASI COBEPILIEHHO HEBEPOSTHBIE UCTOpUU. OH
BEPUJI UM - HO HE IO TIIyNIOCTH, a, KAK TOHKO 3aMETUJI OJUH U3 €0 IPY3€eH,
OTOMY YTO JIETKOBEpHE €ro ObLIO IMJI0JI0M BOOOpaKEHUSI U T€HUAIBbHOCTH.
B nmro6oii Hecypa3HOCTH, B KaXyIIeHCcs OECCMBICIEHHOCTH OH MAIlIMHAIBHO
HaxOAWJI KaKOU-TO MOPAIOK, KAKYIO-TO TOJIBKO €EMY BEIOMYIO TApMOHHIO.

Pazymeercsi, 3T0 Ka3ajgoch 3a0aBHBIM JIIOJSAM MOCPEJICTBEHHBIM U
3aBUCTIIMBBIM, HO MMEHHO IO3TOMY HE MM, a AMIIEpY yAaJOCh YBUACTH

HOBBIC 3aKOHBI TaM, TJI€ UX HE BUJIEII HUKTO.
(Adopted from www.interesnyjfakt.ru )

VI. Translate the following text from English into Russian:

Thomas Edison was born in 1847. He first went to school at the age of
eight and a half. But after only three months his teacher called him «stupid»
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and he came home crying. From that time his mother taught him at home
and he read science books by himself. He got a job sending telegraph
messages. Then he started inventing things.

At the age of 12 he had a job selling newspapers. He made money in a
clever but simple way. He checked the news stories first. When the news was
interesting he took a lot of papers; when it was boring he took only few.

In 1877 he made a «phonograph» — the first ever sound recorder. The
following year he invented the light bulb. In 1882 New York was the first
city in the world with electric lights. In 1889 he made a «kinetoscope». He
also made films for his new machine. In 1903 he made the world's longest
film (It was ten minutes long!). After more than one thousand inventions,
Edison died at the age of eighty-four. In his honor they switched off the
lights all over America.

(Adopted from www.alleng.ru )

C. Activities
I. Make up a presentation for 5 min on biography/amazing facts about
prominent scientists (Albert Einstein, Isaac Newton, Pierre and Marie
Curie, etc.).

1l. Be prepared to present an oral report.
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Text 2. Properties of waves

PRE-READING

«Life is a wave, which in no two consecutive

moments of its existence is composed of the same

particles» John Tyndall

Ask and discuss the following questions in pairs/groups

1. What makes a wave a wave?
2. What characteristics, properties, or behaviors are shared by
the phenomena that we typically characterize as being awave?
3. How can waves be described in a manner that allows us to understand
their basic nature and qualities?

Active vocabulary

Word Pronunciation Translation
alternate, v. /"a:1tonert/ 4epeI0BaThCs
amplitude, n. /"@mplitju:d/ aMILTATY/1a
coil, n. /ko1l/ BHUTOK; KaTyIlIKa
crest, n. /krest/ rpeOeHb (BOJTHBI)
compression, n.  |/kom'prefon/ CoKaTue
dashed line /deeftlamn/ MYHKTHPHAS JIMHUS
density, n. /' densiti/ IJIOTHOCTb, YACIbHAs Macca
displace, v. /d1'splers/ BBITCCHSATD, 3aMECHSTb, syn.
dislodge

disturbance, n.

/d1'st3:bans/

HapymICcHHEC IIOKO, BOJTHCHHA

exhibit, v. /1" z1brt/ BBICTABIIATh, ITOKa3bIBaTh, SYN.
show, present

horizontal, adj. |/ hor1'zontal/ TOPU30HTAIILHBIN

perpendicular, / p3:pan’dikjoulor/ TIEPIICH UK Y ISTPHBINA

adj.

rarefaction, n. /rear'feekon/ paspexeHue

rest position

/rest po'zifon/

ITOJOXXCHHUC ITOKOA

rope, n.

/raup/

BCpPCBKaA, KaHaT

spatial repetition

/'sperfal repr tifon/

IMPOCTPAHCTBCHHOC IIOBTOPCHUC

transverse, adj.

/treenz ' v3:s/

nonepeyHas

trough, n.

/trof/

10/1011Ba (BOJIHBI)
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wavelength, n. /'wervlen6/ JUIMHA BOJIHBI

READING
Read and translate the text using a dictionary if necessary:

A transverse wave is a wave in which the particles of the medium are
displaced in a direction perpendicular to the direction of energy transport. A
transverse wave can be created in a rope if the rope is stretched out
horizontally and the end is vibrated back-and-forth in a vertical direction. If
a snapshot of such a transverse wave could be taken so as to freeze the
shape of the rope in time, then it would look like the following diagram.

A cnf:\\“H

D

Chﬁﬁfﬂ@s/ﬂ]

The dashed line drawn through the center of the diagram represents the
equilibrium or rest position of the string. This is the position that the string
would assume if there were no disturbance moving through it. Once a
disturbance is introduced into the string, the particles of the string begin to
vibrate upwards and downwards. At any given moment in time, a particle
on the medium could be above or below the rest position. Points A, E and H
on the diagram represent the crests of this wave. The crest of a wave is the
point on the medium that exhibits the maximum amount of positive or
upward displacement from the rest position. Points C and J on the diagram
represent the troughs of this wave. The trough of a wave is the point on the
medium that exhibits the maximum amount of negative or downward
displacement from the rest position.

The wave shown above can be described by a variety of properties.
One such property is amplitude. The amplitude of a wave refers to the
maximum amount of displacement of a particle on the medium from its rest
position. In a sense, the amplitude is the distance from rest to crest.
Similarly, the amplitude can be measured from the rest position to the
trough position. In the diagram above, the amplitude could be measured as
the distance of a line segment that is perpendicular to the rest position and
extends vertically upward from the rest position to point A.
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The wavelength is another property of a wave that is portrayed in the
diagram above. The wavelength of a wave is simply the length of one
complete wave cycle. If you were to trace your finger across the wave in the
diagram above, you would notice that your finger repeats its path. A wave is
a repeating pattern. It repeats itself in a periodic and regular fashion over
both time and space. The length of one such spatial repetition (known as a
wave cycle) is the wavelength. The wavelength can be measured as the
distance from crest to crest or from trough to trough. In fact, the wavelength
of a wave can be measured as the distance from a point on a wave to the
corresponding point on the next cycle of the wave. In the diagram above,
the wavelength is the horizontal distance from A to E, or the horizontal
distance from B to F, or the horizontal distance from D to G, or the
horizontal distance from E to H. Any one of these distance measurements
would suffice in determining the wavelength of this wave.

A longitudinal wave is a wave in which the particles of the medium are
displaced in a direction parallel to the direction of energy transport. A
longitudinal wave can be created in a slinky if the slinky is stretched out
horizontally and the end coil is vibrated back-and-forth in a horizontal
direction. If a snapshot of such a longitudinal wave could be taken so as to
freeze the shape of the slinky in time, then it would look like the following
diagram.

Because the coils of the slinky are vibrating longitudinally, there are
regions where they become pressed together and other regions where they
are spread apart. A region where the coils are pressed together in a small
amount of space is known as a compression. A compression is a point on a
medium through which a longitudinal wave is traveling that has the
maximum density. A region where the coils are spread apart, thus
maximizing the distance between coils, is known as a rarefaction. A
rarefaction is a point on a medium through which a longitudinal wave is
traveling that has the minimum density. Points A, C and E on the diagram
above represent compressions and points B, D, and F represent rarefactions.
While a transverse wave has an alternating pattern of crests and troughs, a

61



longitudinal wave has an alternating pattern of compressions and
rarefactions.

As discussed above, the wavelength of a wave is the length of one
complete cycle of a wave. For a transverse wave, the wavelength is
determined by measuring from crest to crest. A longitudinal wave does not
have crest; so how can its wavelength be determined? The wavelength can
always be determined by measuring the distance between any two
corresponding points on adjacent waves. In the case of a longitudinal wave,
a wavelength measurement is made by measuring the distance from a
compression to the next compression or from a rarefaction to the next
rarefaction. On the diagram above, the distance from point A to point C or
from point B to point D would be representative of the wavelength.

(Adopted from www.physicsclassroom.com)

A. Checking your understanding

I. Give answers to the following questions:
1. What is a wavelength?
2. How can the wavelength be determined?
3. What types of waves are you familiar with?
4. Can you give their definitions and note the main features?
5. What is peculiar about the regions of a coil?

Il. There are several definitions in the text. What are they? Complete the
sentences with the appropriate word(s).

1. A Is a wave in which the particles of the medium are
displaced in a direction perpendicular to the direction of energy
transport.

2. The length of one such spatial repetition (known as a wave cycle) is
the

3. A Is a point on a medium through which a longitudinal wave
Is traveling that has the maximum density.

4, A Is a wave in which the particles of the medium are
displaced in a direction parallel to the direction of energy transport.

5 A Is a point on a medium through which a longitudinal wave

Is traveling that has the minimum density.
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1. Are these sentences true or false?

1.

The wavelength can always be determined by measuring the distance
between any two corresponding points on adjacent waves.

A region where the coils are pressed together in a small amount of
space is known as a compression.

A transverse wave can be created in a rope if the rope is stretched out
vertically and the end is vibrated back-and-forth in a horizontal

direction.

