)

Horore,




MHUHUCTEPCTBO HAYKH U BBICIIEI'O OBPA3OBAHUSI
POCCUMCKOM ®EJEPAIIAN

MHUHHUCTEPCTBO OBPA3OBAHUSA, HAYKH, KYJIBTYPbBI 1
CIIOPTA PECITYBJIMKH APMEHMUA

POCCHUICKO-APMSAHCKHUM (CJIABSIHCKHWI) YHUBEPCUTET

M.C. ECASIH

AHTJIMUCKUN 151 ®PU3UKOB

YyeOHo-IpaKkTHUECKOE MOCOOHe
JJISl CTYJIEHTOB, 00YYAKOIIMXCS M0 HANIPABJIEHUIO
«DU3UKO-TeXHUYeCKHE HAYKID)

EpeBan
HM3pareancTBo PAY
2024



MINISTRY OF SCIENCE AND HIGHER EDUCATION
RUSSIAN FEDERATION

MINISTRY OF EDUCATION, SCIENCE, CULTURE AND SPORTS
REPUBLIC OF ARMENIA

RUSSIAN-ARMENIAN (SLAVONIC) UNIVERSITY

M. YESAYAN

TEACHING AID FOR PHYSICISTS

Educational-practical manual
for students studying in the direction of
“Physical and technical sciences”

Yerevan
RAU Publishing House
2024



VK 811.111:53(075.8)
BBK 81.432.1473
E 815

Ieuamaemcs no pewenuro Pedaxyuonno-Hzoamenvckozo u
Hayuno-Texnuueckoco Cogemos PAY

OmeemcmeeHHblil peOaKmop:

3aB. kaenpoit [IMITN PAY, a.dumomn.u., mpod. A.A. CHMOHSIH
Peyenzenmeor:

I.Guoi.H., mpod., 3aB. kadenapoii s3pikoB AI'DY JILA. ApyTIOHSIH
K.IIEJIaror.H., 1011 Kaeapbl 00y4eHHs HHOCTPaHHBIX si3bIKoB AT'TIY um.
X. AbossiHa ML.A. lapadsin

Ecasa M.C.

E 815  Amnrnmiickuii anst GpuzukoB: YueOHO-IIpaKTHUECKOE MOCcoOue st
CTYZACHTOB, O0YYaIOIINXCS 110 HanpaBieHuto «Duznko-
texHuueckue Haykm» / M.C. Ecasn. — Ep.: UznarensctBo PAY,
2024. 228 c.

Y4eOHO-TIPaKTHUECKOE TOCOOUE COMCPKUT OCHOBHBIE U TOTIOTHUATEIh-
HBIC TEKCTHI, YIIPAKHEHUS T10 JIGKCUKO-TPaMMATHKE, a TAaKXKe 3aJaHus IS
Pa3BUTH HABBIKOB MUCHMEHHON W YCTHOM ped, ayIupoBaHus. TEKCTHI IMo-
JoOpaHbl ¢ ydeToM (YHKIIMOHATHHOW M MPOdECCHOHATHLHONW HAIpaBiIcH-
HOCTH B 00nacTv (M3MKU M WH)XEHEPUH, BKIIIOYAsi COKPAILICHHBIE BEPCUU
COBPEMEHHBIX MaTEPHAIOB M3 AHTTIMHCKUX ¥ aMEPUKAHCKUX KYPHAJIOB.

[Tocobue mpenHa3HA4YEHO JUIs CTYJEHTOB HHXEHEPHO-(QHU3N4ecKoro
nHcTuTyTa Poccuiicko-ApmsHckoro (ClaBsHCKOT0) TOCYAapCTBEHHOTO
YHHUBEPCHUTETA ¥ CIIEHHAINCTOB B 00J1acTH (PM3MKH, KBAHTOBOW MH(OpMa-
TUKH 1 MH)KEHEPHH, B TOM YHCJIE HAYYHBIX COTPYJHUKOB U aCIIMPAHTOB.

V]IK 811.111:53(075.8)
ISBN 978-9939-67-332-5

© UsparensctBo PAY, 2024
© M.C. Ecasun



CONTENTS

CTpyKTypa U coliepaHne y4eOHO-TPAKTHIECKOro MOCO0US.......... 6
PART I

Unit [. The Nature of PhySiCS......cccceveviiiiiniiieieeeeeeseeeie e 8
Unit II. Units of Measurements...........ccoceeeeverereenenenneenenceneenee 27
Unit HL ENETEY .eeeeiieiieieiee ettt 44
Unit IV. Newton's Laws of Dynamics..........ccceeevvevvieeciieenieenneenn. 57
Unit V. Electricity and MagnetiSm...........c.ccccvevvvereervervenvesvennens 76
Unit VI. Reflection and Refraction .........cccccceveeveninenencnnienienne. 92
Unit VII. Atoms, Elements and Compounds..........c.cccccveeevreenneen. 107
Unit VIII. Quantum Nature of Light .........ccccevvviiiiiiiiiiieiieenee, 122
Unit IX. What Qualifies as Small?..........c.ccoovieiiiiiiiieiicieee. 134
Unit X. Particles that Go Faster than Light ..........ccccoccovineninn. 148
PART II

Supplementary Reading

Great Minds in the History of Physics ........ccccccvveivevivecieenieeieenen. 161
Modern PhySICS ....ccueeruiiiiieieeieeieeste ettt 197
APPENAICES ...eeeeriieiiieeiiecie ettt e e e et re e entreenereas 207
Basic Vocabulary of Physics.......cccccceveviviiiiieviiciceeeeseeieeee, 214

Bibliography ....ccccveeieeiieiieiieieeeeseeree et 224



CTPYKTYPA U COAEPKAHUE
YUYEBHO-ITPAKTUYECKOI'O ITIOCOBUA

[Ipennaraemoe y4eOHO-IPAKTHYECKOE MOCOOME TpeIHa3-
HAYEHO JUIS CTY/AEHTOB TEXHWYECKHX CIENHAIbHOCTEH, B YacT-
HOCTH, MH)XKEHEepHO-(pHU3nuecKoro HarpasieHus Poccuiicko-Ap-
MsHCKOTO (CJIaBsTHCKOT0) TOCYIapCTBEHHOTO YHUBEPCHUTETA.

[Tocobue mpemHazHaueHo it (GOPMUPOBAHUS S3BIKOBOI
KOMIIETEHIIUU B cdepe mpodeccuoHaIbHON KOMMYHHUKALIUU, YTO
HAIIJIO CBOE OTpa’keHUE B CTPYKType mocodus. Llenecoobpazno
Ha4YMHATh PadoTy ¢ MOocoOueM Mocje TOro, Kak CTYAEHTbl OCBOSIT
0a30BbIe OCHOBBI aHTJIIMICKOI IpaMMaTUKU M 3HAYUTEIBHOE KO-
JUYECTBO OOIIEYITOTPEOUTEIILHON JICKCUKH.

B nonbope matepumana ObIIM HpPEACTABIEHBI CIEAYIOIINE
TIPUHITUIIBL:

1. AyTEHTUYHOCTh TEKCTOB, 3aMMCTBOBAaHHBIX U3 aMepH-
KaHCKUX MCTOYHHMKOB, JAIOIIUX MOJHOE MPEICTABICHUE O Mpe-
MeTe.

2. Wzyuenmne MaTepuasia BKJIFOUACT J[BA ACIIEKTA: BBISBIIC-
HUE CIEeNUAIN3UPOBAHHON TEPMUHOIOT N, OPUECHTUPOBAHHOM Ha
ee (pyHKIIMOHAIbHOE 3HAYEHUE U Pa3BUTHE HA OCHOBE KOMMYHHU-
KaTUBHBIX YMECHHM.

[Toco6ue Briroyaer 10 pa3genoB (Units). Kaxnerii pasmen
UMEET TEKCTHI C BBIJCIICHHBIM aKTHBHBIM M JIOTIOJHHUTEIBHBIM
CJIOBapsIMHU, BOINPOCHI, MOCJIEAYIONINE TEKCThl, U 3HAYMTEIbHOE

KOJIHNYCCTBO JICKCHYCCKUX ynpamHeHI/Iﬁ, HarpaBJICHHbIX HAa MaK-



CHUMaJIbHOE YCBOCHHE CTYJCHTAMH OCHOBHBIX CJIOBapHBIX €JU-
HHUII, NCTIIOJIb3YEMBIX B 00JIaCTH (PU3UKH, a TAKXKE HA IPEOJ0JICHUE
JMHTBUCTUYECKUX CIIOKHOCTEH B OOJIACTH MHOTO3HAYUMOCTH
CJIOB M CHHOHHUMHUH — HApsy C TPYAHOCTSAMH MEPEBOIA.

B KkoHIle KakJ0r0 pasjena JarTcs yIpPaKHCHHS, HAallpaB-
JICHHBIC HAa Pa3BUTHE YCTHOW pPe4H U ayaupoBaHusi. KommyHuka-
TUBHBIC YIPAKHEHHSI CTUMYJIUPYIOT apryMEHTHPOBAHHBIC BBIC-
Ka3bIBaHMUs, yYACTHE B IUCKYCCHUSIX HA MPO(ECCHOHATLHBIC TEMBI.

YnpakHeHUs] ayJUpOBaHUsS, KOTOPbIE OCYIIECTBISECTCS
ckanupoBanueM QR-K00B, HampaBIeHbI HA PA3BUTHE HABBHIKOB
BOCTIPHATHUS YCTHOW MH(OpMAIMU, PACIIMPEHHUE CIOBAPHOTO 3a-
naca B 00J1acTi (PM3UKH U TIOBBIIICHUS TTIOHUMAHHUS KOHTEKCTa Ha
CITyX.

B noco6ue BKIIFOUEHBI IOTIOTHUTEIBHBIC MATEPHAIIBI B pa3-
nenax Great Minds in the History of Physics, Modern Physics, a
takxe Appendix u rimoccapuii (Basic Vocabulary of Physics).

YueOHo-TpakTUYECKOe TOCOOME MOXKET OBITH MOJIE3HO JIJIsSt
CTYJIEHTOB (PU3UKO-TEXHUIECKOTO PO OakaiaBpa, MarucT-
PaHTOB M aCIIMPAHTOB.

[TocoOue opueHTHPOBAHO HA BCEX, KTO MHTEPECYETCs Hay4-

HOI TEPMUHOJIOTHEH 1 MHKEHEPHO-(PH3NIECKUM 00pa30BaHUEM.



PART I

UNIT 1.

Ex. I. Read the text paying attention
to the new vocabulary:

The laws of physics is the canvas God laid
down on which to paint his masterpiece

Dan Brown

THE NATURE OF PHYSICS

Physics is a branch of science. The word science comes
from a Latin word that means having knowledge, and refers the
knowledge of how the physical world operates, based on
objective evidence determined through observation and
experimentation. Physics is the science aimed at describing the
fundamental aspects of our universe. This includes what things
are in it, what properties of those things are noticeable, and
what processes those things or their properties undergo. In
simpler terms, physics attempts to describe the basic
mechanisms that make our universe behave the way it does.

Physics is one of the most ancient sciences about nature.
The word “physics” takes its origin from the Greek word
“phusis” meaning nature.

The development of other sciences depends in many
respects on the knowledge of physical phenomena. Physics
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divides itself very naturally into two great branches,
experimental physics and theoretical physics. The former is the
science of making observations and devising experiments
which give us accurate knowledge of the actual behavior of
natural phenomena. On the basis of experimental facts
theoretical physics formulates laws and predicts the behavior
of natural phenomena. Every physical law is based on
experiments and is devised to correlate and to describe
accurately these experiments. The wider the range of
experience covered by such a law, the more important it is.

As our technology evolved over the centuries, physics
expanded into many branches. Ancient peoples could only
study things that they could see with the naked eye or otherwise
experience without the aid of scientific equipment. This
included the study of kinematics, which is the study of moving
objects. For example, ancient people often studied the apparent
motion of objects in the sky, such as the sun, moon, and stars.
This is evident in the construction of prehistoric astronomical
observatories, such as Stonehenge in England or Qarahunj in
the Syunik Province of Armenia.

The study of nature later came to be called natural
philosophy. From ancient times through the Renaissance,
natural philosophy encompassed many fields, including
astronomy, biology, chemistry, mathematics, and medicine.
Over the last few centuries, the growth of scientific knowledge
has resulted in ever-increasing specialization and branching of
natural philosophy into separate fields. Physics, as it developed
from the Renaissance to the end of the 19th century, is called
classical physics. Revolutionary discoveries starting at the

9



beginning of the 20th century transformed physics from
classical physics to modern physics.

Modern physics is divided into half a dozen or more
different fields-mechanics, sound, heat, electricity and
magnetism, light, molecular, atomic and nuclear physics. These
different fields are not distinct but merge into each other.

In all cases physics deals primarily with phenomena that
can be accurately described in terms of matter and energy.
Hence, the basic concepts in all physical phenomena are the
concepts of matter and energy. Therefore, it is important to
determine accurately the characteristics of both matter and
energy, the laws that govern their transformations, and the

fundamental relations that exist between them.

Study the basic vocabulary

Word Pronunciation Translation
Accurately, adv | / &kjoratli/ TO4HO, Hi)qpnhwn
Behavior, n /bt hervja(r)/ MOBEJICHUE,
wwhywodp
Concept, n /"konsept/ MIOHATHE, HJIES,
tinlinyp
Conventional, /kan'venfonl/ TPaAUITHOHHBIHN,
adj wjwbnujui
Charge, n /tfa:dz/ 3apsin, |hgp
Devise, v /d1'vaiz/ IPUyMBbIBATb,
pa3pabaThiBaTh,

htiwpty, twhiqoly

10




Depend on, v

/dr pend/

3aBHUCCTH OT,

Quipnfwd jhok
Describe, v /d1'skrarb/ OITHNCHIBAT,
uupugnty
Determine, v /d1't3:min/ yCTaHaBJIUBATh,
OTIPENICIIATH,
uwhdwbly, npnpty
Encompass, v /in"kam.pas/ OXBAaTbIBATD,
plngnliby
Equal, v /" 1:kwal/ paBHbIH, huuuwp
Evident, n /'ev.1.dont/ OYCBHUIHBIMN,

wljithuywn, ujupg

Indicate, v /' mdikert/ YKa3bIBaTh,
CBUJICTEIHCTBOBATD,
dwnbwinby

Investigation, n | /in vesti geifn/ | pacciemoBanmue,
htimwgnuni pynil

Liquid, adj /" likwid/ KHUIKOCTB, htinnil

Matter, n /' maeto/ Matepus, Wuwntipnhw

Merge, v /m3:d3/ CJIMBaTh(Cs), COeTU-
HATB(cs), aniyby

Naked eye HEBOOPYKEHHBIM
rmazom, wight wsp

Noticeable, adj |/ nouvtisobl/ 3ameTHBIN, Ujuwntih

Nuclear, adj

/'nju:klis/

SIIEPHBIN,

dhgnijuyhb

Nucleus, n

/'nju:klios/

sanpo, Uhont|

Particle, n

/"pa:tikl/

JacTuIa, Kpynuia,
dwubhy
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Phenomenon, n