While a longitudinal wave has an alternating pattern of crests and
troughs, a transverse wave has an alternating pattern of compressions

and rarefactions.
A region where the coils are spread apart, thus maximizing the
distance between coils, is known as a rarefaction.

B. Work with language
. Match each word in A with its antonym in B.

A. conventional, relic, rigidity, to contract, to disagree, expansion,
meaningful

B. uncommon, modern, flexibility, meaningless, contraction, to conform,
to expand

I1. Give Russian equivalents to the following phrases:

!—‘

© oo N Ok WD

the cycle of the wave

the particles of the string

the maximum density

to be spread apart

to freeze the shape

the shape of the slinky

the diagram represent the troughs

begin to vibrate upwards and downwards
. be described by a variety of properties

10 the rope is stretched out horizontally
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I11. Guess the words:
1) retsc
2) vewaletnhg
3) shosptna
4) icol
5) adigrma

IV. Read, translate and give the title to this article:

Light is, in general, a mixture of wavelengths. As a result, light
wavelength or frequency are not sufficient to describe color. Color experts
call hue that aspect of color that matches most closely the change with
wavelength. But every color has two additional characteristics. For
example, any given color can be bright or dark; brightness is a second,
independent property of color. A third independent property of color is its
saturation; it expresses how strongly a color differs from white. A strongly
saturated color is the opposite of a pale or weakly saturated color.

Human color space is three-dimensional. Humans are trichromatic.
Every color we see is described by three independent parameters, because
the human eye has three types of cones, thus three types of color-sensitive
cells. At least three parameters that can be varied. A modern artist, Tauba
Auerbach, even produced a beautiful book version of the color space. The
number three is also the reason that every display has at least three different
types of pixels. These three parameters do not need to be hue, saturation and
brightness value. They can also be taken to be the intensities of red, green
and blue. Many other color properties can be used to describe color, such as
lightness, chroma, purity, luma and others. Also descriptions with four and
more parameters — which then are not independent from each other — are
used, especially in the printing industry.

Many birds, reptiles, fish and various insects have four-dimensional
color spaces that include the ultraviolet; butterflies and pigeons have five-
dimensional color spaces, and other bird species have even higher-
dimensional color spaces. Mantis shrimps possibly have the most complex
eyes in the animal kingdom, with up to twelve-dimensional color spaces. In
contrast to humans and apes, most mammals have only two-dimensional
color spaces. Also color-blind persons can have lower-dimensional color
spaces. In other terms, the number of dimensions of the perceived color
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space is not a property of light, nor a property of nature, but a specific
property of our human eyes.

Colors in nature and colors perceived by humans differ. There is no
color space in nature. Colors in nature and colors in human perception differ
In an additional way, discovered by linguists. In human language, colors
have a natural order. All people of the world, whether they come from the
sea, the desert or the mountains, order colors in the following sequence: 1.
black and white, 2. red, 3. green and yellow, 4. blue, 5. brown, 6. mauve,
pink, orange, grey and sometimes a twelfth term that differs from language
to language. (Colors that refer to objects, such as aubergine or sepia, or
colors that are not generally applicable, such as blond, are excluded in this
discussion.) The precise discovery is the following: if a particular language
has a word for any of these colors, then it also has a word for all the
preceding ones. The result also implies that people use these basic color
classes even if their language does not have a word for each of them. These

strong statements have been confirmed for over 100 languages.
(Adopted from www.motionmountain.net)

V. Render this text from Russian into English:

Du3MKa CIMUIKOM TPYAHA 1 PU3HKOB

Korga M. Bopu u B. I'eit3enOepr cTtpousin MaTpUuHYIO KBaHTOBYIO
MEXaHUKY, Y HUX BO3HUKJIU 3aTPyAHCHUS, 1 OHU OOPATHIIUCHh K MAaTEMATUKY
. I'msbepty. Bot uto oH ckazan. Korga emy nmpuxoauiaoch UMETh JENO C
MaTpUIlaM{, OHU TOJYYJIUCh Yy HETO B KadyecTBE MOOOYHOIO MPOAYKTa
COOCTBEHHBIX 3HAUCHHMI HEKOW KpaeBoul 3amauu s AuddepeHnantbHoro
YpaBHEHUS.

J. TuneOepT ® TMMOCOBETOBAN TMOUCKATh ypaBHEHUE, KOTOPOE,
BO3MO’KHO, CTOUT 32 3TUMHU MarpuiiamMu. He uckitoueHo, HamyTCTBOBAJI OH
MOJIOJBIX (DPU3HKOB, BaM OTKPOETCS HeuTO uHTepecHoe. Ho oHu He BHsUH
COBETY, COUTS 3TO OCCTOJIKOBOW HACEH, MOPEIINB, YTO BEIUKUN MaTeMaTHK
YEro-To He MOHUMAET. A yepe3 HeCKobKo mecdaleB J. llpenunrep BeiBen
3HAMEHUTOE BOJIHOBOE YypaBHEHWE, SBUBIIEECS JPYTAM BapUAHTOM
KBAHTOBBIX OMMCAHUU.

Teneps npunuio Bpemst nocmesnthes . ['minb0epTy, KOTOPBINA 3aMeTHlI,
4TO €ciii Obl ero MOCIyIIajid, TO YpaBHEHUE OTKPBUIM Obl, 1O KpanHEu
Mepe, Ha IT0Jro/1a panbie. "BugHo, - 3aKIIF0YMI OH, - (DU3HUKa CIUIIIKOM
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cioxHa 1 puznukoB". Y nobasmi: "dusuka 10CTaTOUHO CEPhE3HAS HAYKA,

4TOOBI OCTABIIATH €€ (hu3nuKam".
(Adopted from www.nplit.ru.)

C. Activities
I. Look at the diagrams below.

I1. Make a short plan noting the main points you are going to explain to
your partner. There are some useful phrases: according to..., it would be
wise/necessary to mention..., for instance, as for..., to make sure..., another
point is that... ,in addition..., etc.

I11. Present your explanation of the diagrams orally using only a plan.

A/C’T:\\o“
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Text 3. Electromagnetic forces and fields

PRE-READING

«lIs it a fact — or have | dreamt it — that, by means of
electricity, the world of matter has become a great nerve,
vibrating thousands of miles in a breathless point of time?»

Nathaniel Hawthorne

In a small group discuss these problems and make notes of your

main points. Then share opinions.

1) Any wall plug is a dipole driven by an alternating electric field. Why
does not a wall plug, delivering 230 V or 100 V at 50 Hz or 60 Hz,
radiate electromagnetic fields?

2) Why does a voltage transformer contain a ferromagnetic core?

3) Are there electromagnetic motors in biological systems?

Active vocabulary

Word Pronunciation Translation
acceleration, n. | /ak sela'rerfon/ YCKOpEHHUE
ammeter, n. /" @mi:tar/ amIepMeTp
axis, n. /" &ksis/ 0oCh
current, n. /' karant/ TOK

centripetal force

/ sentr1 pi:tal fois/

LIEHTPOCTPEMUTEIbHAS CUJIa

device, n.

/d1'vais/

YCTPOMCTBO,
npucrocobieHue, syn. gadget

galvanometer, n.

/ geelva'namit ar/

rajJbBaHOMETP

generator, n.

/"dzenarertor/

TeHepaTop

grasp, V. /gra:sp/ CXBAaTbIBATh, COKUMATh, SyN.
grab, clutch, seize

magnetite, n. /' megnitait/ MarHeTUT, MarHUTHBIN
KEIIC3HSIK

motor, n. /' moutar/ JBUTATEIb, MOTOP

plane, n. /plem/ MJIOCKOCTh

radius, n. /'rerdias/ paanyc

resistor, n. /r1'z1stor/ PE3UCTOp, KaTyIIIKa
COIPOTHBIICHUS

sensitive, adj. /'sensitrv/ qYBCTBUTEIILHBIN
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solenoid, n. /"saulonoid/ COJIEHOW I
spectrometer, n. |/spek tromitor/ CHEKTPOMETP

thumb, n. /0Am/ OOJIBIIION maJIel]
toroid, n. /taroid/ TOPOM]T

torque /to:rk/ BpAIlalOIIUi MOMEHT
voltmeter, n. /"voult mi:tor/ BOJIETMETP
READING

Read and translate the text using a dictionary if necessary:

The magnetic field of naturally occurring magnetite is too weak to be
used in devices such as modern motors and generators; these magnetic
fields must come from electric currents. Magnetic fields affect moving
charges, and moving charges produce magnetic fields; therefore, the
concepts of magnetism and electricity are closely linked to each other.

Magnetic fields and lines of force

A bar magnet attracts iron objects to its ends, called poles. One end is
the north pole, and the other is the south pole. If the bar is suspended so that
it is free to move, the magnet will align itself so that its north pole points to
the geographic north of the earth. The suspended bar magnet acts like a
compass in the earth's magnetic field. If two bar magnets are brought close
together, the like poles will repel each other, and the unlike poles attract
each other. This magnetic attraction or repulsion can be explained as the
effect of one magnet on the other, or it can be said that one magnet sets up a
magnetic field in the region around it that affects the other magnet. The
magnetic field at any point is a vector. The direction of the magnetic field
(B) at a specified point is the direction that the north end of a compass
needle points at that position. Magnetic field lines, analogous to electric
field lines, describe the force on magnetic particles placed within the field.
Iron filings will align to indicate the patterns of magnetic field lines.

Force on a moving charge

If a charge moves through a magnetic field at an angle, it will
experience a force. The equation is given by F=q v X B or F =qvB sin 0,
where q is the charge, B is the magnetic field, v is the velocity, and 0 is the
angle between the directions of the magnetic field and the velocity; thus,
using the definition of the cross product, the definition for the magnetic

. -
fieldis ¥ = Zosno,
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Magnetic field is expressed in Sl units as a tesla (T), which is also

called a weber per square meter:
r=¥b__N _N

m. Cmls. Am
~The dir_ecEiqn of F is found from the right-hand rule, shown in Figure 1. Using the right-hand rule you
can find the direction of magnetic force on a moving charge.

To find the direction of the force on the charge, with a flat hand point
your thumb in the direction of the velocity of the positive charge and your
fingers in the direction of the magnetic field. The direction of the force is
out of the palm of your hand. (If the moving charge is negative, point your
thumb opposite to its direction of motion.) Mathematically, this force is the
cross product of the velocity vector and the magnetic field vector.

If the velocity of the charged particle is perpendicular to the uniform
magnetic field, the force will always be directed toward the center of a
circle of radius r, as shown in Figure 2. The x symbolizes a magnetic field
into the plane of the paper - the tail of the arrow. (A dot symbolizes a vector
out of the plane of the paper - the tip of the arrow.)

B. ﬁ\*
[ ® %o
-\ / |
e S “The magnetic force provides centripetal

acceleration:

FFELT

m

F=quB="2- ,or 7~ "% The radius of the path is proportional to the mass
of the charge. This equation underlies the operation of amass spectrometer,
which can separate equally ionized atoms of slightly different masses. The
singly ionized atoms are given equal velocities, and because their charges
are the same and they travel through the same B, they will travel in slightly
different paths and can

then be separated.

Force on a current-carrying conductor

Charges confined to wires can also experience a force in a magnetic field. A
current (I% In a magnetic field (B) experiences a force (F) given by the equation F =1 | x
B or F = IIB sin 0, where 1 is the length of the wire, represented by a vector pointing in
the direction of the current. The direction of the force may be found by a right-hand rule
S|mear to the one shown in Figure above. In this case, point your thumb in the direction
of the
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current - the direction of motion of positive charges. The current will
experience no force if it is parallel to the magnetic field.

Torque on a current loop

A loop of current in a magnetic field can experience a torque if it is
free to turn. Figure (a) depicts a square loop of wire in a magnetic field
directed to the right. Imagine in Figure (b) that the axis of the wire is turned
to an angle (0) with the magnetic field and that the view is looking down on
the top of the loop. The x in a circle depicts the current traveling into the
page away from the viewer, and the dot in a circle depicts the current out of
the page toward the viewer.

A F, a
B, T %
br O0—5—®
(
B, ‘
Y F.Y
{d—u —P‘
(a) (b) (c)
Figure 3

(@) Square current loop in a magnetic field B. (b) View from the top of the current
loop. (c) If the loop is tilted with respect to B, a torque results.

The right-hand rule gives the direction of the forces. If the loop is pivoted, these
forces produce a torque, turning the loop. The magnitude of this torque ist = NI A x B,
where N is the number of turns of the loop, B is the magnetic field, | is the current, and
A is the area of the loop, represented by a vector perpendicular to the loop.

Galvanometers, ammeters, and voltmeters

The torque on a current loop in a magnetic field provides the basic principle of the
galvanometer, a sensitive current-measuring device. A needle is affixed to a current coil
- a set of loops. The torque gives a certain deflection of the needle, which is dependent
upon the current, and the needle moves over a scale to allow a reading in amperes.

An ammeter is a current-measuring instrument constructed from a galvanometer
movement in parallel with a resistor. Ammeters are manufactured to measure different
ranges of current. A voltmeter is constructed from a galvanometer movement in series
with a resistor. The voltmeter samples a small portion of the current, and the scale
provides a reading of potential difference — volts between two points in the circuit.
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Magnetic field of a long, straight wire

A current-carrying wire generates a magnetic field of magnitude B in circles around the wire. The
equation for the magnetic field at a distance r from the wire is

_ Wt _
R 27tr, Where | is the current in the wire and p (the Greek letter mu) is
the proportionality constant. The constant, called the permeability constant,
m

has the value #-=4mx10 77

) The direction of the field is given by a second right-hand rule, shown in Figure 4. Using the second
right-hand rule you can determine the direction of the magnetic field resulting from a current.

)

b

Grasp the wire so that your thumb points in the direction of the current.
Your fingers will curl around the wire in the direction of the magnetic field.

Ampere's law

Ampere's law allows the calculation of magnetic fields. Consider the circular path around
the current. The path is divided into small elements of length (A 1). Note the component of B
that is parallel to | and take the product of the two to be B || I. Ampere's law states that the sum
of these products over the closed path equals the product of the current and p ,

Magnetic fields of the loop, solenoid, and toroid
A current generates a magnetic field, and the field differs as the current is shaped into (a) a loop,

(b) a solenoid ([a Iongf_con of wire), or ((é)' a toroid 1(a donut-shaped coil of Wireg). The equations for the
magnitudes of these Tields follow. The direction of the field in each case can be found by the second
right-hand rule. Figure 5 illustrates the fields for these three differentconfigurations.
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By = i 2 -~
——. A NNINAT
o
\“\;‘f/ par .:J;;:rlgigth
(a) (b) le)
Figure 5

Magnetic field resulting from (a) a current loop, (b) a solenoid, and (c) a toroid.
a) The field at the center of a single loop is given by # =« where r
Is the radius of the loop.
b) The field due to a solenoid is given by B = o NI, where N is the
number of turns per unit length.
c) The field due to a toroid is given by #=u:53% , where R is the radius

to the center of the toroid.
(Adopted from www.cliffsnotes.com)

A. Checking your understanding
I. Give answers to the following questions:
1. Why are magnetism and electricity closely linked to each other?
2. What are the ammeter, voltmeter and galvanometer?
3. Which types of magnets are you familiar with? What are their
peculiarities?
4. When do we use the right-hand rule? What does it state?
5. Which law allows the calculation of magnetic fields?

I1. There are several definitions in the text. What are they? Complete the
sentences with the appropriate word(s).
1. A bar magnet attracts iron objects to its ends, called
2. One end is the , and the other is the
3. Magnetic field is expressed in Sl units as a (T).

4 An is a current-measuring instrument constructed from a galvanometer movement in parallel with a resistor.

5. The magnetic field at any pointis a
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[11. Are these sentences true or false?

1. If two bar magnets are brought close together, the like poles will
attract each other, and the unlike poles repel each other.

2. A current generates a magnetic field, and the field differs as the
current is shaped into a loop, solenoid, toroid.

3. Magnetic field lines, not analogous to electric field lines, describe the
force on magnetic particles placed within the field.

4. A loop of current in a magnetic field can experience a torque if it is
free to turn.

5 The direction of the force may be found by the left-hand rule.

IV. Think and answer.

In summary, the electromagnetic field carries energy, linear momentum
and angular momentum. It is thus appropriate to say that the
electromagnetic field moves. The motion of the electromagnetic field can be
visualized as the motion of its electric and its magnetic field lines. The
motion of the electromagnetic field is described by a least action principle.
The motion conserves energy and momentum. The motion is continuous,
relative, reversible and mirror-invariant. We are directly led to ask: what is
the nature of light then?

V. Render the text into English.

¥Ypa 3kcnepuMeHTy IHKH!

B onHol aHrnuiickod nabopaToOpuM y4Y€HbIE MOMBITAIMCH MOCTABUTH
ONBIT: BBI3BaTh JJEKTPUYECKYIO HCKpY Hu3 Tepmonapbl. OIWH KOHeELl
TepMonapbl ObLJI BCTaBJIEH B KYCOK JIbJa, APYroil Jiexan Ha pacKajleHHOM
JIOKpAcHA MEYKe.

Yapnbs3 YUTCOH COEAMHMII JIBA KYCKA MIPOBOJIOKH, 3aMKHYB 1IETIb.

Hckpel He nonyunitocsk. Marikn @apajieit 3asBUIL, UTO Y UTCOH JI€JIAE€T
3TO HE TaK, KaKk HY>KHO, U CaM MPOJIeajl OnbIT B ”HOM BapuaHte. Ho uckpel
BCE K€ HE ObLIO0.

Torga tpetuii yuensiif, amepukanen] J>xo3zed ['enpu, mpuexaBmuii B
AHITIMIO, CTal HaMarblBaTh HA MAaJEl NPOBOJIOKY IUIOTHOW CIIMPAJIBIO.
Uepes HECKOIBKO MUHYT OH OOBSIBUJI, UTO C YJIOBOJIBCTBUEM MOKAXKET KaK
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BBI3BAaTh HUCKpP. 3aT€M OH MPOCTO MPHUCOEAUHUI 3Ty MAJICHBKYIO CHUpPAJb,
HAJIETYI0 UM Ha HEOOJIBIION KeJIEe3HbIN CTEP:KEeHb, K OJTHOMY U3 MPOBOOB
Tepmonapsl. Ha 3TOT pa3 nckpa Obl1a OTYETIMBO BUHA.

dapaner BOCXUIIEHHO 32aIUIOIMPOBAII U BOCKIMKHYJI:

- Ypa skcniepumenTy sitHku! Ho 4to e Bbl Takoe cuenanu?