/fo' nominan/

dbeHoMeH, sBICHUE,

tinlunyp

Primarily, adv | /' praimorali/ TJIaBHBIM 00pa3om,
winwe iy hlt

Relation, n /r1’'letfn/ CBSI3b, 3aBUCHMOCTD,
Juiy

Revolve, v /r1' volv/ Bpaiathcs, uunnyti

Solid, adj /"solid/ TBEP/IbIii, MJIOTHBIMN,
Lupdp

State, n /stert/ coctosiHMe, Jhtwl

Substance, n /"sabstons/ BEUIECTBO, (ynie

Surround, v /sa'ravnd/ OKpYXarThb,
2nguiujuuntiy

Transformation, | / trensfo'meifn/ | npeBparienue,

n npeoOpa3oBaHue,
thnpuwypuynid

Unit, n /" junit/ eauHuLa (n3mMepe-
Hus), swuthiwi
dhwiynn

Various, adj /'vearias/ pa3HBbI, pa3IMYHBIH,

qubuqut

Ex. II. Answer the questions on the text:

1. What is the text concerned with?
2. Which word does physics derive from?

3. What are the two main branches of physics?

4. What does theoretical physics formulate?

5. Which phenomena does physics study?

12




6. What fields does physics deal with?
7. What are the basic concepts in all physical phenomena?

Ex. III. Find the equivalents:

Actual Nmerts geno ¢/qnpd nibbkiiuyg
On the basis of 3aBucets oT/Juujwd holy
To deal with BriTekats u3/phuly

To cover C Touku 3peHus/wnniuny

To derive from Bpamarscs/ujuninyti

In terms of Ha ocunoBanun/hhipnid

To be equal to OxBatbiBaTh/Owd |t

In respect to [Tonstue/tiplinye

To revolve Ha camom nene/thuumnwugh

To depend on UYro kacaetcst/hiiy ytipupbipynid £
Concept PapasaTecs/hunjuuwnyty

Ex. IV. Give Russian/Armenian equivalents for the
following words and expressions:

To take origin, to devise experiment, magnetism, matter, range,
in respect to, to determine, concept, distinct, observation, to
correlate, molecular physics, atomic energy, accurately,
transformation, fundamentals of physics, mechanical motion,
to divide into, merge into, nuclear physics, growth of scientific
knowledge, to determine accurately, wide range, revolutionary
discoveries, prehistoric.
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Ex. V. Give English equivalents for the following words
and expressions:

OcnoseiBate/hpility, nenuts/pudwiti, wabmromats/nhwnt,
onpenensats/uwhiwiti, nmonoxurensHpd/npuljull, oTpuna-
TeNbHBIA/puuguuwljuil  3apsa/ihgp, TOUHBI/G2qphw, Bax-
HelA/uplinp, paszmuusbiil/nwnptin, ocuoBHoW/hhutwljwb,
coctosaTh u3/punugud hoty, 3aBucers ot/uuywd hitk,
asienue/tplinye, npupoaa/plininil, nosenenue/ujuhyudp,
teopust/ntiunipiniLl, 3akon/ontilip, paBusaTecs,/hujuuwnyti,
Ha ocHoBaHuM/hhiwh Ypw, Bpamarscs/ujmumyti, umeTs aemno
c/gnnd nLbtitwyg:

Ex. VI. Using dictionary write plural forms of the given
terms of Latin and Greek origin:

Singular Plural

Formula

Maximum
Medium
Nucleus

Phenomenon
Quantum
Radius
Spectrum
Thesis

14



Ex. VII. Open the brackets using the nouns in their
correct form:

1. Scientists are interested in studying the various (phenomenon)
of nature.

2. You shouldn’t base your argument only on your (analysis).
3. Mastering basic Access (formula) is essential for beginners.
4. We observed the (nucleus) which consist of protons and
neutrons.

5. The best way to gain trust is to include (datum).

READING 2.

Matter

Every substance or material that we come in contact with
or which is known to man can be divided into particles known
as molecules. Chemical reactions indicate that the molecules
are composed of smaller units, or atoms, and modern physical
methods of investigation have shown that the atom consists of
a centrally situated nucleus with a total positive charge
surrounded by a number of electrons which revolve about the
nucleus. In a stable atom, the total positive charge of the
nucleus is equal to the total negative charge of the electrons
which surround the nucleus. The total electrical charge is zero
and this is the conventional state of most atoms. The state of
matter can be changed by heating or cooling it or by changing

15



the pressure conditions on it. When a material changes state, its
molecules behave differently but don't break apart. Since they
remain essentially the same, they don't form a different material
but simply change the state of the existing material.

Matter can exist in four states: solid, gas, liquid and
plasma. In solid materials, particles are tightly packed, which
means they have a high density. All solids have a definite
shape, mass and volume, which prevents them from
conforming to the shape and volume of a container where they
are kept. This is one of the properties that differentiates solid
matter from liquid matter. Unlike solids, particles in liquid
matter are more loosely packed. This enables them to flow
around each other, which gives the liquid an indefinite shape.
It is this lack of a specific shape that enables liquids to conform
to the shape of containers. Liquids are also less dense than
solids. Both solids and liquids are difficult to compress.

In gaseous matter, particles are spread out indefinitely
since they have a lot of space between them. This space is also
why atoms in gases have large vibrations, and particles have
high kinetic energy.

Gases can also be confined, in which case they adjust to
the volume and shape of the container that confines them.
Unlike solids and liquids, gases can be compressed by reducing
the size of the container, which then reduces the space between
particles. A plasma, first identified in 1879, consists of highly
charged particles with high kinetic energy. Typically, plasmas
are gases that are ionized at high temperatures. Examples of
these gases include helium, neon, argon, krypton, xenon and

16



radon — all of which are noble gases and can be ionized into the
plasma state.

Stars are a good example of plasmas in the real world.
Fluorescent lights are also a type of plasma, even though they
have different physical characteristics from stars.

®°®.@
o©®

@0@0
®o 00
Plasma

Solid

Ex. I. Answer the following questions on the text:

1. What are molecules composed of?
2. Describe the structure of matter.

3. What does molecular physics study?
4. What does nuclear physics study?

5. What are the four states of matter?

Ex. II. Translate the following sentences into
Russian/Armenian:

1. The development of other sciences depends in many respects
on the knowledge of physical phenomena

2. Every physical law is based on experiments and is devised
to correlate and to describe accurately these experiments.

3. Physics is divided into half a dozen or more different fields.
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4. In all cases physics deals primarily with phenomena that can
be accurately described in terms of matter and energy.

5. The wider the range of experience covered by such a law, the
more important it is.

Ex. III. Render the text “Familiar Aspects of Matter”
Familiar Aspects of Matter

Matter was defined earlier as anything that has weight
and that takes up space. Any body of matter is always a solid,
a liquid, or a gas. Also, any substance is an element, a
compound, or a mixture. Element is a simple substance, such
as iron or nickel, that cannot be broken up into any simpler
substance by ordinary chemical means, as a compound can.
Compound is a substance that is composed of two or more
chemical elements, and whose properties, or characteristics,
differ from those of every element composing it. A mixture is
material that is made up of separate elements or compounds or
both. Air is described as a mixture of gases and dust. Solutions
are mixtures. Thus water, as it occurs in nature, is a mixture. It
is composed of pure water, dissolved oxygen and other gases
from the air, minerals that have been dissolved out of rocks and
soil, and minute plants and animals. We know that all matter is
composed of molecule9s. Molecules are almost too small to be
imagined. Yet in order to understand elements, compounds,
and mixtures more fully, it is necessary to describe still smaller
particles, namely, atoms. Molecules are solid bodies, like
infinitely small balls. Yet every molecule is believed to consist
largely of empty space. Within this space are the atoms that

18



make up the molecule. Every kind of molecule is composed of
a certain number of atoms. The kinds of atoms and the number
of each kind are always the same for any substance. The
molecule of an element, contains from 1 to 4 atoms. Thus, gold
or iron has only 1 atom per molecule. Each of the common
gaseous elements, such as oxygen or nitrogen, has 2. The
molecule of the element phosphorus has 4. The numbers of
atoms in the molecules of compounds vary from 2 to many.
Thus, the carbon monoxide molecule has 2 atoms, one of
carbon and the other of oxygen. The water molecule has 3
atoms — two of hydrogen and one of oxygen. The molecule of
either cane sugar or beet sugar contains 45. Those of certain
compounds that are parts of the bodies of living things contain
many thousands.

Water molecule

To understand why different substances, have different
properties, it is necessary to know something about electron
theory. All scientists accept this theory, though they do not
agree with respect to all details. Therefore, not all the
statements that follow are known to be true. All, however, are
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considered reasonable in the light of abundant evidence. Here
they will be stated as if they were accepted facts.

Inside the Atom. Like a molecule, an atom consists
mostly of empty space. In the center of this space is a nucleus,
or core. Inside the nucleus are one or more protons, and also
the same or a larger number of neutrons, depending on the kind
of atom (gold, oxygen, or other element). A proton is a positive
particle of electricity. A neutron is a particle of about the same
size and weight as a proton, but it has no electrical charge.
Electrons circle around the nucleus. These electrons are
particles of negative electricity. An electron is somewhat larger
than a proton or a neutron, but it weighs only about one two-
thousandth as much. There is 1 electron outside the nucleus for
every proton inside it.

Structure of Atom
(]

0 @® rroton

o @ Nuetron
SPEAKING

Ex. IV. Make a short presentation on the following topic.

What is the role of physics in everyday life?

Try to use the following expressions:
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Firstly, first of all, to begin with, secondly

At the same time, in the meanwhile, for the time being
The reason for this is, the cause of this is

As a result of this, consequently, therefore

Ex. V. Work in small groups. Read the answers to the
question “Why did you choose physics?” Why did you
choose to do a physics course at university?

I did not choose physics. Physics offers something that other
Physics chose me! (( theoretical subjects cannot - you can
see real life applications of it directly.
W y, —
I've wanted to study physics for almost as long as | can —
remember. | love the feeling of solving a really tough To me, it repres.er.\ts purity Of
problem. Especially, when I'm puzzling over it for a while, thought. No rellglon, 1o polmcs,
) ) no psychology...
then | get the A-HA! moment. That's a great feeling! J
A e (D 0 = o ARG | consider physics the most
Pl:f'\swsl is poetr).l b ) It cleaxll)d exp’lralms 'th; A e e el
f lng% l.lal COll'Slallt y 1appven aro.un .us. e \\(.)r reasonable aptitude fOr |t. l thmk
physics electrifies my soul! Physics gives meaning | have a passion for research.

and insight to the world around us.

Ex. VI. Match the field of physics with the area(s)
of its application:

NB! Each area of application can refer to more than one field
of physics.

21




FIELDS OF PHYSICS AREAS OF APPLICATION

1. Optics a) to create large capacity disks

2. Biophysics b) to develop medical imaging
instrumentation

3. Radiophysics c¢) to make new materials

4. Nuclear physics d) to set up satellite
communication

5. Nanophysics e) to build telescopes

6. Condensed matter f) to operate a nuclear reactor

physics

7. Astrophysics g) to produce computer chips

8. Particle physics h) to design and create smart
machines

9. Acoustics 1) to modify microorganisms
for biofuel and bioelectricity

10. Mechanics J) to develop atomic size
machines

k) to determine the age of an
ancient object or a person

1) to create better concert halls
m) to develop lasers

GRAMMAR EXERCISES

Complete the sentences and the text. Use Present Simple or
Present Continuous:

1. The sophomores (want) to improve the level of their English.
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2. Therefore, they (do) a language course in London at the
moment.

3. It (be) only a five-minute walk to the nearest station.

4. The train (leave) at half past eight.

5. The first lesson (begin) at 9 o'clock.

6. Unfortunately the university (not offer) sightseeing tours in
and around London.

7. Currently the students of the language school (study) at
Windsor.

8. She (work) in the laboratory right now.

9. We (not like) chemistry, we (like) physics.

10. Listen! Someone (play) the piano in the next room.

My cousin is a notorious violinist. He  (give) one or
two concerts every month. He ~ (travel) a lot and this week
he's in Tokyo. He  (stay) at a luxurious hotel. Currently
he is at his hotel. He (have) his lunch in the living room.
He  (drink) a cup of tea and he (read) a morning
paper. John is always very busy. He  (play) the violin
regularly. He  (practise) for five hours daily. He
(go) to bed late and he always (get up) very early. But
he sometimes  (get) dressed too fast, and today he
(wear) one yellow sock and one green one!

Ex. VIII. Translate the sentences from English into
Russian/Armenian paying attention to the Participle I
construction:

1. The people working in the laboratory are famous scientists.
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2. Physics is a broad science that deals primarily with
phenomena involving the transformation of matter and
energy.

3. Molecules are in rapid motion, the motion becoming more
rapid with an increase of temperature.

4. The physicist observing the phenomena discovered new
concepts.

5. Two objects being at the same temperature, the average
energy of motion of their molecules in the same.

6. The students studying at the local school often visit
international workshops.

7. While repairing the engine he found two broken parts.

8. Let’s solve an equation using complex numbers.

9. Other things being equal, iron will oxidize more rapidly than
mercury or silver.

10. The temperature being raised, the kinetic energy is

increased.

Ex. IX. Translate the following sentences into English:

1. B TeueHUHN ThICAYENCTHI JIIOASAM OBLIM M3BECTHBI TPU CO-
CTOSIHHSI BEIIIECTBA.

Tupkp owpnitwl Jwpplmpjuip huynth E wynipeh
Eptp yhdwl:

2. YerBeproe COCTOSIHUE MAaTepHH — IL1a3Ma, HAXOJUTCS BO BCE-
JICHHOH.

Umniph snppnpn Jhdwlpn' wjuquwi, quninid E nht-
qtppnud:
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3. I1lma3zma TBCPAOIO TCJIa UMCET BBICOKYIO KOHICHTPAIIUIO 3a-
PAKCHHBIX YaCTHII.

NMhung Jhdwlnid yjuquwh niith thgpwynpjws dwuthy-
ukiph pupdp Yntigtnpughw:

4. ConHuie, 3Be3/1bI 1 MOJIHHMS IPEACTABIISIOT COOOH TOXKE IIa3MY.
Uplip, wuninbtpb ot juybwljp tnyuy bu wjuquw Gu:

5. Ilna3ma TBeproro Teia 00iasaeT MHOTUMU CBOWCTBaMH ra-
30BOH IIa3MBbl.

NMhug dwupduh wyuquw nith ququjhtt wyuquwh pwug-
dwphy hwnlnipniutbp:

LISTENING

Scan the QR code, watch the video and answer the
questions on the topic:

1. What example is offered to describe the law of conservation
of angular momentum?

2. What is the Hubble Space Telescope invented for?

3. How does the author offer to study complicated things in
science?

4. What three life-support systems does the author mention?




Enjoy yourself

A chemistry professor chalked a formula HNO3 on the
blackboard. Then he looked around and pointed a finger at the
sleepiest member of the class.

“Identify that formula”, he demanded.

“Eh, ah,” started the unhappy student. “I’ve got it right on the
tip of my tongue, sir”.

“In that case,” said the professor softly, “you’d better spit it out,
my boy. It’s nitric acid”.
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UNIT II.