N JIxxo03edy ['eHpu npunuiock 00bSICHATE CAMOMHAYKIUIO YYEHOMY,
KOTOPBIN ObLT U3BECTEH HA BECh MUP KaK YEJIOBEK, OTKPBIBIIUNA UHIYKIIHIO.

(Adopted from www.humo.ru)

B. Work with language

I. Find the synonyms in the text to the following words.

gadget
generate
components
contemporary
be built

core

pull (n)
determine
sphere

S o0 oo

I1. Match 1-10 to a-j.
1. magnetic

current

electric

bar

velocity

current-carrying

current-measuring

Ampere’s

. north

10. permeability

©ooN Ok wWN
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a) pole

b) vector

C) wire

d) loop

e) law

f) instrument
g) magnet
h)field

1) current

J) constant


http://www.humo.ru/

1. Guess the words:

1. mgtena
2. tnoieatqu
3. gecahr
4. iedlf

5. sremeau

C. Activities
Look through the text and resume it in writing (no more than 250-300
words in total).
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Text 4. Electromagnetic induction and Faraday's laws

PRE-

«It is right that we should stand by and act on our
principles; but not right to hold them in obstinate
blindness, or retain them when proved to be erroneous»
Michael Faraday

READING

Before we study the motion of an electromagnetic field in detail, let’s have

some fun with electricity. In a small group discuss these problems and make

notes of your main points. Then compare your notes.

1) How can you distinguish a magnet from a non-magnetized metal bar
of the same size and material using no external means?

2. In 1722, George Graham discovered, by watching a compass
needle, that the magnetic field of the Earth shows daily variations.
Can you imagine why these variations occur?

2) If even knocking on a wooden door is an electric effect, we should be
able to detect fields when doing so. Can you devise an experiment to
check this?

3) Birds come to no harm when they sit on unprotected electricity lines.
Nevertheless, one almost never observes any birds on tall, high
voltage lines of 100 kV or more which transport power across longer
distances. Why?

5. A PC or a telephone can communicate without wires, by using
radio waves. Why are not these and other electrical appliances able to
obtain their power via radio waves, thus eliminating power cables?
Do you know the reasons?
Active vocabulary
Word Pronunciation Translation
circuit, n. /"s3:kit/ ICTb, KOHTYP
copper wire /"kopar warar/ MeJIHas MPOBOJIOKA, TTPOBOJ
deflect, v. /d1 flekt/ U3MEHAThH HaIpaBlICHHUE,
OTKJIOHATBHCA OT KypcCa
electrolysis, n. /1 lek 'trolasis/ AJIEKTPOJIH3
electromotive /1 lektra'moovtiv fo:s/ JIEKTPOBIDKYILAS CHJIA
force/emf
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equation, n. /1’ kwerzon/ ypaBHEHHE

flux linkage /flaks ' lmkids/ IIOTOKOCIICTICHUE

hence, adv. /hens/ ciemoBaTenbHO, syn. therefore,
thus

induce, v. /m'dju:s/ UHIYIUPOBATh, HABOIUTh

induced current /m'dju:st 'karant/ UHIYIUPOBAHHBIA TOK

induction cooker |/m'dakfon 'kukor/ UHIYKIIHOHHAS ILIUTa

needle, n. /'ni:dl/ cTpenka, syn. Index

rotate, v. /rou'tett/ BpamaTh(cs)

voltage, n. /'vaultidz/ AIIEKTPUYECKOE HATIPSKEHUE

READING

Read and translate the text using a dictionary if necessary:

In 1831 Michael Faraday, an English physicist, gave one of the most
basic laws of electromagnetism called Faraday's law of electromagnetic
induction. This law explains the working principle of most of the electrical
motors, generators, electrical transformers and inductors. This law shows
the relationship between electric circuit and magnetic field. Faraday
performs an experiment with a magnet and coil. During this experiment, he
found how emf is induced in the coil when flux linked with it changes. He
has also done experiments in electro-chemistry and electrolysis.

Relationship between induced emf and flux. Faraday's experiment

Direction of Movement

Coil or Loop .
<———>
: =T

A8k

Magnet

Galvanometer

In this experiment, Faraday takes a magnet and a coil and connects a
galvanometer across the coil. At starting, the magnet is at rest, so there is no
deflection in the galvanometer i.e. needle of galvanometer is at the center or
zero position. When the magnet is moved towards the coil, the needle of
galvanometer deflects in one direction. When the magnet is held stationary
at that position, the needle of galvanometer returns back to zero position.
Now when the magnet is moved away from the coil, there is some
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deflection in the needle but in opposite direction and again when the magnet
becomes stationary, at that point with respect to coil, the needle of the
galvanometer returns back to the zero position. Similarly, if magnet is held
stationary and the coil is moved away and towards the magnet, the
galvanometer shows deflection in similar manner. It is also seen that, the
faster the change in the magnetic field, the greater will be the induced emf
or voltage in the caoil.

Position of magnet Deflection in galvanometer

Magnet at rest No deflection in galvanometer

Magnet moves towards the coil Deflection in galvanometer in one
direction

Magnet is held stationary at same No deflection in galvanometer

position (near the coil)

Magnet moves away from the coil Deflection in galvanometer but in
opposite direction

Magnet is held stationary at same No deflection in galvanometer

position (away from the coil)

From this experiment, Faraday concluded that whenever there is
relative motion between conductor and a magnetic field, the flux linkage
with a coil changes and this change in flux induces a voltage across a coil.

Michael Faraday formulated two laws on the basis of above
experiments. These laws are called Faraday's laws of electromagnetic
induction.

Faraday's First Law

Any change in the magnetic field of a coil of wire will cause an emf to
be induced in the coil. This emf induced is called induced emf and if the
conductor circuit is closed, the current will also circulate through the circuit and
this current is called induced current.

Methods to change magnetic field:
1. By moving a magnet towards or away from the coil
2. By moving the coil into or out of the magnetic field.
3. By changing the area of a coil placed in the magnetic field
4. By rotating the coil relative to the magnet.
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Faraday's Second Law
It states that the magnitude of emf induced in the coil is equal to the
rate of change of flux that linkages with the coil. The flux linkage of the
coil is the product of number of turns in the coil and flux associated with the
coil.
Methods to increase emf induced in a coil:
1. By increasing the number of turns in the coil.
2. By increasing magnetic field strength.
3. By increasing the speed of the relative motion between the coil and
the magnet.

Applications of Faraday Law
Faraday law is one of the most basic and important laws of

electromagnetism. This law finds its application in most of the electrical
machines, industries and medical field etc.

. Electrical Transformers
It is a static device which is used to either step up or step down voltage or
current. It is used in generating station, transmission and distribution
system. The transformer works on Faraday's law.

. Electrical Generators
The basic working principle of electrical generator is Faraday's law of
mutual induction. Electric generator is used to convert mechanical energy
into electrical energy.

. Induction Cookers
The Induction cooker, is a most fastest way of cooking. It also works on
principle of mutual induction. When current flows through the coil of
copper wire placed below a cooking container, it produces a changing
magnetic field. This alternating or changing magnetic field induces an emf
and hence the current in the conductive container, and we know that flow of
current always produces heat in it.

. Electromagnetic Flow Meters
It is used to measure velocity of blood and certain fluids. When a magnetic
field is applied to electrically insulated pipe in which conducting fluids are
flowing, then according to Faraday's law, an electromotive force is induced
in it. This induced emf is proportional to velocity of fluid flowing.

. Form the bases of Electromagnetic Theory
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Faraday's idea of lines of force is used in well-known Maxwell's equations.
According to Faraday's law, change in magnetic field gives rise to change in
electric field and the converse of this is used in Maxwell's equations.

. Musical Instruments

It is also used in musical instruments like electric guitar, electric violin etc.
(Adopted from www.electrical4u.com)

A. Checking your understanding
1. Give answers to the following questions:

1. Who is Michael Faraday?

2. What is this scientist famous for?

3. How many Faraday's laws are you familiar with?
4

5

. Can you explain what exactly they state?
. Where can Faraday’s laws be applied?

1. Complete the sentences by your own words. Then check the answers
finding information in the text.

1. In 1831 Michael Faraday, an English physicist, gave one of the most
basic...
This law shows the relationship between. ..
In his experiment, Faraday takes a magnet and a coil and connectsa...
Faraday's law finds its application in most of the electrical...
According to Faraday's law, change in magnetic field gives rise to
change in electric field and the converse of this is used in...

ok~ owd

I11. Are these sentences true or false?

1. Faraday law is one of the most basic and important laws of classical
mechanics.

2. Faraday's idea of lines of force is used in well-known Maxwell's
equations.

3. Faraday concluded that whenever there is relative motion between
conductor and a magnetic field, the flux linkage with a coil changes
and this change in flux induces a voltage across a coil.
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4. According to the experiment, when the magnet is moved towards the
coil, the needle of galvanometer returns back to zero position.

5. When the magnet is held stationary at that position, the needle of
galvanometer deflects in one direction.

B. Work with language
I. Put all possible questions to the following sentences.
1. The basic working principle of electrical generator is Faraday's law of
mutual induction.
2. When current flows through the coil of copper wire placed below a
cooking container, it produces a changing magnetic field.
3. Electrical Transformer is a static device which is used to either step
up or step down voltage or current.
4. Faraday's First Law states that any change in the magnetic field of a
coil of wire will cause an emf to be induced in the coil.
5. Faraday's Second Law states that the magnitude of emf induced in the
coil is equal to the rate of change of flux that linkages with the coil.