Ex. I. Read the text paying attention to the new
vocabulary:

Not everything that counts can be counted and
not everything that can be counted counts
Albert Einstein

UNITS OF MEASUREMENTS

Much of physics deals with measurements of physical
quantities such as length, time, velocity, area, volume, mass,
density, temperature and energy. Many of these quantities are
interrelated. The measurements of physical quantities are
expressed in terms of units, which are standardized values. For
example, velocity is length divided by time. Density is mass
divided by volume. Volume is a length times a second length,
times a third length. Most of the physical quantities are related
to length, time and mass, therefore all the systems of physical
units are derived from these three fundamental units. The
standard metre of the world was originally defined in terms of
the distance from the North Pole to equator. This is close to
10,000 kilometres or 107 (ten to seventh power) metres. By
international agreement the standard metre of the world is the
distance between two scratches made on a platinum-alloy bar.
It is kept at the International Bureau of Weights and Measures
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in France. The square metre (m?) is an MKS unit of area while
the cubic metre (m?) is an MKS unit used to measure volume.

Some physical quantities are more fundamental than
others. In physics, there are seven fundamental physical
quantities that are measured in base or physical fundamental
units: length, mass, time, electric current temperature, amount
of substance, and luminous intensity. Units for other physical
quantities (such as force, speed, and electric charge) described
by mathematically combining these seven base units. In this
course, we will mainly use five of these: length, mass, time,
electric current and temperature. The units in which they are
measured are the meter, kilogram, second, ampere, kelvin,
mole, and candela. All other units are made by mathematically
combining the fundamental units. These are called derived
units.

S| Base Units

Name Typical symbol Name Symbol

electric current ampere

amount of substance

thermodynamic temperature m

luminous intensity candela

[\
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Study the basic vocabulary

Word Pronunciation | Translation

Adopt, v /o' dopt/ YCBOUTH, MPUHUMATh
nlmniity

Commit, v /ka ' mit/ coBepIarth (YTo-Tu00
nypHoe), Junuply

Conversion, n /kon'v3:[n/ nepexon (K yemy-
n1n60), thnpuwljbip-
wnid

Cubic, adj /'kju:bik/ KyOMYeCKHil caHTH-
MeTp, junpwliwnn

Decimal, adj /"desiml/ JICCATUYHBIM,
nwulywly

Dimension, n /dar ' men/n/ HU3MEPEHUE, ACTICKT,
hwppnipnLh,
nwpwonipnLh

Divide, v /d1'vard/ paznenstb(cs),
pwdwibty

Density, n /"densati/ IUIOTHOCTD,
hanniynih

Derive, v /d1'rarv/ MPOUCXOTUTH, Owgh

Distance, n /' distons/ paccTosiHue,
htinwynpnipinLh

Equal, adj /"1:kwal/ paBHbIH, huuuwp

Interpret, v /m't3:prot/ HCTOJIKOBBIBATH,
dtibwpwibity

29



Modify, v /'modifar/ MOIU(PHUIUPOBATH,
thnthnfuti

Multiply, v /"maltiplar/ YBEJIMUYUBaATH(CS),
pa3MHOXaThb(cs),
puquuyunyjty

Obtain, v /ab'temn/ noirydath, Gtinp ptinty

Refer, v /r1'13:(r)/ oOpaiuarbscs K 4emy-
6o, hnti, nhity

Shift, n /fft/ CIIBUT, U3MEHEHHE,
wmbtinuithnpunid

Square, adj /skwea(r)/ KBaJpat, punwljniup

Supplementary, | / sapli' mentri/ | TOTOTHUTEIBHBIMH,

adj huwtiguy

Unify, v /" junifar/ 00BETUHSATD,

thwglity, thunpty

Velocity, n

/va'lpsati/

CKOpOCT®,
wipugnipynih

Volume, n

/"volju:m/

KOJINYECTBO, 00BEM,
owuy

Voluntary, adj

/"vplantri/

0J1aroTBOPUTEIIHHBIH,
HEOIJIaYMBaCMbIH,

Juiwywljut

Weight, n

/wert/

BeC, pui, hphn

Ex. II. Answer the following questions on the text:

1. What is a unit?

2. What are the three fundamental units?
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3. What systems of measurement are widely in use all over the
world?

4. How meter was originally defined?

5. Where is it kept?

6. What standard unit is used for measuring area, volume, mass,
time?

Ex. III. Give English equivalents for the following words
and expressions:

Mepsr uzmepenust/suthiwlt dhuynpbbip, dusnueckue emnu-
Hulpl/ dhghjujub  dhuwynplitip, cxopocts/winuigniejnii,
wIoTHOCTR/ funnipynil, mHa/tipuipnieynil, BeBecTH/NNLNU
plipti, merpuueckas cucrem/utimpuyhtt hwdiwlwpg, cran-
napTHeld MeTp/ unmwbnupun dtump, MexxayHapogHoe corma-
menne/dhouiqquyhtt hwdwawybwghp, kybuueckwii/fjunpw-
twunn, citas/fuwnbinipr, cnutok/ann, wrpux/2uphhu:

Ex. IV. Give Russian/Armenian equivalents for the
following words and expressions:

To deal with, measurements, physical quantity, length,
velocity, mole, candle, area, volume, to time, to derive from,
mass, fundamental units, equator, conversion, scratch,
platinum alloy bar, square metre, cubic metre, ampere, decimal,
dimension, in terms of, to combine mathematically, electric
current.
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Ex. V. Choose the appropriate option and fill in the gaps:

1. Unit is a ... adopted as a standard of measurement.
(quality/quantity)

2. Velocity is length ... by time. (multiplied/divided)

3. The second is a unit for measuring time in ... (MKS/ all
systems)

4. ... 1is a mathematical operation. (dimension/division)

5. The square metre is an MKS unit of (area/volume)

6. Foot is a unit of ... in the English system of measurement.
(area/length)

Ex.VI. Complete the following table with verbs and nouns
to describe mathematical processes:

Sign Noun Verb

+
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Ex.VII. Match the mathematical operations with the words
from the column:

1. Cube root a) %

2. Fraction b) v

3. Linear equation )y=4x+6

4. Square root d) v

5. Quadratic equation e)x?—6x+9=0

Ex. VIII. Speak out the following scientific terms, signs:
b’ a 100 a<b a>b a+b=c a-b=c

ar 101" a#b {} 0 axb=c¢ a+b=c

Ex. IX. Fill in the gaps with proper words and expressions:
(light year, speed, time, distance, metric, division,
499.0 seconds)

1. Light covers the distance from the Sun to the Earth in ...
2. Km/hr is a unit of ... in the SI international ... system.
3. We define speed as ... divided by ...

4. The word ‘per’ indicates ...

5. We use It. yr. while speaking of ... .
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Ex. X. Fill in the sentences with the given international
terms:

Theorem, mechanics, energy, vector, scalar, gravitation, plus,
minus, cube, harmonic, oxides.

Lo....... motion is a component of circular motion.

2. Newton’s law of universal ......... states that every object
attracts every other object.

3. Quantities which have only magnitude are called.......

4. Quantities which have both magnitude and direction are
called.......

5. Positive charges are denoted with the sign + (...), and
negative with the sign — (....).

6. There are different types of ......... ; kinetic, elastic, heat,
chemical, electric.

7.A........ is a statement that can be demonstrated to be true.
8. There are countless particlesina ........ millimeter of gas.
9. is a branch of physical science that deals with
energy and forces and their effect on bodies.

10........ of metals when found naturally are called ores.
READING 2.

Metric Prefixes

Physical objects or phenomena may vary widely. For
example, the size of objects varies from something very small
(like an atom) to something very large (like a star). Yet the
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standard metric unit of length is the meter. So, the metric
system includes many prefixes that can be attached to a unit.
Each prefix is based on factors of 10 (10, 100, 1,000, etc., as
well as 0.1, 0.01, 0.001, etc.). The metric system is convenient
because conversions between metric units can be done simply
by moving the decimal place of a number. This is because the
metric prefixes are sequential powers of 10. There are 100
centimeters in a meter, 1000 meters in a kilometer, and so on.
In nonmetric systems, such as U.S. customary units, the
relationships are less simple — there are 12 inches in a foot,
5,280 feet in a mile, 4 quarts in a gallon, and so on. Another
advantage of the metric system is that the same unit can be used
over extremely large ranges of values simply by switching to
the most-appropriate metric prefix. For example, distances in
meters are suitable for building construction, but kilometers are
used to describe road construction. Therefore, with the metric
system, there is no need to invent new units when measuring
very small or very large objects—you just have to move the
decimal point (and use the appropriate prefix). International
system of unit is the name adopted by the Eleventh General
Conference on Weights and Measures, held in Paris in 1960,
for a universal, unified, self-consistent system of measurement
units based on the MKS (meter-kilogram-second) system. The
international system is commonly referred to throughout the
world as SI, after the initials of System International. The
Metric Conversion Act of 1975 commits the United States to
the increasing use of the metric system of measurement, further
defining metric system as the International System of Units as
interpreted or modified for the United States. At the 1960
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conference, standards were defined for six base units; a seventh

base unit, the mole, was added in 1971.

Table 1. gives the metric prefixes and symbols used to denote

the different various factors of 10 in the metric system.

Example |Example| Example Example
Prefix | Symbol | Value o
Name Symbol | Value Description
exa E 1018 Exameter Em 10'8m | Distance light
travels in a
century
peta P 1015 | Petasecond Ps 10%s | 30 million years
tera T 1012 Terawatt T™W 102W | Powerful laser
output
giga G 10° Gigahertz | GHz 10°Hz | A microwave
frequency
mega M 106 Megacurie | MCi 10°Ci | High
radioactivity
kilo k 103 Kilometer km 10°m | About 6/10 mile
hector h 102 Hectoliter hL 102L | 26 gallons
deka da 10! Dekagram | dag 10'g | Teaspoon of
butter
- - 10°¢=1)
deci d 1071 Deciliter dL 107L | Less than halfa
soda
centi c 1072 | Centimeter | Cm 10~2m | Fingertip
thickness
milli m 103 | Millimeter | Mm 1073m | Fleaat its
shoulder
micro i 10=¢ | Micrometer pm 107® m | Detail in
microscope
nano n 107° | Nanogram Ng 107% | Small speck of
dust
pico p 10712 | Picofarad pF 10~'2F | Small capacitor

in radio
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femto f 10-%5 |Femtometer | Fm 10~'>m | Size of a proton

atto a 10718 | Attosecond as 107185 | Time light takes
to cross an atom

Ex. I. Answer the following questions on the text:

1. When was the Metric Conversion Act adopted?

2. How many basic units were initially defined?

3. What was the last base unit added to the SI system?
4. Are the names of all units the same in all languages?

Ex. II. Render the text “Units of Measurements”:

SPEAKING

Make a short presentation on the following topic:
“The contemporary metric systems in physics”

1. Are there any safety rules you have to keep to when you
work in a lab?

2. Work in small groups. Read some of the lab safety
instructions. Discuss and sort out the things you should do
and shouldn’t do when working in the lab under these
headings.
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Do’s Don’ts
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Ex. IV. Label the pictures and give definitions to the
devices:

a) ammeter b) oscilloscope c) dosimeter d) electronic balance

e Do you use these instruments at your physics lab classes?
e What other instruments and devices do you use in your
university physics laboratories?

WRITING

Ex. V. Search the Internet to find information about one of
the most advanced devices or tools used in modern physics:
Write a brief description of this tool/device. Make sure to
include the information about its parts and components,
operation and application. Follow the guidelines to help
you.

e The way it operates

e [ts size, parts and components
e Areas of its application
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Ex.VI. Here are some of the instruments used in physics.

Give their Russian/Armenian equivalents and check if you

know their functions:

Accelerometer
Diffractometer

Electronic capacitor

Laser
Manometer
Multimeter

Mass spectrometer
Photometer

Refractometer
Spectrometer

Thermocouple
Viscometer
Voltmeter

an electromechanical device used to measure acceleration forces

an instrument for studying atomic crystal structure by measuring the
angles at which x-rays, neutrons, or electrons are diffracted by matter

a device that can be charged up with electrical energy, store it and then
release it

a device that produces coherent light by stimulated emission of radiation

an instrument that uses a column of liquid to measure pressure

an electronic measuring instrument for measuring voltage, current and
resistance

a device used to measure the mass of atoms or molecules

an instrument for measuring light intensity or optical properties of solutions
or surfaces

an instrument used to measure refraction of light

an instrument for measuring properties of light over a specific portion of the
electromagnetic spectrum, typically used in spectroscopic analysis to identify
materials

a sensor for measuring temperature in wide temperature ranges

an instrument used to measure the viscosity of a fluid

an instrument used for measuring electrical potential difference between two
points in an electric circuit

Grammar exercises

1. Complete the sentences and the text. Use Past Simple or

Past Continuous:

1. When I (do) my laboratory experiment, I (break) a bulb.

2. He (drink) some juice and then he (eat) a few chips.

3. I (have) dinner when I suddenly (hear) some noise.
4. When Mr.Johnson (work) in the garden, an old
friend (pass) by to see him.
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5. When it (start) to rain, our dog (want) to come inside.
6. When Jane (do) a language course in Ireland,

she (visit) Blarney Castle.

7. When I (be) on my way home, I (see) an accident.

8. I (not / understand) what they (talk) about.

2 Sometimes I hate computers! Once, when I (try) to do my
English homework on my laptop, the battery (run out). I (lie)
on my bed and I was listening to music on Spotify. It helps me
to concentrate. I also (chat) to my friend Sam on Facebook. OK,
so I (not concentrate) very hard on my homework and I (forget)
to plug in my laptop! I didn’t notice that the battery was getting
low. I was just finishing the essay when the screen (go) black.
I (lose) everything. I (scream) in frustration. My dad (come)
running into my bedroom. I almost (cry) so he (give) me his
laptop. I (try) to remember everything in my essay — it (be)
quite difficult especially because Daniel was sending me lots
of funny videos. Anyway, while I was watching one, the WiFi
stopped working. In the end it was probably better because I
(manage) to finish the essay.

Ex. VII. Translate the sentences into Russian/Armenian:

1. Unless various units of the MKS system had possessed
simple and logical relationships, they wouldn’t have been basis
of the SI Units.

2. If the standard meter of the world had been made on a gold
or silver alloy bar, it shouldn’t have been so accurate.
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3. If any law of physics were wrong, this should cause a change
in our standards of length and time.

4. Unless the scientists had developed atomic clocks, we
wouldn’t have had so accurate standard of time.

5. Unless the accuracy of the optical clock developed by the
Soviet scientists had been still greater, the atomic clock would
have been the most accurate now.

LISTENING

Scan the QR code, watch the video and answer the
questions on the topic:

1. What does French Revolution have to do with the metric
system?

2. Which system replaced the Roman numerals and fractions in
the Middle Ages?

3. Which country is among the three ones that preserved their
own metric system?

4. Is the speed of light a universal constant?
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Enjoy yourself

Professor: If you were in Africa and saw a lion coming, what
steps would you take?

Student: The longest steps I could.
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UNIT III.

Ex. I. Read the text paying attention to the new
vocabulary:
The energy of the mind is the essence of life
Aristotle

ENERGY

There is a law governing all natural phenomena. There is
no exception to this law-it is exact so far as we know. The law
is called the conservation of energy. It states that there is a
certain quantity, which we call energy that does not change in
manifold changes which nature undergoes. Energy has a large
number of different forms, and there is a formula for each one.
These are: potential energy, kinetic energy, waste energy,
elastic energy, electrical energy, chemical energy, radiant
energy, nuclear energy.