Il. Guess the words:
. xufl

1

2. eythro
3. ciloevty
4

5

. talovge
. peexriemnt

III. Do you know that ...

The names electrode, electrolyte, ion, anode and cathode were
suggested by William Whewell (b. 1794 Lancaster, d. 1866 Cambridge) on
demand of Michael Faraday; Faraday had no formal education and asked
his friend Whewell to form two Greek words for him. For anode and
cathode, Whewell took words that literally mean ‘upward street’ and
‘downward street’. Faraday then popularized these terms, like the other
words mentioned above.
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IV. Translate the text into Russian. Divide the text into logical parts. Write
down key words to each passage.

The first appliances built to generate electric currents were large
rubbing machines. Then, in 1799 Alessandro Volta (b. 1745 Como, d. 1827
Como) invented a new device to generate electricity and called it a pile;
today its basic element is called a (voltaic) cell, a primary cell* or, less
correctly, a battery. (Correctly speaking, a battery is a collection of cells, as
the one found in a car.) Voltaic cells are based on chemical processes; they
provide much more current and are smaller and easier to handle than
electrostatic machines. The invention of the battery changed the
investigation of electricity so profoundly that Volta became world famous.
At last, a simple and reliable source of electricity was available for use in
experiments; unlike rubbing machines, cells and piles are compact, work in
all weather conditions and make no noise. An apple or a potato or a lemon
with a piece of copper and one of zinc inserted is one of the simplest
possible voltaic cells. It provides a voltage of about 1 V and can be used to
run digital clocks or to produce clicks in headphones. Volta was also the
discoverer of the charge ‘law’ q = CU for capacitors (C being the capacity,
and U the voltage) and the inventor of the high sensitivity capacitor
electroscope. A modest man, nevertheless, the unit of electrical potential, or
‘tension’, as Volta used to call it, was deduced from his name. A ‘battery’ is
a large number of voltaic cells; the term was taken from an earlier, almost
purely military use. (Voltaic cells exist in all biological cells. For
halobacteria, the internal voltaic cells are even essential to survival. Living
in saltwater, internal voltaic cells help them to avoid death due to osmosis).
A battery in a mobile phone is just an elaborated replacement for a number

of apples or potatoes.
(Adopted from www.famousscientists.org.)

V. Render the text into English:

O damuuaum ocnoBartensi KoposieBckoro mucruryra BeiukoOpuranuu
Koponesckuii unctutryt BenukoOpuranuu 6wu1 coznan 7 mapta 1799
roga. Mautnmaropom ero cozmanns 6611 rpad Pymdopa, koTopsrtit eme 10
23 net o 3toro 3Baicsa benmpxameHoMm TOMCOHOM 1 MMEJT aMEPUKAHCKOE
noanancTBo. Ho B 1776r. on nepeexan B AHIJINIO, Yepe3 TPH roja Obut
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u30pan B uieHbl KoposeBckoro oOiectBa, MOMY4YUsI JBOPSHCKUM TUTYIH
rpada CasmienHod PuMckoit umnepuu. A mo CymiecTBYIONIEH 0 CUX MOp B
AHIIIMU TPaJUIIUM, YEIOBEK, MPOU3BEICHHBIN B rpadbl WU JIOPAbL, MOXKET
BBIOpaTh cebe HoBoe uMsi. Hepenko OHO oka3bIBaeTCs CBA3aHHBIM KaKHM-
HUOYAbL 00pa3oM C TeM TreorpauyeckuM MECTOM, TAe IPOXKUBAI WU
MPO’KUBAET U30PaHHUK.

Jlopn KenpBuH, Hampumep, B3s1 cebe MM 1O HA3BAHUIO PEYKHU
KenpBuH, mpoTekaromeld okojo [masro, rae oH, Oyayun YHUIbSIMOM
TomconoMm, xun u padortan. A benmxamen TomcoH BbeiOpan cebe ums B
yecth rTopoaa Pymdopna. UYepes 150 ner reHepanbHOro cekperaps
Koponesckoro nncrturyra BenukoOputanun MapTuHa CpoCHIIM, YTO Jaj
Hayke MHCTUTYT. OH OTBETWI JJAKOHUYHO: "MHCTUTYT - 3TO TO MECTO, Ie

xKui u paboran Papazaeit".
(Adopted from www.humo.ru)

C. Activities
Read, discuss this text (in pairs) and try to explain this puzzle:

Mirrors exist in many forms. An important mirror for radio waves is
the ionosphere; especially during the night, when certain absorbing layers
disappear, the ionosphere allows receiving radio stations from far away.
When the weather is favorable, it is possible to receive radio stations
sending from the antipodes. Another radio mirror is the Moon; with
modern receivers it is possible to receive radio signals and, since a few
years, even television signals reflected by the Moon.

Why do metals provide good mirrors? Metals are strong absorbers of
light. Any strong absorber has a metallic shine. This is true for metals, if
they are thick enough, but also for dye or ink crystals. Any material that
strongly absorbs a light wavelength also reflects it efficiently. The cause of
the strong absorption of a metal are the electrons inside it; they can move
almost freely and thus absorb most visible light frequencies; this leads to
evanescent waves in the material and strong reflection.

Strong reflection appears as soon as the absorption length is as low as
about one wavelength. This is the reason that, for example, strong coffee,
strong tea and dense alkali vapor work as mirrors. (However, strong
reflection is also possible without strong absorption, as the ubiquitous
dielectric multilayers show.)
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Here is a puzzle: a concave mirror shows an inverted image; so does a
plane mirror if it is partly folded along the horizontal. What happens if this

mirror is rotated around the line of sight?
(Adopted from www. )

84



UNIT 4. ATOMIC PHYSICS

Text 1. The nuclear atom

PRE-READING

Give answers to the following questions:

1. Do you know what an atom is?

2. What are electrons, protons and neutrons?

3. Is there one or several theories on atom's structure? Have you heard
anything about atomic structure models?

«The unleashed power of the atom has changed
everything save our modes of thinking, and we
thus drift toward unparalleled catastrophes»

Albert Einsten

Active vocabulary

Word

Pronunciation

Translation

attraction, n.

/o'treek on/

IMPUTAKCHUC, TATOTCHUC, SY1.
gravity, gravitation, pull

basic, adj. /"bersik/ OCHOBHOM, IJIaBHBIN, HAYaJIbHBIH,
syn. fundamental, foremost, primal

bound, v. /baond/ OrpaHUYMBAaTh, CIACPKUBATD,
syn. limit, restrict, straiten

cathode, n. /'kaeBaud/ KaTo.

charged, adj. | /tfa:d3d/ 3apsKCHHBIHN, TOTHBIH,
HAIlOJTHCHHBIN

compound, /" kompaond/ COCIUHEHHE, COCTaB; COCTABHOM,

n/adj. CIIOXHBIH, syn. complex,
constitutive, multiple.

core, n. /ka:r/ AP0, BHYTPEHHOCTD, LEHTP,
syn. centre

dense, adj. /dens/ T'YCTOM, IJIOTHBIN, HEMTPO3PAUHBIH,
syn. stout, Compact

disperse, V. /d1'sp3:s/ paccenBath(cs), pa30pachiBaTh,

syn. dissipate
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emerge /1'm3:d3/ MOSIBJISITHCS, BOSHUKATH, SyN.
appear, turn up, occur

foil /fo1l/ dospra, KoHTpacT, GoH

indivisible, / m.d1i'viz.1.bl / HEJICITUMBIN, HEPa3JI0KUMBIH,

adj. pocToi, syn. infrangible

immersed, adj. | /1'ms3:s/ HOTPYKCHHBIN B )KHIKOCTb,
MIOTJIOIIICHHBIN

nuclear, adj. /'nju:klior/ SICPHBIi

pursuit, n. /par su:t/ npecie0BaHue, TTOTOHsl,
CTpEMJICHHE

raisin, n. /'re1zon/ M3IOMHHKA, U3I0M

ratio, n. /'retfiou/ OTHOIIIEHHE, K0I(D(DUITUEHT,
IIPOIOPITUS, COOTHOIIICHHE

ray, n. /rer/ Jy4, U3JTy4eHue, npooeck

shell, n. /fel/ CKOpITyma, 000JI0UKa

stuff, n. /staf/ Martepual, BeIIeCTBO, BElllb, TKAHb
syn. matter, substance

READING

Read and translate the text using a dictionary if necessary:

The search for the atom began as a philosophical question. It was the
natural philosophers of ancient Greece that began the search for the atom by
asking such questions as: What is stuff composed of? What is the structure
of material objects? Is there a basic unit from which all objects are made?
As early as 400 B.C., some Greek philosophers proposed that matter is
made of indivisible building blocks known as atoms (the word «atom» in
Greek means indivisible). To these early Greeks, matter could not be
continuously broken down and divided indefinitely. Rather, there was a
basic unit or building block that was indivisible and foundational to its
structure. This indivisible building block of which all matter was composed
became known as the atom.