Let's consider a pendulum to illustrate one of the types of
energy. If we pull the mass aside and release it, it swings back
and forth. In its motion, it loses height in going from either end
to the center. Where does the potential energy go? Gravitational
energy disappears when it is down at the bottom: nevertheless,
it will climb up again. The gravitational energy must have gone
into another form. Evidently it is by virtue of its motion that it
is able to climb up again, so we have the conversion of
gravitational energy into some other form when it reaches the
bottom. There are many other forms of energy. There is
electrical energy, which has to do with pushing and pulling by
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electric charges. There is radiant energy, the energy of light,
which we know is a form of electrical energy because light can
be represented as wigglings of the electromagnetic field. There
is chemical energy, the energy which is released in chemical
reactions. Our modern understanding is that chemical energy
has two parts, kinetic energy of the electrons inside the atoms,
so part of it is kinetic and electrical energy of interaction of the
electrons and the protons- the rest of it is electrical. Next we
come to nuclear energy, the energy which is involved with the
arrangement of particles inside the nucleus.

It is obvious that the law of conservation of energy is
enormously useful in making analyses and is very important.

Study the basic vocabulary

Word Pronunciation Translation
Aim, n /etm/ ens, huyyunuly
Attempt, n /9" tempt/ HOMBITKA, thnpd
Challenging, /'tfelindzm/ | TpyaHBIH, TpeOyromuit
adj HaIPSOKEHUS,

dwpunuwhpuytip
Conception, n /ken'sep/n/ | mpenacTaBieHHE,

noHumanue, tplinype

Convert, v /kon'v3:t/ MEPEBOUTH, IEPE00o-
pyzaoBats, thnjuw-
Ylipuyty

Conversion, n /kon'v3n/ | mepexon (k uemy-nubo0),

wbgnid
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Conservation, | / konso'ver/n/ | coxpaHeHue,

n ywhywinid
Consideration, | /kon sido'rerfn/ | paccmoTpenue, o0ay-
n MBbIBaHHKE, hunnwpynid

Estimate, v

/' estimert/

IIOACYMUTHIBATD,

olleHnBaTh, gwhwnly

Equivalent, /T’ kwrvolont/ | paBHOLIGHHBIA,

adj COOTBETCTBYIOILUH,
hudwyuunuuhiub

Force, n /fa:s/ cuia, Bo3jaeicTeue, nid

Gain, v /gem/ M0JIy4aTh, IpHUo0-
petats, dlinp ptipty

Heat, n /hi:t/ xKapa, TerIo,
otipdniejnLh

Mutual, adj /'mju:tfusl/ | B3aUMHBIH,
thnjuununa

Nuclear, adj

/'njuklia(r)/

snepHbIi, thonijuyht

Pendulum, n

/"pendzolom/

MasATHHK, ntwbuly

Propose, v /pra‘'pavz/ npeaJiaraTh,
wnwewnlty

Radiant, adj /'rerdiont/ CHUSIIOLINM, JTy4Ye3apHbl,
InLuwpdwlynn

Release, v /r1'lizs/ 0cB0OOOXKaaTh, Wndwty

Remain, v /r1' mein/ OctaBatbest , Uhuy

Sum, n /sam/ cymmMma, gniduip

Strike, v /stratk/ YAapsATh, CTYKHYTb,

hupjuoty
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Tension, n /"tenfn/ HaNPsHKEHHOCTD,
Junned

Undergo, v / ando’'gou/ | MEpEHOCUTH, TIOJBEP-
rarbes, hibpupiyl

Ex. II. Answer the questions on the text.

. What law governs all natural phenomena?

. What does the law of conservation of energy state?
. Illustrate the existence of energy by examples.

. What energy is released in chemical reactions?

. What fuel is the main source of energy?

. Can we get energy from uranium?

. Can we get energy from hydrogen?

0 N N L AW N~

. Is solar energy used nowadays?

Read the text “Types of Energies” and think of other
examples of energies in nature:

Types of Energies
Potential Energy

Potential energy is stored energy. It is energy that is
stored in a body as a result of the body’s having been lifted,
compressed, stretched, twisted, or bent. Thus, bodies have
potential energy if they are where they could fall, slide, or roll.
Therefore, anything that you hold in your hand has potential
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energy because it is in a position to fall. A skier on a mountain-
side has potential energy because he is in a position to slide. A
car parked at the top of an incline likewise has potential energy.
It is in a position to roll to the bottom. In all these cases the
objects have energy because of gravity.

When any of these bodies has reached level ground,
however, it no longer has potential energy due to its position.
The potential energy that it had was changed on the way down
to energy of motion and heat energy. Likewise, when objects
that have been compressed, stretched, twisted, or bent return to
their normal conditions, they no longer possess potential
energy. The potential energy that they had as a result of their
strained conditions was changed to energy of motion and heat
as they resumed their normal shapes. The chemical energy
stored in substances such as foods, fuels, and explosives is also
potential energy. The potential energy thus stored can be
changed by burning or by other means to light, heat, or other
forms of energy.

Kinetic Energy

Kinetic energy is the energy in motion. Any moving body
has kinetic energy. Many bodies have both potential and kinetic
energy at the same time. Thus, when a basketball strikes the
floor, the air inside it is further compressed. This compression
gives the ball potential energy. But while the ball is rising from
the floor in a bounce, its potential energy is being changed into
kinetic energy. By the time it has reached the top of its bounce,
all its kinetic energy has been changed to potential energy of
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position. Then, while it is falling again, this potential energy is
being changed to kinetic energy.

Wasted energy

Any form of energy can be changed into other forms
without loss. Part of it, however, is always likely to be changed
into one or more forms that at the time we cannot use. For all
practical purposes that energy is wasted. Sometimes it does
harm. To illustrate, the gasoline that is put into a car is potential
energy, and so also are the chemicals in the battery. As the car
runs, part of the potential energy of the gasoline and the battery
is changed to useful kinetic energy, to light, and to current
electricity. But much of it is changed, also, to heat energy. This
change takes place in the engine. In all the moving parts, in the
wiring, and in the lamps. As much heat is sometimes thus
produced as would be needed for heating several rooms. Most of
this heat is wasted energy because it serves no useful purpose.
Moreover, if enough of it were not continuously removed, it
would quickly ruin the engine, the battery, and the wiring. No
doubt you can think of other damage that it would do.

Ex. I11. Find the equivalents:

to calculate B HeKOTOpoii ctenenu/hte-np
swithny]

to conserve paccmatpuBaTh/nhmwupltip

to release osarogaps yemy-an6o/2anphhy
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possible TOYHBIN/G2qphwn

by virtue of smth ocBoOoxkIaTh/wpawlti]

to a certain extent | Bo3MoxkHbII/hwjuwbhwljwub

exact coxpanaTs/uyuwhuywiitiy

to consider BbIYuCaATH/ hwpqupl i

Ex. IV. Give Russian/Armenian equivalents for the
following words and expressions:

Conservation, manifold, to undergo changes, formula,
gravitational force, kinetic, chemical energy, radiant, nuclear
power, mass, pendulum, to release, to swing, potential energy,
pulling and pushing, wigglings, electric charge, interaction,
particles, nucleus, considerations, strained conditions, to
resume, due to, to do damage, wasted energy, to bounce off,
loss of energy, to twist, to bend.

Ex. V. Give English equivalents for the following words
and expressions:

Yactuma/dwubhl, moaseprarscs/tiipuunlyti, komugectBo/
pwbtuly, mastaux/Gnbwbtiwly, noreps sueprun/Lutinghuwyh Yn-
nniuwn, npyxkuaa/quuyubiuly, yeaosue/ujujdwil, KOHBEpTHPO-
Bate/thnfuwjtipyti, asmwkenue/pwupdnid, Tonkate/hply, Ts-
HyTh/Gqti|, 3apsan/ihgp, BKIouaTh B cebOst/bipwunt), moaudu-
karus/thnihnpunigynili, ocBoboxmaTe/wipdwljti, wucyesats/
wilthtimwinuy, coxpanenne/uyyuhuyyubiniy:
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Ex.VI. Make up new words using prefixes and suffixes:

eliminate push
calculate experiment
reduce connect
arrange exist
observe value
nature

smooth

centre

rotate

attract

Ex.VII. Arrange the following words according to the

parts of speech they belong to:

Physics-physicist-physical, nature-natural, experiment-
experimental, theory-theoretical, definite-definitely, accurate-
accurately, primary-primarily, central-centrally, positive-
positively, negative-negatively, to observe-observation, to
describe-description, to relate-relation, to transform-
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transformation, to investigate-investigation, to attract-

attraction, to interact-interaction, to connect-disconnect,

period-periodic, to produce-production-productive,

gravitation-gravitational, to add-addition-additional, to

convert-conversion, to conserve- conservation, to arrange-

arrangement, to exist- existence.

Ex. VIII. Match the beginnings and endings of the

sentences:

Beginnings

Endings

1.Energy is the ability

a)distance times effort

2.Nuclear fission is the

b)two or more small nuclei

splitting to produce energy
3.Nuclear fusion involves ¢) to do work

combining

4.Energy equals d) that increases the effect

of a force

5.A machine is any device

e) of the nucleus of an atom

6.The ray that bounces off
the surface is

f) at a speed of
3.0*10"8 m/s

7.When light reflects from a
surface the incoming ray

g) the umbra

8.The very dark region of a
shadow is called

h) and so create a shadow

9.Light travels in a vacuum

1) is called the incidents ray

10.Light can’t pass through

opaque objects

j) called the reflected ray
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Ex. IX. Finish the sentences based on the information
obtained from the text:

1. The law of conservation of energy states that....
2. The forms of energy are....

3. The energy never disappears, instead it....

4. Electrical energy has to do with....

5. Chemical energy has two parts ....

6. Nuclear energy is involved with ....

7. Law of conservation of energy is useful in ....

READING 2.

The Law of Conservation of Energy

Heat is the most active, powerful and mysterious
phenomenon of Nature. Once it was a really challenging
problem to physicists. The first to estimate the mechanical
equivalent of heat was Robert Mayer (1842). Soon it was also
proposed by Joule and later by von Helmholtz. Mayer was led
to the conception by general philosophical considerations of a
cosmical kind. He was struck by the analogy between the
energy gained by bodies falling under gravity and the heat
given off by compressed gases. Joule was led to the idea first
by experiments aimed at finding out how far the new electric
motor could become a practical source of power. Helmholtz in
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1847, by an attempt to generalize the Newtonian conception of
motion to that of a large number of bodies acting under mutual
attraction, showed that the sum of force and tension, what we
would now call kinetic and potential energy, remained the
same. This is the principle of conservation of energy in its most
formal sense.

Ex. X. Translate the following sentences from
Russian/Armenian into English:

1. Kunerdeckasi 3HEprusi 3aBUCUT OT MacChl U CKOPOCTH JIBH-
JKCHHUS Tella.

Yhutimhl Cuipghwt juujwd £ dupitth quaqjuohg
tipw 2wupdiwb wpwgniE)niihg:

2. Macca Tena He MEHSETCS NPH MEePexo]e OT OJHOW WHEp-
[IUATLHOW CCTEMBI OTCYETa K JAPYTOH.

Uwpidth quiqjudp sh thnjugnui dkly  hukpghuy
hwiwljupqhg dynruptt mbghtijhu:

3. TloTeHuMaNbHAsT SHEPTHs MPUCYIIA BCEM TENaM, KOTOPbIE
00J1a1al0T NOTEHIUAIIBHOM CIIOCOOHOCTHIO COBEPIIATh padoTy.
Mnutiighw) Liipghw@ pinpn) £ pninp dwpdihbbtipht,
npntp nLilit wuiwmwbhp juwmwptne nLtbwlnyenih:
4. Bo Bcex sIBJIICHUSIX, IPOUCXOISIINX B TIPUPOJIC, SHEPTHSI HE
BO3HHMKACT U HE UCUEC3ALT.

£nnp tplunypbtipnud, npntp wmtinh b nmbtbtnud phne-
PJul kg, Litipghw sh wnwowtinud b sh wbhtimwtinui:
5. Cuia TsDKECTH TPONOpPIMOHAIbHA Macce Tella, Ha KOTOPOoe
OHAa JICHCTBYET.
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Owipnipjui nudp mnhn hwitdwnwlwh L dwpdih
quiquoht nph ypw wyh wgnnd k:

SPEAKING

Make a short presentation on the following topic
“Alternative means of energy — Solar Energy”.

Grammar exercises

Modify Infinitive Constructions using relative pronouns
(that, which, what...):

1. We know an alternating current to be continually changing.

2. Newton considered light to consist of very tiny particles-

corpuscles.

3. We shall consider the core to be inert, and we will allow the

particles to populate all states of the open shell.

4. The measurements are translated into color pictures to show

the distribution of the particles over the test area.

5. Lelyuk found the lubricating qualities of certain oils to

increase with dirtiness under extreme friction conditions.
Key: 1.We know that an alternating current is

continually changing.
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LISTENING

Scan the QR code, watch the video and answer the
questions on the topic.

1. What does renewable energy need?

2. How much space do we need for nuclear power, solar power,
wind power?

3. Where do we get electricity according to the 2020 data?

4. Do nuclear plants emit greenhouse gases?

Enjoy yourself

In one of his lectures a well-known mathematician said:
“Every person has a certain horizon. When that horizon
narrows down and becomes infinitely small, it turns into a
point.”

That is when a person says: “This is my point of view.”
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UNIT IV.

Ex. I. Read the text paying attention to the new
vocabulary:

I can calculate the motion of heavenly
bodies but not the madness of people
Isaac Newton

NEWTON'S LAWS OF DYNAMICS

The discovery of the laws of dynamics, or the laws of
motion, was a dramatic moment in the history of science.
Galileo made a great advance in the understanding of motion
when he discovered the principle of inertia: if an object is left
alone, is not disturbed, it continues to move with a constant
velocity in a straight line if it was originally moving, or it
continues to stand still if it was just standing still.

But how does an object change its speed if something is
affecting it? That is the contribution of Newton. Newton wrote
down three laws. The First Law is a mere restatement of the
Galileon principle of inertia. The Second Law gave a specific
way of determining how the velocity changes under different
influences called forces. The Third Law describes the forces to
some extent.

Newton’s first law of motion states the following:

1. A body at rest tends to remain at rest.

2. A body in motion tends to remain in motion at a
constant velocity unless acted on by a net external force.
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(Recall that constant velocity means that the body moves in a
straight line and at a constant speed.) At first glance, this law
may seem to contradict your everyday experience. You have
probably noticed that a moving object will usually slow down
and stop unless some effort is made to keep it moving. The key
to understanding why, for example, a sliding box slows down
(seemingly on its own) is to first understand that a net external
force acts on the box to make the box slow down. Without this
net external force, the box would continue to slide at a constant
velocity (as stated in Newton’s first law of motion). What force
acts on the box to slow it down? This force is called friction.
Friction is an external force that acts opposite to the direction
of motion. Think of friction as a resistance to motion that slows
things down. Consider an air hockey table. When the air is
turned off, the puck slides only a short distance before friction
slows it to a stop. However, when the air is turned on, it lifts
the puck slightly, so the puck experiences very little friction as
it moves over the surface. With friction almost eliminated, the
puck glides along with very little change in speed. On a
frictionless surface, the puck would experience no net external
force (ignoring air resistance, which is also a form of friction).
Additionally, if we know enough about friction, we can
accurately predict how quickly objects will slow down.

The Second Law states that the motion of an object is
changed by forces in this way: the time-rate-of-change of a
quantity called momentum is proportional to the force.