The early Greeks were simply philosophers. They did not perform
experiments to test their theories. In fact, science as an experimental
discipline did not emerge as a credible and popular practice until sometime
during the 1600s. So, the search for the atom remained a philosophical
inquiry for a couple of millennia. From the 1600s to the present century, the
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search for the atom became an experimental pursuit. Several scientists are
notable, among them are Robert Boyle, John Dalton, J.J. Thomson, Ernest
Rutherford, and Neils Bohr.

Boyle's studies (middle to late 1600s) of gaseous substances promoted
the idea that there were different types of atoms known as elements. Dalton
(early 1800s) conducted a variety of experiments to show that different
elements can combine in fixed ratios of masses to form compounds. Dalton
subsequently proposed one of the first theories of atomic behavior that was
supported by actual experimental evidence.

English scientist J.J. Thomson's cathode ray experiments (end of the
19th century) led to the discovery of the negatively charged electron and the
first ideas of the structure of these indivisible atoms. Thomson proposed the
Plum Pudding Model, suggesting that an atom's structure resembles the
favorite English dessert - plum pudding. The raisins dispersed amidst the
plum pudding are analogous to negatively charged electrons immersed in a
sea of positive charge.

Nearly a decade after Thomson, Ernest Rutherford's famous gold foil
experiments led to the nuclear model of atomic structure. Rutherford's
model suggested that the atom consisted of a densely packed core of
positive charge known as the nucleus surrounded by negatively charged
electrons. While the nucleus was unique to the Rutherford atom, even more
surprising was the proposal that an atom consisted mostly of empty space.
Most the mass was packed into the nucleus that was abnormally small
compared to the actual size of the atom.

Neils Bohr improved upon Rutherford's nuclear model (1913) by
explaining that the electrons were present in orbits outside the nucleus. The
electrons were confined to specific orbits of fixed radius, each characterized
by their own discrete levels of energy. While electrons could be forced from
one orbit to another orbit, it could never occupy the space between orbits.

Bohr's view of quantized energy levels was the precursor to modern
qguantum mechanical views of the atoms. The mathematical nature of
quantum mechanics prohibits a discussion of its details and restricts us to a
brief conceptual description of its features. Quantum mechanics suggests
that an atom is composed of a variety of subatomic particles. The three
main subatomic particles are the proton, electron and neutron. The proton
and neutron are the most massive of the three subatomic particles; they are
located in the nucleus of the atom, forming the dense core of the atom.

87



The proton is charged positively. The neutron does not possess a
charge and is said to be neutral. The protons and neutrons are bound tightly
together within the nucleus of the atom. Outside the nucleus are concentric
spherical regions of space known as electron shells. The shells are the home
of the negatively charged electrons. Each shell is characterized by a distinct
energy level. Outer shells have higher energy levels and are characterized as
being lower in stability. Electrons in higher energy shells can move down to
lower energy shells; this movement is accompanied by the release of
energy. Similarly, electrons in lower energy shells can be induced to move
to the higher energy outer shells by the addition of energy to the atom. If
provided sufficient energy, an electron can be removed from an atom and be

freed from its attraction to the nucleus.
(Adopted from www.physicsclassroom.com)

A. Checking your understanding
I. Answer the following questions:
1. Why did the search for the atom remain a philosophical inquiry for a
couple of millennia?
What did scientists contribute to the study of the atom?
Who discovered the negatively charged electron?
What is Ernest Rutherford famous for?
Can you name three main subatomic particles?

ok~ wd

I1. Give Russian equivalents to the following phrases:
a) energy shells
b) fixed ratios of masses
¢) an indivisible building block
d) be bound tightly together
e) a credible and popular practice

I11. Are these sentences true or false?
1. The word «atom» in Greek means divisible.
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2. According to Neils Bohr's study, the electrons were confined to
specific orbits of fixed radius, each characterized by their own
discrete levels of energy.

3. The protons and neutrons can be found in a loose state within the
nucleus of the atom.

4. Thomson proposed the Cheesecake Model, suggesting that an atom's
structure resembles the favorite American dessert — a cheesecake.

5. Bohr's view of quantized energy levels was the precursor to modern
quantum mechanical views of the atoms.

B. Work with language

|. Match each word in A with its synonym in B.

A. 1. discrepancy; 2, to blow up; 3. to abandon; 4. to point out; 5. to
reconcile;

6. to resolve; 7. to stir; 8. essence; 9. scarcely; 10 to burst

B. a) to inflate; b) inconsistence (difference); c) to make agree; d) hardly;
e) to decide firmly; f) to show direction; g) to give up wholly and finally;

h) the very being or power of a thing; i) to break into pieces; j) to be
emotionally moved

11. Put the words into the right order. Check your answers with the text.
1. shells/ The/ negatively/ are/ the/ electrons/ of/ the/ charged/ home.

2. question/ began/ the/ as/ search/ The/ for/ a philosophical/ atom.

3. particles/ The / proton/ are/ three/ the/ the most/ subatomic/ and/
neutron/ of/ massive.

is said/ neutron/ The/ to be/ a/ possess/ does not/ and/ neutral/ charge.
the/ became/ the 1600s/ From / the / to/ pursuit/ an experimental/ the
search/ for/ present/ atom/ century.

o B

111. Guess the words:
1. israin
2. llhse
3. demlo

4. erpiholsoph
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5. sunulceo

1V. Read the text, divide it to logical parts and translate into English.

ATOMBI - 3TO KpOIIEYHBIE YACTHUUKH, U3 KOTOPBIX COCTOUT JH000€
BEIIECTBO. B TOUKE B KOHIIE MPEMIOKECHUS MOMKET YMECTUTHCA 2 MIPA.
aToMOB. Ho MOCKOJBKY 3JIEKTPOHBI CUJIBHO YJAJICHBI OT SApa, aTOM - 3TO B
OCHOBHOM MYCTOE€ MpPOCTPAaHCTBO. Jlojiroe BpeMsi aroM CUHUTAICH
HenenuMon vactuied. Ognako B koHie XIX B. Oblla OTKphITa OJHA W3
COCTaBHBIX YacTel aToma - 35eKTpoH. B 1911 r. O. Pesepdopn nokasai, uro
aTOM MMEET IJIOTHOE MayieHbKoe s1ipo. [lo3xke Ghu3uKku OTKPBUIU, YTO SJIPO
COCTOUT W3 YACTHUIl JBYX BHJIOB - MPOTOHOB M HEUTPOHOB. Y MIPOTOHOB
MIOJIOKUTEIIBHBIN JJIEKTPUYECKUM 3aps/i, HEUTPOHBI 3apsana He umeror. U
IIPOTOHBI, © HEUTPOHBI COCTOSIT M3 PAa3HbIX COYETAHUU KBApKOB. BOkpyr
aapa oOpallaroTCs OTPUIIATENIBHO 3apsDHKEHHBIE DJIEKTPOHBI. ATOM -
AIEKTPUYECKU HEUTpalibHasg cucteMa. [loJIoKUTEenbHBIA 3apsy €ro supa
paBeH oOIeMy OTpHUIATEIbHOMY 3apsiy OJJIEKTPOHOB. BHyTpu aroma
AJIEKTPOHBI BPALIAKOTCA BOKPYT IUIOTHOTO siApa U3 MPOTOHOB U HEUTPOHOB.
Yucno Bcex 3TUX YaCTHUIl Pa3HOE Yy Pa3HbIX AJIEMEHTOB. ATOM, MOTEPSIBIINN
OIUH © OoJiee DJICKTPOHOB, HA3BIBACTCS TMOJIOKUTEIBLHBIM HOHOM,
MPUCOEIUHUBIINN 3IEKTPOHBI - OTPULATEIbHBIM HOHOM. ATOMBI MOXHO
pacuienutb, HO  OOBIYHO OHM  OCTAlOTCS  ILEJbIMH  Ojarojaps
AIEKTPUUYECKOMY TMPUTSIKECHHUIO MEXIY IOJ0XKUTEIbHBIMUA MPOTOHAMU H
OTpUIIATEILHBIMU JJIEKTPOHAMH, a Takxke OJsarogaps sACpPHBIM CHIaM,
o0ecreunBaONIUM 1ETOCTHOCTh sipa. Kaxkawlii SJI€MEHT COCTOUT U3
aTOMOB C OIPEJICICHHBIM YHUCJIOM MTPOTOHOB B sjpe. B atome xkene3a nx 26,
B aroMe 3o0i0Ta - 79. UUCIO NMPOTOHOB B aTOME HA3BIBACTCA ATOMHBIM
HOMEepoM. OH COOTBETCTBYET MOPSAKOBOMY HOMEpPY DJJEMEHTa B
MEePUOIUYECKON TabnuIEe. ATOMBI C OJUHAKOBBIM YHMCJIOM MPOTOHOB, HO C
Pa3HBIM YHCIIOM HEUTPOHOB HA3BIBAKOTCS N30TOIMAMMU.

(Adopted from www.appdroider.ru)
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C. Activities
Look at several models below. In pairs make notes and explain each
model s structure.