So, momentum is not the same as velocity. Weight and
inertia are proportional, and on the earth’s surface are often
taken to be numerically equal. We must use the term mass as a
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quantitative measure of inertia, and we may measure mass, for
example, by swinging as object in a circle at a certain speed and
measuring how much we need to keep it in a circle. In this way
we find a certain quantity of mass for an object. Now the
momentum of an object is a product of two parts: its mass and
its velocity. Thus Newton’s Second Law may be written
mathematically in this way:

Fnet=ma where Fyec (or ) F) is the net external force, m
is the mass of the system, and a is the acceleration. Note that
Fret and ) F are the same because the net external force is the
sum of all the external forces acting on the system.

First, what do we mean by a change in motion? A change
in motion is simply a change in velocity: the speed of an object
can become slower or faster, the direction in which the object
is moving can change, or both of these variables may change.
A change in velocity means, by definition, that an acceleration
has occurred. Newton’s first law says that only a nonzero net
external force can cause a change in motion, so a net external
force must cause an acceleration. Note that acceleration can
refer to slowing down or to speeding up. Acceleration can also
refer to a change in the direction of motion with no change in
speed, because acceleration is the change in velocity divided by
the time it takes for that change to occur, and velocity is defined
by speed and direction. From the equation Fpet=ma, we see that
force is directly proportional to both mass and acceleration,
which makes sense. To accelerate two objects from rest to the
same velocity, you would expect more force to be required to
accelerate the more massive object.
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It is important to remember that weight and mass are very
different, although they are closely related. Mass is the quantity
of matter (how much stuff) in an object and does not vary, but
weight is the gravitational force on an object and is proportional
to the force of gravity. It is easy to confuse the two, because
our experience is confined to Earth, and the weight of an object
is essentially the same no matter where you are on Earth.
Adding to the confusion, the terms mass and weight are often
used interchangeably in everyday language; for example, our
medical records often show our weight in kilograms, but never
in the correct unit of newtons.

Study the basic vocabulary

Word Pronunciation | Translation

Constant, adj /"konstont/ MIOCTOSIHHBIM,
hwunmwwnni

Force, n /fa:s/ cuia, Bo3aeicTeue, nid

Friction, n /' frik. fon/ Tpenwue, Jthnid

Momentum, n

/ma'mentom/

JBIDKYIIAS CHJIA,
undtibn

Oscillator, n

/"psilerta(r)/

OCHUJUIATOP, Ujnninuy

Principle of

MPUHLII UHEPLIUH,

inertia httinghwyh ontitip
Predict, v /pr1 dikt/ MPEICKA3bIBATh,
Jutjuwntiuty
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Product, n /" prodakt/ Mpou3BeIeHNE (MaTeMa-
THYECKOC)
puquuyumnynid

Puck, n /pak/ maiiba, muthonuly

Slide, v /slard/ CKOJIB3UTh, uwihti

Still, adj /stil/ CIIOKOMHBIN, TUXUH,

hwlinupn

Time-rate-of-

CKOPOCTH UBMCHCHUA

change of a BEJIMYMHBI CO BPEMEHEM,

quantity wnpwgnipjub
thnthnpuninibp
Juijud duniwbiulhg

Ex. II. Answer the following questions on the text
“Newton's Laws of Dynamics”:

1. What did Galileo discover?

2. What does the First Law state?

3. What does the Second Law state?

4. Is momentum the same as velocity?

5. What is the momentum of an object?

6. Define speed, mass, acceleration, force.
7. Is velocity the same as speed?

Ex. III. Give English equivalents for the following words
and expressions:

3akonsl auHamuky/ nhiwdhljuyh opkiipliip, 3akonsr aBMXKE-
Hust/pundiwl optiiplitin, aBwkenne mmaner/Uninpuljiitinh
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pwipdnid, npuHuun uaepuuu/htinghuyh uljgpniop, nocrosn-
Hast ckopocTh/hwmunmwunnill wpwgnipinil, Bauate/wiqnti,
3ameuiaTh/nuilinunt], ompenensats /uwhdwib], ToYHBIH/
toqnhw, nponopuroHanpHbIH/hwdwsuth, macca Tena/dwpd-
th quiaigqwd, ckopocts Tena/dwpith wpwgnipynil, Bennun-
Ha umnynsca/hdwniuh WkdnipinLl, n3MeHeHne HanpaBiIeHUs

/minnnipjwd thnthnhunipynii:

Ex. IV. Give Russian/Armenian equivalents for the
following words and expressions:

To seek, to act on smth, in principle, simple, complicated,
objects at rest, in the same way, momentum, to work out
solution, in practice, to appreciate, to suppose, to fail,
countless, property, complete, velocity, to exert, time-rate-of-
change, proportional to, still, the force of gravity, to use
interchangeably, weight of an object, frictionless surface,
external force, slow down, speed up.

Ex. V. Make necessary word-formation changes and fill in
the gaps:

(scientific, gravity, mathematics, mechanics, rotate, planet,
physics, emit, move)

1. He studies mathematics. He is meant to be ....

2. His field is science. Heis a ....

3..... generally are interested in the root or ultimate causes of
natural phenomena.
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4. Luminescence is the ... of light from a body from any cause
other than high temperature.

5. The ... which will be calculated can be explained in terms of
acceleration.

6. The discoveries mention the laws of ... in general and ...in
particular.

7. The motion of bodies may be divided into three classes:
translation, ... and vibration.

8. The laws of ... motion were developed by Kepler.

Ex. VI. Make up sentences with the given words:

. four/can/Matter/exist/states/in.

. based/on/physical/Every/ law/experiment/is.

. combination/ A/ atoms/molecule/is/the/of.

. deals/ relation/ matter/Physics/with/and/the/energy/between.
. What/study/physics/ does/nuclear?

. easily/A/object/ moves/light.

. must/ We/ define/accurately/this/quantity.

. velocity/from/We/ speed/ distinguish.

O 0 3 N L B W N —

. less/A/ heavier/ moves/ rapidly/object.
10. object/changes/A/its/direction/moving.

Ex. VII. Finish the sentences based on the information
obtained from the text:

1. Newton discovered...
2. Galileo made a great advance in....
3. If an object is left alone .....
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4. The Second Law states that .....
5. We use the term mass as.....

READING 2.

Newton’s Laws of Dynamics
(Continued)

Newton’s third law of motion states that whenever a first
object exerts a force on a second object, the first object
experiences a force equal in magnitude but opposite in
direction to the force that it exerts. Newton’s third law of
motion tells us that forces always occur in pairs, and one object
cannot exert a force on another without experiencing the same
strength force in return. We sometimes refer to these force pairs
as action-reaction pairs, where the force exerted is the action,
and the force experienced in return is the reaction (although
which is which depends on your point of view). Newton’s third
law is useful for figuring out which forces are external to a
system. Recall that identifying external forces is important
when setting up a problem, because the external forces must be
added together to find the net force. We can see Newton’s third
law at work by looking at the following examples below.

As a teacher paces in front of a whiteboard, he exerts a
force backward on the floor. The floor exerts a reaction force
in the forward direction on the teacher that causes him to
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accelerate forward. Similarly, a car accelerates because the
ground pushes forward on the car's wheels in reaction to the
car's wheels pushing backward on the ground. You can see
evidence of the wheels pushing backward when tires spin on a
gravel road and throw rocks backward. Another example is the
force of a baseball as it makes contact with the bat. Helicopters
create lift by pushing air down, creating an upward reaction
force. Birds fly by exerting force on air in the direction opposite
that in which they wish to fly. For example, the wings of a bird
force air downward and backward in order to get lift and move
forward. An octopus propels itself forward in the water by
ejecting water backward through a funnel in its body, which is
similar to how a jet ski is propelled. In these examples, the
octopus or jet ski push the water backward, and the water, in
turn, pushes the octopus or jet ski forward.

Forces are classified and given names based on their
source, how they are transmitted, or their effects. Applying
Newton’s third law of motion will allow us to explore three
more forces: the normal force, tension, and thrust. The
gravitational force (or weight) acts on objects at all times and
everywhere on Earth. We know from Newton’s second law that
a net force produces an acceleration; so, why is everything not
in a constant state of freefall toward the center of Earth? The
answer is the normal force. The normal force is the force that a
surface applies to an object to support the weight of that object;
it acts perpendicular to the surface upon which the object rests.
If an object on a flat surface is not accelerating, the net external
force is zero, and the normal force has the same magnitude as
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the weight of the system but acts in the opposite direction. In
equation form, we write that N=mg

Note that this equation is only true for a horizontal
surface.

Another example of Newton’s third law in action is
thrust. Rockets move forward by expelling gas backward at a
high velocity. This means that the rocket exerts a large force
backward on the gas in the rocket combustion chamber, and the
gas, in turn, exerts a large force forward on the rocket in
response. This reaction force is called thrust.

In our discussion of Newton's laws it was explained that
these laws are a kind of program that says “Pay attention to the
forces”, and that Newton told us only two things about the
nature of forces. In the case of very complicated forces between
atoms, he was not aware of the right laws for the forces;
however, he discovered one rule, one general property of
forces, which is expresses in the Third Law, and that is the total
knowledge that Newton had about the nature of forces-the law
of gravitation and this principle, but no other details.

This principle is that action equals reaction. What is
meant is something of this kind: suppose we have two small
bodies, say particles, and suppose that the first one exerts a
force on the second one, pushing it with a certain force. Then,
simultaneously, according to Newton's Third Law, the second
particle will push on the first with an equal force, in the
opposite direction; furthermore, these forces effectively act in
the same line.
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Science teacher: “Explain Newton law of motion”
Student: “Sir, I only know the last line of it”
Science teacher: “Okay, tell the last line”

Student: “...and this is called Newton’s law of motion”

Study the basic vocabulary

Word Pronunciation Translation
Cause, v /ko:z/ MIPUYHUHSITH,
BBI3BIBATH
yuwnbwnk
Challenge, v /"tfelindz/ OpocaTh BBI30B,
OCIIapuBaTh,
dwpumwhpuytip
titinty
Combustion KaMmepa CropaHus
chamber wypiwi jughly
Cosine, n /"kousam/ KocuHyc, nuhtiniu
Complicated, /'komplikertid/ | cinoxubri, uayud
adj
Consequence, n /'konsikwons/ | mociencTBHe,
htimbwbtp
Countless, adj /'kavntlas/ OeCUMCIICHHBIMN,
wiliphy
Determine, v /d1't3:mim/ YCTaHABJIINBATh,
OTIPEIEIATH,
uwhdwiity
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Displacement, /dis'pleismant/ | BbITECHEHHE

n nepeMerieHue,
wmbtinuthnhuniynih

Eject, v /1" dzekt/ BBIOPACHIBAT,
wpunwbitinty

Enormous, adj /1'no:mas/ orpomHbIi, whntijh

Exert, v /1g'z3:t/ MPOSIBISATH, BIUSITH,

qnpdwnnby,
Yhpwnty

Experience, v

/1k 'sprarians/

HUCIBITBIBAATH, Wy,
wmwbby

Expel, v /ik'spel/ HCKJIFOYaTh, BHITO-
HATh, htinwgliti],
nnipu unti

Evidence, n /"evidons/ JI0Ka3aTeIbCTBO,
JTaHHBIE, hwuwn

Flow, n /flov/ CTpy#, TOTOK, hnup

Fluid, n /" fluad/ KUIKOCTh, htinnil

Funnel, n /' fan.al/ BOPOHKa, duqun

Furthermore, / f3:00'mo:(r)/ | kpome TOrO, 6osee

adv toro, wykiht, pugh
uyjn

Gravel, n /'graev.al/ I'paBwuii, wmlipwpuht

Globular IapOBOE CKOILIE-

cluster Hue, qinual
Juumnmbip/pnyg

Jet ski TUIPOLIMKIL,
gnuyhtl wpug-
nbpwg ininnghljtivn
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Net force PaBHOIECHCTBYIOIIAS
cwia, hwdwqnp nid

Occur, v /9'k3:(r)/ MIPOUCXOTUTD,
wwwnwhty

Pace, v /peis/ pacxaxuBaTh, puyiti

Pattern, n /"paetn/ MOJIeTh, 00pa3el,
tdiny)

Propel, v /pra pel/ [IponBurate, Unti

Recall, v /r1'ka:l/ BCIIOMHHATD,
HAIlOMHUHATb,

hhatighitsy, hholy
Ridiculous, adj /r1’ dikjolas/ Henensli, withtiptie

Seek, v /st:k/ uckats, thinnby
Simultaneously, | /sim.al ter.ni.osli/ | ogHOBpEeMeHHO,
adv dhwdwdiwbuwly
Suppose, v /s’ povz/ MpeAnoararh,
Llpwnnt)
Tension, n /"tenfn/ HaIpsKEHUE,

JaBJeHue, (unnLd

Thrust, n /Orast/ TOJYOK, yAap,

unniy, hpnid

Ex. VII. Translate the following sentences into
Russian/Armenian:

1. If an object is left alone, is not disturbed, it continues to move
with a constant velocity in a straight line if it was originally

moving.
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2. The First Law is a mere restatement of the Galileon principle
of inertia.

3. The Second Law states that the motion of an object is
changed by forces in this way.

4. Weight and inertia are proportional, and on the earth’s
surface are often taken to be numerically equal.

5. Mass is constant, the same all the time, and that, further,
when we put two objects together, their masses add.

Ex. VIII. Arrange the words given in a) and b) in pairs of

synonyms:
A B
to attempt to invent
Valid to try
to offer to include
to involve to suggest
to devise accurate
Device incomplete
Cause later
to permit reflection
Image authentic
Exact instrument
Rough to allow
subsequent reason
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SPEAKING

1. Make a short presentation on the following topic.

The development of Newtonian Era throughout history.

2. Here are some idiomatic phrases that come from science

and technology. Give their Russian/Armenian equivalents

and use them in sentences of your own.

¥" to blind someone with science

It's not rocket science!
to recharge one's batteries
(at) the cutting edge

Don't push my buttons!

T Y

light years ahead

<

to be on the same wavelength

v toget one’s wires crossed

v" awell-oiled machine

¥ an acid test

to confuse people by using technical language that they are not
likely to understand

it is easy to understand, obvious

to rest or relax in order to get back your energy
(at) the forefront of progress in a particular area
1s said to someone who 1s starting to annoy you

you are a long way in front of others in terms of development,
success, ete
to have the same ideas and opinions about something

to misunderstand each other, especially when making
arrangements
something that functions very well

a nigorous or critical test of something

71



3. Read and
physics:

Antimatter
Beam

Injector

Lepton
Neutron

Nucleon
Nucleus
Plasma
Probe
Proton
Prototype

Quark

Superconductivity

remember some of the terms used in modern

matter consisting of elementary particles which are the antiparticles of
those making up normal matter, e.g. positron/electron

a ray of light; a group of particles traveling together along a well-defined
path

the first section of an accelerator, where electrons are torn away from
atoms and accelerated to an energy sufficient for them to be injected into
the cavities of the accelerator

a subatomic particle, such as an electron, muon, or neutrino, which does
not take part in the strong interaction

a subatomic particle of about the same mass as a proton but without an
electric charge

a proton or a neutron

the central part of an atom, which makes up 99.9% of the atom's mass

a very hot, gas-like state of matter

an object or device used to investigate the unknown

a positively charged particle found in the nucleus of an atom

a first or preliminary model of something, esp. a machine, from which
other forms are developed or copied

any of a number of subatomic particles carrying a fractional electric
charge, postulated as building blocks of the hadrons. Quarks have not
been directly observed but theoretical predictions based on their existence
have been confirmed experimentally

the flow of electric current without any resistance in certain metals at
temperatures near absolute zero

Ex. IX. Translate into Russian/Armenian paying attention

to the meaning of word “one”:

1. One must use special instruments for measuring the

resistance in the circuit.

2. The history of radar is a long one, for the underlying

principle has been known to science for a long time.

3. Generally speaking, a liquid having a free surface is one on

whose surface there is absolutely no pressure.
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4. One can hardly proceed in any exploration without some
definite objective and some idea of what one is likely to get.

5. Of all the senses, vision is the only one that can make us
directly conscious of things at great distances.

6. In this presentation one should follow a logical rather than a
historical order.

7. One should know that the electric cell is a device for
converting chemical energy into electrical one.

8. Three-dimensional models often contain initial stresses
which one cannot evaluate until a test is completed.

9. Lavoisier was convinced that one may take it for granted that
in every reaction there is equal quantity of matter before and
after the operation.

10. If one seeks to determine the influence of the winds on the
surface temperature of the ocean, he must examine the
condition of the surface layers in the different seasons of the
year.

Ex. X. Translate the sentences into Russian/Armenian
paying attention to the forms of infinitives, gerunds,
passives, participle constructions and use of terms:

1. Our task is to receive new data.

2. The ray which strikes a surface is called the incident ray.

3. Before Galileo there were no accurate ways of measuring
time.

4. Elastic energy is the formula for a spring when it is
stretched.

5. The lux is a unit used to measure luminous intensity.
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6. Analysis is naturally followed by synthesis.

7. A compressed spring can be released to its natural length
without its performing any work.

8. Hydrogen is the lightest substance known.

9. Alloys of copper and tin historically were known as bronze.
10. Closely related to the true catalyzed reactions are “induced
reactions”.

Ex. XI. Translate into English:

1.Kak uaMeHsieTcs CKOpOCTb Tella, €CIM Ha HEro JICHCTBYET Ka-
Kas-To cuia?

byt £ hinjuynid dwpdth wpugnipyniap apu pu
nid Yhpunbkjn niyypnid:

2. HproTOH chopMymupoBaj TpH 3aKOHA JABHIKCHHS.
Uyntnniip uwhdwbby £ 2wpdiwh tipkip opkip:

3. IepBblit 3aKOH MPEACTABISCT MPOCTO MOBTOPEHUE TIPUHIIH-
na uHepuuu [anues.

Wnwehtt optiipp Gwhtjh Ynqihg vwhdwbwd hutip-
ghwyjh opkiph YpYanyeyniib k:

4. BTOpOi1 3aKOH IJIACHUT, 4TO CHJIa, ICHCTBYOIAs Ha TEJIO, PaB-
Ha MPOU3BECHUIO MACChI TEJIa Ha €r0 YCKOPCHHUE.

Gnlpnpn optiipp winnud L, np dwmith ypw Yhpunygwod
nidp hwjuwuwp £ dwupitth quiqudh b wpuqugiwb
wpmunpjuhbe:

5. MexaHn4eCcKHM JIBUKCHUEM Tejla Ha3hIBACTCS N3MEHEHHE C
TEUECHHEM BPEMEHH €T0 TTOJIOKCHHUS 110 OTHOIICHHIO K IPYTHM

TCJI1aM.
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Uwpitth dhuwihuljub pupdnuip pu dudiwbwlh pb-

Pwgpnii mwpwdnipjub dte dwpdth nphpph thnthn-
JuniyniLuh L wy) dwpihtatph aumdunip:

LISTENING

Scan the QR code, watch the video and answer the
questions on the topic:

1. Why does the bike move?

2. What happens when you ride your bicycle?
3. What is action and reaction?

4. How does the wheels of the bicycle spin?

Enjoy yourself

Fourteen-year-old George who helped in the grocer’s wasn’t a
fast worker. In fact, he moved very slowly indeed. One day Mr.
Jones, the grocer, called out to him:

“George, is there anything you can do fast?”

“Yes, Mr. Jones,” answered George, “I get tired fast.”
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UNIT V.

Ex. I. Read the text paying attention to the new
vocabulary:

If your hate could be turned into electricity,
it would light up the whole world
Nikola Tesla

ELECTRICITY AND MAGNETISM

If two metal spheres on insulating supports are charged
with unlike electricity and connected by a metal conductor,
electrons will flow from B, where they are in excess, to A
where they are lacking. The flow of electrons in a conductor is
called an electric current. If sphere A is continuously charged
with positive electricity and sphere B with negative electricity,
there will be a continuous flow of electric current in the
conductor. While in motion along conductor, electrons collide
with other electrons, atoms or molecules. As a result of these
impacts, energy is released in the form of heat, and the motion
of electrons along conductor is known as the electrical
resistance of the conductor.

There are several factors that affect resistance.

1) Resistance varies with the atomic structure or nature
of the conducting material. Good conducting materials such as
silver, copper, and aluminium have low resistance. Cast iron
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and nichrome (an alloy of iron, nickel, and copper) are
examples of poorer conducting materials.

2) The resistance of most metals varies directly with
temperature. The resistance of metals increases with increasing
temperature, while that of liquids and carbon decreases. There
are several metals, however, such as manganin, constantan,
nickeline, etc., whose resistance remains practically unaffected
by temperature rise.

3) The resistance of a conductor increases in direct
proportion with its length. That is, temperature being constant,
the resistance will be doubled if the length of the conductor is
doubled.

The unit of electrical resistance is ohm. The resistance in
ohms of a conductor 1 metre long and 1 mm? in cross-section
is called resistivity and is designated by the Greek letter p(rho).

The resistance of a conductor can be found from the
equation:

Rz%l where

R — Resistance of the conductor in ohms,

p — resistivity of the conductor, ohm-mm?-m

1 — length of the conductor in metres,

S — cross-section area of a conductor in mm?

The change in the resistance of a conductor per ohm of
the initial resistance and per degree change of temperature is
termed the temperature coefficient of resistance and is
designated by the letter a:

— Rt—Ro
Ro(t—t0)
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where Ro — initial resistance of the conductor

R: — final resistance of the conductor

to — initial temperature of the conductor

t — final temperature of the conductor

Study the basic vocabulary

Word Pronunciation Translation

Cancel, v /'kaensl/ YHUYTOXKATh,
aHHYJIUPOBATh,
stiqnpwugity

Coefficient, n / kour fifnt/ | koaduruent,
qnpowlhg

Conductor, n /kon'dakts/ | mpoBOAHUK,
hwnnpnhy

Collide, v /ka'lard/ CTAJIKUBAThCA,
puthu]t

Convey, v /kon'ver/ BBIPAXKaTh, Iepeaa-
BaTh, COOOIIATH,
thnhuwiighy)

Cross-section MIOTIEPEYHOE CEUEHUE,
Jwiuud hwnnye

Denote, v /d1"naot/ 0003HAaYaTh,
pnititiitiin]

Electric current JJIEKTPUYECKUH TOK,
EEiupuljub mnly

Flow, n /flav/ CTpys, IOTOK, hnup
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Influence, v

/'mfluans/

BIIHMSIHUE,
wqntignip)nii

In excess

n30bITOK, WtiignLy

oTTajkuBath, Juib]

Inversely, adv / m'v3:sli/ obparno, hujunuina

Permanent, adj /'p3:monaont/ | MOCTOSIHHBIMH,
Wunuljub

Release, v /r1'lizs/ 0CBOOOXKIaTh, OTITyC-
KaTh, wpdwynid

Precise, adj /pri1 sars/ TOYHBIN, 6)gnhwn

Remote, adj /r1' maut/ OTJaJICHHBLIH,
nanpHui, hinwynp

Repel, v /r1'pel/ OTKJIOHSATb,

Resistance, n

/11’ ZIStans/

COIIPOTHBIICHHE,
nhdwnpnipnih

Ex. II. Answer the following questions on the text

“Electricity and Magnetism”

1. What is called an electric current?
2. What is resistance?

3. What factors affect electrical resistance?

4. Define ohm.

5. What materials have low resistance?

6. Is the resistance of manganin affected by temperature rise?
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Ex. III. Give English equivalents for the following words
and expressions:

[Tocrosuupii Tok/hwunmwnnih hnuwilp, enuaunmna BeauunHbI
toka/hnuwbiph suthiwd dhwiynp, Hanpasnenue/ninnnipni,
npoBoaHuk/hwnnpnhy, crankuBarsces/pwuyti, ceuenue npo-
BogHuKa/[uylinypeh hwwnid, conporuBienune/nhiwnnne-
PnLl, TemneparypHbiii K03((GUIMEHT cONpOTHBIEHU/huiw-
nnnipjub stipduwyhlt gnpdwlhg, snexrpudeckoe momne/kky-
wmpwlwil nupw, MarautHOoe mone/Uwqihuwljull nuwn,
amnepmerp/wiytindtivp, nossimars/Ukdwghli), nonmxars/
thnppughitiy:

Ex. IV. Give Russian/Armenian equivalents for the
following words and expressions:

To associate, to accompany, to project, to term, initial
resistance, variable, vacuum, quantum, to possess, to radiate,
obvious, distinct, objective, transverse, constant, to repel, to
attract, to interact, to distribute, electrical resistance, cross-
section, permanent, precise, initial resistance, electric current,
continuous flow, to release energy, temperature rise, in direct
proportion with.
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Ex. V. Arrange the words given in a) and b) in pairs of

antonyms:
a b
valid to forbid
to permit to exclude
opaque wrong
to create careless
exact complexity
simplicity transparent
careful to destroy
to contradict hard
to include to absorb
soft rough
to emit final
initial foreign
familiar to agree

Ex. VI. Finish the sentences based on the information

obtained from the text:

1. The flow of electrons in a conductor is ...

2. While in motion along conductor...

3. The motion of electrons along conductor...

4. The unit of electrical conductor is...

5. The temperature coefficient of resistance is...
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Ex. VII. Translate the following sentences:

1. If sphere A is continuously charged with positive electricity
and sphere B with negative electricity, there will be a
continuous flow of electric current in the conductor.

2. As a result of these impacts, energy is released in the form
of heat.

3. While in motion along conductor, electrons collide with
other electrons, atoms or molecules.

4. The resistance of a conductor can be found from the
equation.

5. The change in the resistance of a conductor per ohm of the
initial resistance and per degree change of temperature is
termed the temperature coefficient of resistance.

READING 2.

The first new science to arise after the end of the
Newtonian period was electricity, in part because it was almost
the only aspect of physical science to which Newton himself
had not devoted his attention and where his great prestige did
not frighten off lesser investigators. Electricity had had a long
and legendary past. The phenomena of electrostatics and
magnetism were known to ancient men as early as 600B.C. The
ancient Greek philosophers thought magnetic and electric
forces to be of common origin.
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Science of magnetism, however, only began when its
power could be used to good purpose, as in the compass. In its
early stages however, magnetism didn’t seem to promise any
profitable application. It was a philosophic toy and lay a little
outside the interests of the time, which were turned so largely
to mechanics and the vacuum.

Some experiments with electricity were made in the early
18" century. One of them was made by the English amateur
Stephen Gray that led him in 1729 to a discovery of the
transmission of electricity.

Despite all the advances electricity and magnetism
remained mysterious and their quantitative study could not
begin until some method could be found of measuring them.
This was the work of Coulomb in 1785. He established that the
forces between magnetic poles as well as those between
charges of electricity obeyed the same laws as those of gravity,
that is, a force proportional inversely to the distance. These
experiments enabled the whole apparatus of Newtonian
mechanics to be applied to electricity, but with this difference:
that in electricity repulsive as well as attractive forces to be
found.

The multiple analogies between electricity and
magnetism made physicists think that there must be some
connection between them but it was one very difficult to find.
It was not until 1820 that through another accident at the lecture
table, Oersted in Copenhagen found that the electric current
deflected a compass needle. He thus joined together, once and
for all, the sciences of electricity and magnetism. One
immediate consequence was the invention of the
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electromagnet, then the electric telegraph and the electric
motor.

Ex. VIII. Answer the questions on the text:

1. What could you say about long and legendary past of
electricity?

2. When did magnetism and electricity appear as a science?

3. Why did electricity attract little attention during the
Newtonian period?

4. What discovery did Coulumb make?

5. Why was his discovery of great importance?

6. What did Oersted accidentally find?

7. Why was this discovery of great importance?

8. What inventions followed all these discoveries?

Ex. IX. Find equivalents:

A B
Simple [MToxoxwuii, iiwh
To term [TonnepxuBath, wowlghi
To support PazHonmMenHsbIe 3apsibl,
mwpwbnih |hgptip
To decrease [Tpocroii, hmuwpwly
Unlike charges YwMmenbmats, Wuljuutighty
Lack 3a uCKIII0YeHrneM, puugunni pjudp
As regards VYeemuuuats, wiytijug it
Except Ortrankuats, Julity

84



To repel Yro kacaercs, hiiy yapuptipnid L
To increase Henocrarok, wyuljuunipnih
Similar Jist Toro, uToObI, nnutiugh

In order to HaspiBats, ity

Ex. X. Translate the following sentences into English:

1. Benukwuit anrmuiickuii Mmarematuk U ¢pusuk Mcaak HproToH
copmynupoBan oO1IHe 3aKOHBI ABIKESHHUS TEIl.

Ubglhwugh Jts dwpbdwnhynu b $hqhinu Puwhwly
‘Unitnntp dhwlkpy ) L dwpdhutbph swpddwh punhw-
unip opkuputpp:

2.3aKk0H MHEpLHUU YacTO Ha3bIBAIOT IIEPBBIM 3akoHOM Hblo-

TOHA.

butpghuyh opkupp hwdwh Ynsynid k Unrinntth wnw-
oht opkup:

3. Bropoii 3akoH HbloTOHa TOBOPHT O TOM, KaK M3MEHSCTCS
CKOPOCTB TeJa, KOI/Ia Ha HEero JeHCTBYIOT CHIIBL.

‘Uniunnuh Gpypnpn opkupt wyt dwmupt k, pk hywbu L
dwunpduh wpwugnipiniip thnjuynud, Gpp ipw ypu wqnnid
ku nidtip:

4. 3aKoH paBeHCTBA JCHCTBUS M IPOTUBOACHCTBHS OBLIT OTKPBIT
HEI0TOHOM 1 Ha3BaH UM TPETHHM 3aKOHOM.

Ugpkgnipjul b hwjuqptgnipjut Jwuht optpp huiyn-
bwpkplkg Umninnup b wyb §nskg owpddwt Lppnpn o-
npkup:

5. Cuna neficTBUs paBHA CUJIE IPOTUBOIEHCTBUS.
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Uqgntgnipjut nidp hwjwuwp £ hwljwqnignipjut ni-
dhtu:

Read the text and think of other applications of
electricity in your daily life:

Electricity in Daily Life

In almost any kind of the country it is not uncommon for
the power to be “off” for a short time. Lightning, high winds,
or sleet storms are in most cases responsible. Usually the
service is soon restored.

Transmission of electric currents. The dangers from
electric currents in homes are relatively slight. They are
rendered so by safe-guards such as insulation, switches,
divided circuits, and fuses. All these provide protection both
against fires and against accidents to people.

Insulation. Plastics and hard rubber are the insulating
materials most commonly used for making the handles of
electric appliances. Insulation on electric appliances serves
chiefly to prevent injury from electric shock to the people who
use the appliances. Insulation on wires serves to prevent short
circuits.