Dalton Thomson
*Billiard Ball* Model “Plum Pudding” Model Rutherford Model Bohr Model

AR
(&)

Quantum Mechanical
Model
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Text 2. Radioactivity

PRE-READING

Give answers to the following questions:

«The release of atomic energy has not created

a new problem. It has merely made more

urgent the necessity of solving an existing one»

Albert Einstein

1. How does radioactivity of an atom affect the human body/organism?
2. Do you know who regulates radioactive materials and radiation

exposure?
Active vocabulary
Word Pronunciation Translation
acute, adj. /o kju:t/ OCTpbIW, CUIIbHBIN, KPUTHYECKUI
artificial, adj. |/ a:tr' fifal/ WCKYCCTBCHHBIN, HETPUPOTHBIM,

CHUHTETHUYECKHUH, syn. factitious

bone marrow

/baovn maerav/

KOCTHBIA MO3T

byproduct, n.

/"bar pradokt/

OOOYHBIN MPOTYKT

cancer, n. /' kaensar/ pak

carbon, n. /'ka:ban/ yIIACPOT

cell, n. [sel/ KJIETKA, sTYEHKa

chain, n. /tfem/ [ENb, [IOCIEN0BATEILHOCTD, CBSI3b,
CUCTEMA, CETh

damage, v. /'deemidz/ MOBPEXIaTh, MPUYHHATH yIIepoO,
MOpPTUTH, syn. destroy, make harm,
ruin

decay, n. /dr'ker/ (paaroOaKTUBHBIN) pacmas

decrease, V. /d1 kri:s/ yMEHBIIATh(Cs1),y0aBiIsaTh(Cs),
cokpamaTth(cs), Syn. diminish,
lessen

dose, n. /davs/ 103a, JOJIsSI, IIOPLIHS

estimate, v. /"estimat/ OIICHUBATh, Syn. assess, evaluate

excited, adj. /1k"sartid/ BO30Y K/ICHHBIH

hemorrhaging,
n.

/"hemarid3iy/

KpoBOTeueHue, syn. bleeding
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half-life, n.

/"ha:f larf/

NepUOJ oJIypacnaaa

infrared, adj.

/ mfra'red/

uH(ppakpacHbIi

inhale, v. /m heil/ BIBIXaTh, Syn. inbreathe

ingest, v. /in"dzest/ MPOTJIaThIBATh,[JI0TATh,SYN.
swallow

iodine, n. /"aradi:n/ Hon

ionize, v. /" aronaiz/ HOHHM3HPOBATH

isotope, n. /" a1sotoup/ U30TOII

likelihood, n.  |/'laiklihud/ BEPOSATHOCTh, SYN. pPossibility,
probability

lymph node /Iimf novd/ auMQpaTHYECKUAN y3eIT

nuclide, n. /' nuklard/ HYKJIHI, SOpO C ONpPEIeICHHBIM

HYKJIOHHBIM COCTaBOM

penetrate, V.

/' penitrert/

MIPOHUKATD, IPOXOJIUTH, Syn. come
through, permeate

poisoning, n.  |/'porzonin/ OTpaBlICHHWE, MHTOKCHKAIMs, SYN.
intoxication, toxication

potassium, n.  [/pa’taesiom/ KaJIuii

preponderance, |/pr1 pondorans/ nepeBeC, MPEUMYILECTBO

n.

radioisotope,
n.

/ rerdiouaise toup/

PaIMOAKTUBHBIN
W30TOI,PaiOU30TOIl

random, adj. /'reendom/ CJTy4aiHBIN, POU3BOJIBHBIH

repel, v. /1 pel/ OTTAJIKHBATh, oTOpachIBaTh,
OTpakaTh

stable, adj. /'stetbl/ IPOYHBIH, YCTOHYHBBIH,
IOCTOSIHHBIM, SYN. firm, rigid,
steady

ultraviolet, adj. |/ altra'varalat/ yIBTPapUOIETOBBIN

undergo, V. / anda'gov/ UCIIBITBIBATh, TEPEHOCUTH, SYN.
overcome

via, prep. /vara/ gepes
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READING
Read and translate the text using a dictionary if necessary:

Sometimes the nucleus of an atom is unstable. A change will occur in
the nucleus to make it more stable. The change is called decay. When a
nucleus decays it will emit some particles or waves. Emitting particles or
waves from the nucleus is called radioactivity.

Radioactivity was discovered by A. H. Becquerel in 1896. Radioactive
decay is a random process which gives out heat. The particles or waves that
are emitted are called radiation. The radiation was classified by E.
Rutherford as alpha, beta, and gamma rays (for the first three letters of the
Greek alphabet) according to their ability to penetrate matter and ionize air.

Alpha decay

An alpha particle is identical to a helium nucleus, being made up of
two protons and two neutrons bound together. It initially escapes from the
nucleus of its parent atom, invariably one of the heaviest elements, by
guantum mechanical processes and is repelled further from it by
electromagnetism, as both the alpha particle and the nucleus are positively
charged. The process changes the original atom from which the alpha
particle is emitted into a different element. Its mass number decreases by
four and its atomic number by two. For example, uranium-238 will decay to
thorium-234. Sometimes one of these daughter nuclides will also be
radioactive, usually decaying further by one of the other processes
described below.

Beta decay

Beta decay itself comes in two kinds: B+ and B-. As for B- emission, it
occurs by the transformation of one of the nucleus’s neutrons into a proton,
an electron and an antineutrino. Byproducts of fission from nuclear reactors
often undergo B- decay as they are likely to have an excess of neutrons. B+
decays is a similar process, but involves a proton changing into a neutron, a
positron and a neutrino.

Gamma decay

After a nucleus undergoes alpha or beta decay, it is often left in an
excited state with excess energy. Just as an electron can move to a lower
energy state by emitting a photon somewhere in the ultraviolet to infrared
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range, an atomic nucleus loses energy by emitting a gamma ray. Gamma
radiation is the most penetrating of the three and will travel through several
centimetres of lead. Beta particles will be absorbed by a few millimetres of
aluminium, while alpha particles will be stopped in their tracks by a few
centimetres of air, or a sheet of paper.

Half-lives and probability

Radioactive decay is determined by quantum mechanics — which is
inherently probabilistic. So, it’s impossible to work out when any particular
atom will decay, but we can make predictions based on the statistical
behavior of large numbers of atoms. The half-life of a radioactive isotope is
the time after which, on average, half of the original material will have
decayed. After two half-lives, half of that will have decayed again and a
quarter of the original material will remain, and so on.

Uranium and plutonium are only weakly radioactive but have very long
half-lives — in the case of uranium-238, around four billion years, roughly
the same as the current age of the Earth, or the estimated remaining lifetime
of the Sun. The half of the uranium-238 around now will still be here when
the Sun dies. lodine-131 has a half-life of eight days, so, once fission has
stopped, less than 1% of iodine-131 produced in a nuclear reactor will
remain after about eight weeks. Other radioisotopes of iodine are even
shorter-lived. Caesium-137, however, sticks around for longer. It has a half-
life of around 30 years, and, because of this and because it decays via the
more hazardous beta process, is thought to be the greatest health risk if
leaked into the environment.

Although some radioactive materials are produced artificially, many
occur naturally and result in there being a certain amount of radiation in our
environment all the time — the «background radiation».

In the background

There is a natural level of radiation all around us, which comes from
several sources. Some gamma radiation comes from space as cosmic rays.
Other radiation comes from sources in the atmosphere, such as radon gas
and some of its decay products.

There are also natural radioactive materials in the ground — and as well
as the obvious elements such as uranium there are also radioactive isotopes
of common substances such as potassium and carbon. To understand how
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much background radiation is around, it helps to distinguish between effects
on normal matter and on the human body.

The amount of radiation absorbed by non-biological matter is measured
in grays, a unit equivalent to a joule of energy per kilogram of mass. For
biological tissue, a dose equivalent is measured in sieverts (Sv) depending
on the type of radiation involved and how much damage that radiation does
to the particular cells affected.

The average amount of radiation received from background sources in
the UK is around 2-2.5 mSv per year. Because of the preponderance of
granite, which contains higher than average levels of uranium, in areas such
as Cornwall or Aberdeenshire it can be twice this level — not high enough to
cause any concern, but high enough that nuclear facilities can’t be built
there as the background level already exceeds the maximum allowed
radiation limit. In some parts of the world, such as northern Iran, the
background radiation is as high as 50 mSv per year.

There are a variety of other natural and routine artificial causes of low
doses of radiation. A dental x-ray will give you a dose of under 1 mSv; a
full-body CT scan, 10 mSv. As fewer cosmic rays are stopped by the
atmosphere the higher you go, the crew of a passenger jet flying between
the US and Japan once a week for a year would receive an additional a dose
of around 9 mSv. Under normal conditions, the dose limit for workers in the
nuclear industry is 50 mSv per year.

The effects on human health

There are two main health effects caused by radiation, which act over
the short- and long-term and also at shorter and greater distances. Radiation
causes health problems by killing cells in the body, and the amount and type
of damage done depends on the dose of radiation received and the time over
which the dose is spread out.

The dose limits for emergency workers in the event of a nuclear
accident are 100 mSv if protecting property or 250 mSv in a life-saving
operation. Between that upper limit and 1 Sv received within a single day,
exposure is likely to cause some symptoms of radiation poisoning, such as
nausea and damage to organs including bone marrow and the lymph nodes.
Up to 3 Sv these same effects are more serious with a likelihood of
acquiring infections due to a reduced number of white blood cells in the
body — with treatment, survival is probable but not guaranteed.
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Larger doses will, in addition to those symptoms above, cause
hemorrhaging, sterility and skin to peel off; an untreated dose of more than
3.5 Sv will be fatal, and death is expected even with treatment for doses of
more than 6 Sv. The radiation level decreases with the square of the
distance from its source, so someone twice as far away from an external
source will receive a quarter of the radiation.

Receiving a high dose in a shorter time usually causes more acute
damage, as greater doses kill more cells, while the body can have had time
to repair some damage with more time having elapsed between doses.
However, radioactive material that is spread to a wider area can cause
longer-term health effects via prolonged exposure, particularly if they enter
the food chain or are inhaled or ingested directly. Taking radioactive
materials into the body also presents the greatest danger from atoms that
undergo alpha-decay, as alpha particles are not very penetrative and are
easily absorbed by a few centimeters of air.

Radioactive isotopes of iodine, which undergo beta-decay, can build up
in the thyroid gland and can cause thyroid cancer. Attempts to prevent this
involve distributing pills that include nonradioactive iodine-127 and which
flood the thyroid, preventing uptake of radioactive iodine. For one-off
doses, such as those from medical scans, the risk of later developing cancer
Is estimated at around 1 in 20 000 per mSv received. Absorbing an
accumulated dose of 1 Sv over a longer period of time is estimated to
eventually cause cancer in 5% of people. However, there is disagreement
over whether very small doses comparable to the level of background
radiation actually contribute to health effects.

(Adopted from www.iop.org.)

A. Checking your understanding
I. Give answers to the following questions:
1. What causes a decay starting?
2. How many types of decay are known in physics?
3. Is there a link between a dose of radioactivity and human’s health?
4. Can natural radioactive sources be found around us?
5. Where exactly can they be found? What is their amount?

97


http://www.iop.org/

Il. There are several definitions in the text. What are they? Complete the

sentences.

1.

Sometimes the nucleus of an atom is not stable. The change is called a
Emitting particles or waves from the nucleus is called

The of a radioactive isotope is the time after which, on
average, half of the original material will have decayed.

Is a random process which gives out heat.

The particles or waves that are emitted are called

I11. Are these sentences true or false?

1.
2.

There are not natural radioactive materials in the ground at all.
Uranium and plutonium are strongly radioactive but have very short
half-lives.

The radiation was classified by E. Rutherford as alpha, beta, and
gamma rays (for the first three letters of the Greek alphabet)
according to their ability to penetrate matter and ionize air.

Radiation causes health problems by killing cells in the body, and the
amount and type of damage done depends on the dose of radiation
received and the time over which the dose is spread out.

Gamma radiation is the least penetrating of the three and will not
travel through several centimeters of lead.

B. Work with language
I. Give Russian equivalents to the following phrases:

a) nuclear chain reaction
b) single fission process
¢) vertical cloud chamber
d) cosmic ray particle

e) wide energy spread

)

total energy liberation

g) thick material layer
h) critical size level

)
)

nuclear power production
ordinary steam turbine

K) original fission neutrons
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[1. Put the words into the right order. Check your answers with the text.
1. rays/ gamma/ comes from/ as/ Some/ cosmic/ radiation/ space.
2. with/ a nucleus/ beta/ an excited/ energy/ After/ or/ excess/ alpha/
undergoes/ left in/ it is/ decay/ state/ often.
3. was/ in/ A. H. Becquerel/ Radioactivity/ by/ 1896/ discovered.
emit/ a/ nucleus/ will/ or/ waves/ When/ it/ particles/ some/ decays.
5. gives out/ decay/ a/ process/ heat/ Radioactivity/ random/ which/is.

e

I11. Guess the words:
1) seod
2) barobs
3) tafal
4) cyade
5) lentmee

IV. Skim the passage as fast as possible and find answers to the following
questions.
1) What is the main problem in maintaining a steady chain reaction?
2) What are "control rods" used for?
3) What is the design of a "swimming pool" reactor?
4) What purposes are nuclear power reactors used for?

Nuclear reactors

A sample of fissionable material smaller than the “critical size" is
unable to carry on a nuclear chain reaction. If the size of the sample is
exactly critical, the number of neutrons produced in each generation is the
same as that produced in the previous one, resulting in steady nuclear
energy liberation. The original Fermi-pile and its later modifications
maintain nuclear reactions at the critical size level. It must be mentioned in
this connection that the conditions of “criticality” are extremely unstable: a
small deviation (omxnounenue) in one direction will result in the rapid
extinction (ymeHbuleHue Koauuecmea Heumponos) of fission neutrons and
the cut-off of the nuclear chain reaction, whereas a deviation in another
direction will lead to a rapid multiplication of the fission neutrons and the
melting (nnaenenue) of the entire Structure.
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Thus, the important problem in maintaining a steady chain reaction is
that of regulating the rate of neutron production and of keeping the chain
reaction from "dying out" or "running away". This is achieved by using
"control rods™ made from neutron-absorbing materials (such as boron)
which arc automatically pushed in or pulled out from narrow channels
drilled through the reacting fissionable material as soon as the rate of
neutron production drops below or exceeds the desired level.

We have already mentioned that Fermi-piles were unsuitable for
purposes of nuclear power production because of the high dilution of
uranium by carbon; they should be considered rather as "alchemical plants"
in which plutonium is produced. For the purpose of nuclear power
production, we use the controlled nuclear chain reactions in pure fissionable
materials, such as U235 or Pu234, which can be run at quite high
temperatures.

In the so-called "swimming pool” reactor (peaxmop 6accelitio6ozo
muna) in which several cylindrical containers filled with pure fissionable
material arc placed at the bottom of a large water tank, the water
circulating through the tank carries away the heat produced in the fission
process and also protects the observer from the deadly nuclear radiation.
The color of the water turns blue as a result of the so-called Cherenkoffs

radiation produced in water by high-energy electron.
(Adopted from www.studfiles.ru_)

C. Activities
|. Read the text one more time and give an adequate translation of the
sentences marked with an asterisk.

1l. Summarize the passage and present your report in oral.
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APPENDIX |

Phrases for summary and rendering
1. The text/ article under consideration is about...
2. The text/ article deals with ...
3. At the beginning the author describes /depicts/ touches upon/ explains/
introduces/ mentions/ characterizes/ points out/ generalizes/ reveals/
exposes/ reveals, highlights, etc.
4. The text/ article begins (opens) with a (the) description of introduction of/
the
mention of/ the analysis of a summary of/ the characterization of/ (author's)
opinion of, etc.
5. Then/ after that/ further/ further on/ next the author passes on to/ goes on
from ...to/ goes on to say that/ gives a detailed analysis/ description of, etc.
6. In conclusion the author depicts, claims, reports, etc.
7. The author concludes with a/ the description of/ his recollections of/ the
generalization of/ the characterization of/ (his) opinion of ..., etc.

8. To finish with, the author ...
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APPENDIX 11
Linking words

Beginning

First(ly)

First of all

For a start

In the first place

Initially

To begin/start with

Let us begin/start by

First and foremost

First and most importantly

Going further

Second(ly)/third(ly)

In the second place

Subsequently

Simultaneously

And then

Next

Formerly/previously

Adding information

And

In addition
As well as
Also

Too
Furthermore
Moreover

102



Besides

Above all

Along with

Additionally

Besides

Further

Notonly ... butalso. ..
Not to mention

One could also say

What is more

Sequencing ideas

The former, ... the latter
Firstly, secondly, finally
The first point is

The following

Giving a reason

Due to / due to the fact that
Owing to / owing to the fact
that Because

Because of

Since

As

Well, you see

The (main/basic) reason is that
Let me explain. You see
But the point is

Giving a result

Therefore
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So

Consequently

This means that

As a result

Comparison/Contrast

Although / even

though Nevertheless

In theory... in

practice...

Both... and ...

Analogously

Equally

Likewise

Just like

Similarly

Correspondingly

In the same way

In the same manner

By the same token

Alternatively

But/ However

Conversely/ On the contrary

Despite / despite the fact that

In spite of / in spite of the fact that

Differing from/ In contrast\Instead

In comparison

In reality

On the one hand/ On the other hand
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Notwithstanding/ Nonetheless/ Nevertheless
Still/ Yet
Unlike
Whereas/ While
Emphasis
Indeed/truly In
fact/actually
Notably
Particularly/specifically Especially/mainly
Admittedly
Of course /certainly/surely
No doubt
Obviously
Needless to say
As a matter of fact
For this reason
Clarification
In other words
That is
Namely
That is to say
To put in another way,
One example of this is
For example/for instance
Such as
Frequently
As an illustration
To demonstrate
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To illustrate
Transitions
Accordingly
As a consequence
For this/that reason
Hence
In that case
On account of this
Therefore
Thus
Summarizing
In short
In brief
In summary
To summarize
To conclude
In conclusion
Eventually
In the end (I’d like to say that)
Weighing up all pros and cons
To crown it all
Concluding
Summing up/to sum up
To conclude/in summary
Finally
In short/in brief
On the whole
Ultimately
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Last/lastly

Last of all

Last but not the least

Personal or other people’s opinion
In my opinion/In my view/To my mind
To my way of thinking

Personally I believe that/ I think that...
It strikes me that

| feel very strongly that

I’m inclined to believe that

It seems to me that

As far as | am concerned

As far as | know

It’s popularly believed that

People often claim that

It is often alleged that

Some people argue that

A lot of people think/believe that
As | see it

From my point of view

If I’m not mistaken

To my way of thinking

I’1l say straightforwardly
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