Switches. All switches serve the same purposes, namely,
to complete circuits or to break them when desirable or
necessary.
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Series and parallel circuits. A series circuit is one
continuous path through which all the current must flow from
one terminal of the source of the current to the other.

Using electric currents for heating. Electricity is the
cheapest source of energy when used to run motors for doing
work. But it is expensive when use for producing heat. Coal,
oil, and gas provide heat energy at about half the cost of
producing it with electricity. Nevertheless, electricity is
increasing in use for ranges and electric heaters, as well as for
other heating appliances, because it is clean and convenient.

The heating elements of electric heating devices are
usually wires or rods made of metals or metal alloys of high
resistance. The high resistance causes these elements to
become heated to incandescence when a current passes through
them. In most cases the heat and not the light is desired. In
ordinary electric lamps, however, the light that accompanies
the heat is desired product.

SPEAKING

Make a short presentation on the following topic:

The emergence of electricity; historical background.

Grammar exercises

1. Make necessary changes using the modal verbs (should,
must, shouldn’t, mustn’t):
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1. Our scientific adviser insists on taking part in the conference
in London.

2. He advised on working hard as it was demanded.

3. The tutor doesn’t insist on repeating the experiment.

4. The teacher advised to be careful with acids.

5. He insisted on distinguishing between the center of mass and
the center of gravity.

Key: 1. Our scientific adviser says that we must take part in the

conference in London.
2. Read the article and choose the correct answer:

Dry ski slopes are a cheap and effective way of learning
to ski before you take the plunge and book that expensive
holiday in the mountains. But, as with all sports, there are
several dos and don’ts that you should know before you start.
Skiers have to be reasonably fit. Skiing can be physically
demanding. If you are in any doubt about your fitness you (1)
.......... get a check-up from your doctor before using the slope.
You (2) .......... be an experienced skier — all levels of ability are
welcome on the dry ski slope. You (3) .......... wear skis at all
times on the slope — it isn’t safe to walk on it in ordinary shoes.
(You(4) .......... bring your own skis, they are available to hire.)
You (5) .......... wear special clothes when you are on the dry
ski slope, but we recommend that you wear strong gloves as the
surface of the slope can easily burn your hands if you fall.
Because of safety regulations, children under the age of sixteen
((O) I wear protective helmets. Most dry ski slopes have a
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café or restaurant so you (7) .......... to bring your own food or
drinks. But remember that food and drinks (8) .......... be taken
onto the ski slope at any time, because of the risk of accidents.

1. A will need to B mustn’t C won’t need to
2. A needn’t B must not C don’t have to
3. A need B don’tneedto  C must

4. A have got to B don’thaveto  C have to

5. A needn’t B mustn’t C don’t have to
6. A didn’thaveto B must C need

7. A must not B needn’t C don’t need

8. A needn’t B must not C don’t need to

Ex. XI. Translate the following sentences into English
paying attention to the modal verbs:

1. Bo3MOXHO, YTO B MHUpE CYIIECTBYIOT HEKOTOPBIC APYTHE
YaCTUIIBI IOMHMO HEHTPOHOB U IIPOTOHOB.

Zuwpuynp E, np wppawphnid akjunpnuttiphg b yjpnwnni-
ukphg pugh wy] dwubthljukp jut:

2. To xxe camoe MOXKET HpOPI301>iTPI C aTOMaMi B MarHuTHOM
IIoJIC.

‘Unyup jupnp E junwpdl] dwquhuwlwbt quonh w-
wnndukph htwn:

3. B xauecTBe nmpuMepa «BEKTOpa» MOKHO yKa3aTb CKOpPOCTb,
UMITYJIbC, CUITy U YCKOpPEHHUE.
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«qdkljwnnph» ophtw] Ywpnn ku jhtbk] wpwgnipgniup,
huwnijup, nudp b wpuqugnudp:

4. KonaeHcopHas IMH3a MOXET ObITh IMPHUMEHEHa, KOrja Mc-
TOYHUK CBETa CIA0BIH.

Ununkbunpujhtt nuyiyulp Yupnn L Yhpundty, Gpp iny-
up wpnipp poy B

5. HyxHO pa3nuyath HEHTP MAacChl M LEHTP TSKECTH.

NMEwnp E nwpplpk] quiuqush YEunpnup swupnipjut
yEuwnpnihg:

6. Cnenyromas npobiaema, KOTOPYIO MbI JJOJDKHBI PEIIHTh: YTO
TOJIy9UTCS, €CIU Tella IMEIOT JIBE Pa3HbIC MACCHI.

Zwgnny juihpp, npp Ukup whwnp | nidkup, uyb L, p his
E whnh mubkunud, tpt Jwpdhtubpt mukh Epynt wnwp-
pbn quiqyuéstp:

7. JlaBaiiTe BBIYMCIMM MCXOZS M3 BTOPOro 3akoHa HeroroHa,

KaK JJOJDKHA MEHSTBCSI KHHETHYECKas SHEPIUsL.
Zwpytup, hhdugtny Uninnuh tpYpnpy opkuph {Ypu,
Pt hyybku ykwp k thnpugh Yhubknhy Fukpghwi:

8. BaMm ciieqryeT ObITh OCTOPOKHEE € KUCIOTAMH.

NMkwp k qgny2 Jupyky pentubph htwn:

9. BaM He Hy»HO IPUXOAUTH B 5 YaCOB.

dudp 5-htt qunt Yuphp shu:

10. Ham Hy>xHO HaiiTh apyryto Gpopmy SHEpruu.
Ukup whwnp k qunukup Lukpghwgh wy inbuwl:
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LISTENING

Scan the QR code, watch the video and answer the
questions on the topic:

1. Who was the first to detect electrical phenomena?

2. What did William Gillbert discover?

3. What is the difference between electric and elastic properties
of an object?

4. What is a lightning cloud according to Franklin?

5. How do the electrons flow?

Enjoy yourself

Science teacher: Are you sleeping in class?
Student: No teacher. Head is falling down due to gravity.

91



UNIT VI

Ex. I. Read the text paying attention to the new
vocabulary:

Science is spectral analysis. Art is light synthesis
Karl Krau

REFLECTION AND REFRACTION

All substances have the power to reflect light (to a greater
or lesser degree), to turn it back into the medium from which it
came. Light that is not reflected is either absorbed (in an opaque
substance) or transmitted (in an optical medium). Most
ordinary substances reflect light selectively, certain
wavelengths (color) being reflected, while the others are
absorbed. This phenomenon accounts for the coloring of
ordinary objects, whose hue is that of the light which they
reflect.

When the surface from which light is reflected is smooth,
the reflection is regular; a concentrated beam of light reflected
from such a surface will remain a concentrated beam. On the
other hand, if the surface is rough, the reflected light will be
scattered. This is diffuse or irregular reflection.

Very smooth surfaces of metal are the best reflectors, and
this property is made use of in ordinary mirrors. The glass in a
mirror is present merely as a support for the silver coat, which
is the real mirror. Such surfaces may reflect as much as 98% of
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perpendicularly incident light. The reflection from such a
surface is, of course, regular.

The surface of a transparent medium will also reflect
light, and the proportion of the incident light which is reflected
will depend upon the angle of incidence. If the light strikes the
surface perpendicularly, there will be little reflection; but if it
strikes nearly at grazing incidence, the amount of light reflected
will be very great.

The law of reflection states that, in any case of reflection,
the reflected ray lies in the plane of incidence, and the angle of
reflection is equal to the angle of incidence. The angles of
incidence and reflection are the angles made by the
corresponding rays with normal.

The phenomenon of refraction was known for centuries
before the law governing it was discovered. Briefly, the law is:
n.sin 1 = ngsin 1’

Where n, and ng are constants of the media containing the
incident and the refracted rays, respectively, and 1 and 1" are the
angles of incidence and refraction, respectively, both measured
from the normal to the ray at the point of incidence.

If we define optical density as a measure of the property
of slowing down light, so that a medium of large optical density
has a small index of refraction, the light travelling more slowly
in the former case than in the latter, we can state the general
rule: In passing obliquely from one optical medium to another,
a ray of light will be deviated toward the normal when passing
into a medium of greater optical density, and away from the
normal when passing into a medium of lesser optical density.
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The index of refraction measures the optical density of a
medium. The optical density has no casual relation with the
physical density (specific gravity) of a substance, although it is
usually true that substances with a high specific gravity have a
high index of refraction. This is especially true with various
types of the same substance, such as glass, which at one time
was catalogued by specific gravity that the index of refraction
would be proportional to it; but there are many cases where a
substance of relatively low specific gravity has a high index of
refraction, as witness the diamond, which has one of the highest
known indices of refraction of any optical medium.

The index of refraction of a vacuum is, of course,
1.00000; that of air at standard pressure and temperature is
1.0003. so nearly "I" that it is usually taken as unity. These are
absolute indices of refraction. However, in the case of
refraction from one medium to another where neither of the
media is a vacuum or air, it is easier to deal with relative indices
of refraction, which are the ratios of the absolute indices of the
media in question. In almost every circumstance, these relative
indices (and the absolute indices as well), are found to be
between the values 'z and 2.

Study the basic vocabulary

Word Pronunciation Translation
Absorb, v MOTJIOIIATh, BCACKI-
’ /ab'zo:b/ Hl
BaTh, lJJulity
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Account, v PR yuuThIBaTh, hwipyh
wnbly
Beam, n ) My4OK CBETa, |njuh
/bi:m/
thnibp
Curve, n u3ruo, Ynn, ptipnt-
/k3:v/
pynLh
Deviate, v /'di:viert/ OTKJIOHSTKCS, Qtinyti
Derive, v , MIPOUCXO/IUT,
/d1'rarv/
wnwewtiuy
Diffuse, adj /dr fju:s/ mud¢y3HbIi, nhdniq
Distorted, adj 1t stoctid/ HCKaKEHHBIMH,
wnuyunyud
Incident ray NaJarouin Iy,
nbiinn Gwnwuquye
Medium, n /'mi:diom/ cpema, thowjwyn
Obliquely, adv /a'bl:k 11/ HaMCKOCOK, KOco, [plip
P dicular, ) 78
erpen icular / p3:pondikjolo(r)/ NePIICHIUKY JISTPHBIH
adj ninnuhuwjug
Plane, n IIOCKOCTb,
/plem/
hwppenipnLh
Ray, n /rer/ ay4, Qunuquyp
Ratio, n , COOTHOIIICHUE,
/'rerfiov/
hwpwptipuygnipiniLi
Rough, adj HEPOBHBIN, IEPOXO-
N, BaTHIN, nuhw, ny
hwpp
Smooth, adj IJIaJIKUH, pOBHBIH,
/smu:d/

huipp
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Strike, v Istratk/ yAapsTh, CTYKHYTb,
hwpjwoty
Surface, n , MOBEPXHOCTb,
/'s3:11s/
dwljtiptiu
Transparent, , MPO3payHbIH,
] /treens paerant/
adj pPuthwighly
Transmit, v , nepeaBaTh, TPAHC-
/trenz mit/
TupoBaTh, thnpuwiigh]

Ex. II. Answer the questions on the text:

1. Do all substances reflect light?

2. In what substances is light absorbed?

3. In what medium is light transmitted?

4. What surfaces are the best reflectors?

5. Does the surface of a transparent medium reflect light?

6. Is the reflection great when the light strikes the surface
perpendicularly?

7. What is called the angle of incidence?

Ex. II1.Give English equivalents for the following words
and expressions:

BemectBo/tynipe, apyrum cmocobom/wy) Ytipw, Omaromapsi/
2tnphhy, Ha ocroBe/hhuiwil Ypw, u tak mamee/lL wyh, Takum
obpazom/uyn Jtipy, B pesynprare/mipnniiipnid, 1o Takoii cte-
nenu/uyn sunhny, magarommii ceet/pntiljiinn nuyu, cpena/ih-
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owjuyp, coracHo ¢/hmiwawyt, maaxuit/hwpp, rpyosit/n-
whw, pasMeITei/wnuyunyud, npospaynslit/puthwighl,
norommars/Yuiitil, BeiBectu/phuti), mydox ceta/|nyjup thniby,
cootHomenue/hwipwptipuljgnipini,  mrockocts/hwippent-
pynLl, mrud/plpnipnil, nosepxuocts/Uwljinlinype, nepe-
naBatb./thnpuwbighy:

Ex. IV. Give Russian/Armenian equivalents for the
following words and expressions:

To emit light, unit area, directly proportional, optical medium,
plane, hue, to reflect light selectively, wavelength, source of
light, luminous intensity, inversely proportional, cases of
luminescence, transparent medium, angle of incidence, to
transmit light, rough surface, indices of refraction, optical
density, incident ray, grazing incidence, high optical density.

Ex. V. Match the words with their definitions:

Density Intersecting a given line or surface at right
angels

To scatter The quantity of mass per unit volume of a
substance

To deviate Deflect or diffuse

To diverge The substance in which an organism lives
or is cultivated

Medium Depart from usual or accepted standards
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Normal Throw in various random directions

To converge Come from different directions and meet

READING 2.

THEORIES OF LIGHT

There are different kinds of light sources, some of them
are caused by high temperatures, others by some other factors.
Every source of light is known to have a luminous intensity,
which is measurable. In general, the higher is the temperature
of the source, the greater the luminous intensity of the light it
emits. Incandescence is the emission of light caused by high
temperatures. To produce light by incandescence, we maintain
the object we are using as a source at a high temperature
relative to, say, room temperature. Under these conditions a
substance becomes white or bright-red hot and emits light.
Certain substances emit light without becoming incandescent;
we consider them to be luminescent. Luminescence is the
emission of light from a body from any cause other than high
temperature. We consider fluorescence and phosphorescence to
be particular cases of luminescence. The illumination of a
surface is called illuminance and it is the amount of light falling
on unit area of the surface per second. The derived unit of
illumination in SI system of units is the lux (lumen per square
meter). [lluminance is directly proportional to the luminous
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intensity of the source. However, it depends not only on the

luminous intensity of the source but also on the distance of the

illuminated area from the source of light. Illuminance is

inversely proportional to the square of the distance from the

source.
Study the basic vocabulary
Word Pronunciation Translation

Bulb, n /balb/ JaMmoyka, iy

Derive, v /d1'rarv/ MIPOUCXO/IUT,
phuti;, mowbighy

Emit, v /1'mit/ W3/1aBaTh, U3BEPrath,
U3JTyYaTh,
wpunwibtinty

Flame, n /fletm/ OTOHb, 1AM, pPng

Fluorescence, n /flo'resns/ bayopecueHIus,
CBEUCHHE,
dnLnptiugtitghw

Illuminate, v /1'lu:mimert/ | ocBemats, InLuwnpti

IIluminance, n /1'lu:mmons/ | OCBEIIEHHOCTb,
InLuwynpnipynih

Intensity, n

/1 "tensati/

HUHTCHCHUBHOCTb, CHUJIA,

httmtiiuhynippnih

Incandescence,

n

/ inkaen'desns/

HaKaJIMBaHHUE, HAKaJI,
2hjugnid
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Inversely, adv /m'vs:sli/ | obpatHO, 0OpaTHO
MPOIMOPILIMOHAIIEHO,
hwjunupa

Luminous, adj /'lu:mmas/ | CBETALIUNCS,
[nLuwynn

Lux, n /1aks/ JIOKC (€TUHUIA U3Me-
PEHMS OCBELIEHHOCTH)
pnipw/[nLuuynpnipyu
0 sunhiwl thudnp
Measurable, adj | /'me3orabl/ | u3mMepumsIii,

ocsi3aeMblid, swthtijh

Phosphorescence,| / fosfo'resns/ | dhocdopecuenims,

dnuPpnptiugbighw
Proportional, /pra’'pofonl/ | mponopLUMOHATBHBIH,
adj hutwdiwubwjut
Translucent, adj | /treenz lu:snt/ | momynpo3pauHsblid,

Yhuwputhwuig

Ex. VI. Read the text and fill in the gaps with the words in
brackets, three words are extra:

(bend, incidence, light, normal, optical effect, refracted,
refraction, transparent)

When a pencil is half submerged in a beaker of water, the pencil
should appear to bend at the point it enters the water. This
L. is due to refraction. When light passes from one
2.0 medium to another, such as from air to water, its speed
changes. This change in speed causes the light to
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towards the normal but when it travels from a denser medium
to a less dense medium it bends away from the 5........

Ex. VII. Read the short passage and interpret it:

Light travels in a straight line, which is why we cannot see
around corners. In diagrams light is generally represented a
straight lines with arrowheads pointing in the direction in
which the light travels. A single ray of light cannot be seen but
when they come together they become visible. These lines are
called rays and a collection of equally spaced rays is called a
beam light. There are different types of beams. Rays which do
not meet are known as a parallel beam light. Those rays which
start from a source and spread out from this point are called a
diverging beam and rays which come together to a point are
known as converging beam.

How Light Travels

7
& & &

Light rays travel in straight lines from the light source.
When it hits an opaque object, some light is absorbed and
the rest reflects off.

If the object is transparent, light rays pass through it
easily.

If the object is translucent, some light can pass through,
but the rest of the light will be reflected.

N
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Ex.VIII. Choose the best option:

I. The lux is a wunit used to measure (luminous
intensity/illuminance) in SI units.

2. We use the standard candle to measure the luminous intensity
of (only some/any) luminous objects.

3. All luminous objects emit (the same amount/ different
amounts) of light.

4. I lluminance of a surface is (directly/inversely) proportional
to the luminous intensity of the source and (directly/inversely)
proportional to the square of the distance from the source.

5. A source of light which is (large/small) compared to the area
it illuminates is called a point source.

Ex. IX. Translate into Russian/Armenian paying attention
to the participles:

1. Moving around the nucleus, and at a considerable distance
from it, are the rest of the electrons required to make the
atom neutral.

2. The results of the above mentioned calculations are reported
in two tables.

3. Closely related to the true catalyzed reactions are ‘induced
reactions’.

4. A conduction current is a current flowing in a conductor.

5. The three levels not included in this calculations are given
in brackets.

6. An inertialess charge placed in an electric field would follow
a path called a line of force.
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7. Fig. 2 shows a positively charged sphere A and a conductor
B placed in the field of a sphere.

8. The above mentioned experimental results are in good
agreement with theoretical data.

Ex. X. Translate into English paying attention to the
participles:

1. ConHile — OCHOBHOW €CTECTBEHHBI HMCTOYHHK CBETa U
TerIa.

Uplp jnyuh b obpUnipjut hwly hhdtwljwb wnpnipt k:
2. CxopocTh cBeTa ObUia BIIEPBBIC M3MEpEHa BO BTOPOM IIO-
nosuHe VII Beka.

Loyuh wpwgnipinii wnwghtt wquid swthyby k VI-pg
nuph kpypnpry hupbe

3. Yron oTpakeHus paBeH yrily MaJeHus.

Uunpunupddwt wbnitp hwjwuwp E wiuljdwb wb-
Yyutip:

4. Tlpu nepexonie U3 OJHON CPebl B IPYTYIO JIyd CBETa U3Me-
HSICT HAMPaBJICHUE HA IPAHMIIC ITUX CpPell. DTO SBICHHE HA3bI-
BAETCs IPEJIOMIICHHEM CBETA.

Uh dhowduyphg Ujniu vhowjuwyp whgubjhu jnyuh dw-
puquypp phnjumd £ hp mpnmpinitp Ephne dhgwjuy-
ptph vwhdwthi: Uy bplnygpn Ynsynud E pllnid:

5. Ilpu mepexone nmydya cBeTa U3 ONTUYECKU Oosiee TUIOTHOM
Cpeabl B CpCAy MCHCC IUNIOTHYHO YIoJl IpCJIOMJICHUSA OoJbliIe
y1jia maJiCHUs.
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Owunhlulut wbih jupwn dhowywyphg wykih unup th-
swjuyp whgubkjhu phjuwb whlniut wykh Jbs E wy-
dwl wlniuhg:

SPEAKING

Read the text and render the main information:

Characteristics of Lenses

A lens is a piece of transparent material, usually circular
in shape, with two polished surfaces, either or both of which is
curved and may be either convex or concave. The curves are
almost always spherical; i.e., the radius of curvature is
constant. A lens has the valuable property of forming images
of objects situated in front of it. Single lenses are used
in eyeglasses, contact lenses, pocket magnifiers, signal lights,
viewfinders, and on simple box cameras. Compound lenses are
used in such instruments as cameras, microscopes, and
telescopes.

Optical principles for lenses

A lens produces its focusing effect because light travels
more slowly in the lens than in the surrounding air, so
that refraction, of a light beam occurs both where the beam
enters the lens and where it emerges from the lens into the air.
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A single lens has two precisely regular opposite surfaces;
either both surfaces are curved or one is curved and one is
plane. Lenses may be classified according to their two surfaces
as biconvex, plano-convex, concavo-convex, biconcave, plano-
concave, and convexo-concave. Because of the curvature of the
lens surfaces, different rays of an incident light beam are
refracted through different angles, so that an entire beam of
parallel rays can be caused to converge on, or to appear
to diverge from, a single point. This point is called the focal
point, or principal focus, of the lens. Refraction of the rays of
light reflected from or emitted by an object causes the rays to
form a visual image of the object. This image may be
either real-photographable or visible on a screen-or virtual-
visible only upon looking into the lens, as in a microscope. The
image may be much larger or smaller than the object,
depending on the focal length of the lens and on the distance
between the lens and the object. The focal length of a lens is
the distance from the centre of the lens to the point at which the
image of a distant object is formed. A long-focus lens forms a
larger image of a distant object, while a short-focus lens forms
a small image.

LISTENING

Scan the QR code, watch the video and answer the
questions on the topic:

1. How did light originate according to Plato and Pythagoras?
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2. How does it get dark sometimes?

3. What did Newton believe in?

4. What properties does light possess?

5. What is the theory of quantum mechanics about?

Enjoy yourself

A disgusted guest at a restaurant: You can’t expect me to eat
this stuff! Call the manager!
Waiter: It’s no use, sir, he won’t eat it either.

106



UNIT VII.

Ex. I. Read the text paying attention to the new
vocabulary:

The splitting of the atom has changed everything
except for how we think
Albert Einstein

ATOMS, ELEMENTS AND
COMPOUNDS

It’s difficult to say definitely who was the first to say the
word “atom”; perhaps, that was the ancient Greek philosopher
Democritus (5—4 B.C.). The word “atom” comes from Greek
and means “that which has no parts”. The atom we know is far
from being solid and indivisible, but we continue to use the
word to designate the smallest particle which takes part in
chemical interactions. The origin of atomic physics as a branch
of science can be attributed to Rontgen’s discovery of X-rays.
It was this discovery that enabled J.J. Thomson to complete his
understanding of the generators of X-rays-the cathode rays or
electrons.

In the early 1900’s, the plum pudding model was the
accepted model of the atom (Fig.1). Proposed in 1904 by J. J.
Thomson, the model suggested that the atom was a spherical
ball of positive charge, with negatively charged electrons
scattered evenly throughout. In that model, the positive charges

107



made up the pudding, while the electrons acted as isolated
plums. During its short life, the model could be used to explain
why most particles were neutral, although with an unbalanced
number of plums, electrically charged atoms could exist.

Fig. 1. JJ. Thomson’s model of an atom

Plum Pudding Plum Pudding Atomic Model

Positive core

B> Raisins Negative

Electrons

When Ernest Rutherford began his gold foil experiment
in 1909, it is unlikely that anyone would have expected that the
plum pudding model would be challenged. However, using a
radioactive source, a thin sheet of gold foil, and a
phosphorescent screen, Rutherford would uncover something
so great that he would later call it “the most incredible event
that has ever happened to me in my life” [James, L.K. (1993).
Nobel Laureates in Chemistry, 1901-1992. Washington, DC:
American Chemical Society.] The experiment that Rutherford
designed is shown in Figure 2. As you can see in, a radioactive
source was placed in a lead container with a hole in one side to
produce a beam of positively charged helium particles, called
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alpha particles. Then, a thin gold foil sheet was placed in the
beam. When the high-energy alpha particles passed through the
gold foil, they were scattered. The scattering was observed
from the bright spots they produced when they struck the
phosphor screen.

Fig.2. Rutherfod’s gold foil experiment.

Phosphorescent Screen

Gold Foil

Alpha Parlicles

The expectation of the plum pudding model was that the
high-energy alpha particles would be scattered only slightly by
the presence of the gold sheet. Because the energy of the alpha
particles was much higher than those typically associated with
atoms, the alpha particles should have passed through the thin
foil much like a supersonic bowling ball would crash through a
few dozen rows of bowling pins.

Any deflection was expected to be minor, and due
primarily to the electrostatic Coulomb force between the alpha
particles and the foil’s interior electric charges.

In 1910 two of Rutherford’s workers, Geiger and
Marsden showed that the alpha particles, instead of
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going straight through thin sheets of matter were
occasionally shot straight back. He drew the

conclusion that the alpha particle must have hit
something very small and very hard. He understood that atoms
had nuclei. Based on the size and mass of the nucleus revealed
by his experiment, as well as the mass of electrons, Rutherford
proposed the planetary model of the atom (Fig.3)

Fig. 3. Rutherford’s Model of Atoms.

Study the basic vocabulary

Word Pronunciation | Translation

Arrangement, n | /o reindzmont/ | 1OrOBOPEHHOCTb,
IIPUTOTOBJICHUS
Juipguiynpnid,
hwupdiwptignid

Attribute, v /9'tribju:t/ MIPUIHCHIBATE,
OTHOCHUTH
Jtpwignty
Cathode, n /"kaeBoud/ Karof, uyenn

110



Decisive, adj

/d1’saisiv/

pearomui, npnhs

Deflection, n

/dr'flek.fan/

oTkJoHeHue, Qtinnid

Designate, v

/'dezignert/

0003HauaTh, onpee-
a7k, Bpwbwlt,
punipwgnbi

Enable, v /T nerbl/ pasperniaTh, BKJIIOYATh
enyuwmpt, Thwgbly

Extract, v /" ekstraekt/ W3BJICKATh, YIAJSTh
htinwgbty, hwtty

Evenly, adv /'1:.von.li/ pPaBHOMEPHO,
hujuwuwipusuth

Generate, v

/"dzenarert/

MIPOU3BOIUTH, OOpa-
30BBIBaTh, Winnnhy

Indivisible, adj / nd1'vizabl/ | HeAETUMBIH,
wibipwdwitih
Nucleus, n /'nju:klias/ sanpo, siueiika, thonil
Radius, n /'rerdios/ paauyc, 2unwyhn
Reject, v /r1’ dzekt/ OTKJIOHATH, Ulindti
Revolve, v /r1' volv/ Bpamarbes, uunnyb)
Scatter, v /' skeaeta(r)/ pas3bpacbiBaTh, gnti|,
mwpuol)
Shoot, v /fuzt/ OTCTPEIINBATD,
B3pBIBaTh, nuiljl
Solid, adj /"solid/ TBEP/IbIii, CILIOIIHOM,

whiin

Substance, n

/'sabstons/

BEILIECTBO, MaTepPHs,
ynip
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Suppose, v /sa'povz/ MpeAnoararh,
nomyckats, hipunnty

Uniformly, adv /'ju:nifo:mli/ | paBHOMEpHO,
dhwwntiuwly

Ex. II. Answer the questions on the text:

1. What is the origin of the word “atom”?

2. When and how did the atomic physics as a branch of science
originate?

3. What model of the atom did Thomson suggest?

4. Why was his hypothesis short-lived?

5. What did Rutherford and his workers observe in their
experiments?

6. What model of atom did Rutherford suggest?

7. What do you know about atom now?

8. What is the structure of the oxygen atom?

Ex. III. Give English equivalents for the following words
and expressions:

Otkionenue/ptinnid, moxxkHo otHectu k/Juptih £ ytpwgnt,
cAenarb MNEpBBIA pemmTenbHbld mar/Juunwpt] wnweht,
npnphy pwy], BHyTpeHHsAs cTpykTypa/ttinphtt junnigywodp,
cxonHoe perrerne/ il npnynid, pacnpenenenst B atome/nbi-
nujuyyuwd wnnih dhe, no npeanonoxernto/ilipunpupun,
paccesiHbl BOKpyT/gnyud 2nipon, HHOTAA OTCKaKMBAIX Ha3an/
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tipptidlt im guunti), yto-to ouens TBepmoe/hly-np whin
dwinuiht, pacnonokenue mianet/Unnpuijiltiph nuuwynpyu-
onipjnLh:

Ex. IV. Give Russian/Armenian equivalents for the
following words and expressions:

High energy electron scattering, alpha-particle scattering,
attribute to, electric charges, beta beam path, field-strength
pattern, ion beam deflection, liquid-hydrogen target, X-ray lead
screen, gold foil, phosphorescent screen, a-particle scattering
experiment, opposite charge, indivisible, like charge, fixed
charge, unit charge, induced charge, radioactive source.

Ex. V. Finish the sentences according to the information
from the text:

As a branch of science atomic physics is concerned with...
According to Thomson’s model the atom...

The word “atom’ comes from...and means...

Eal O e

In their experiments Rutherford and his colleagues
observed...
Rutherford came to the conclusion that atom...

o W

. Rutherford’s model of the atom is called...because... .
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Ex.VI. Read the following text and render it:
The Bohr Atom

Bohr, born in October 1885, was about ten years old
when the electron was discovered, and he began his
professional career in 1911, the year in which Rutherford
discovered the atomic nucleus. Thus, he came onto the scene
at the very beginning of the new era in the physics of atom.
Thereafter, for 50 years he was actively involved into latest
discoveries and ideas and when he died in November 1962, the
word of physics knew that it had lost one of its greatest figures.

Bohr proposed not only a structure for the atom that
satisfactorily explained the Balmar Formular for hydrogen
spectrum lines, but a principle upon which to build the
electron structure of all atoms and molecules. As we have seen,
the hydrogen atom consists of a positively charged nucleus
and a single negatively charged electron. The electron orbits
the nucleus is much the same as a planet like the Earth moves
around the Sun. Because the nucleus has 1840 times the mass
of the electron, it may be thought that it is more or less
stationary. To move on a circular path the electron has to have
a centripetal force — a force pulling it toward the center. This
force 1s expressed by equation:

v2
F=m—
T
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Bohr Model
of the Atom

nucleus

g-b@ e-
-

A photon is emitted
———— with energv E = hf

Planetary Model of the Hydrogen Atom
Notes to the text.

Atomic nucleus — Atomic nuclei consist of electrically
positive protons and electrically neutral neutrons. These are
held together by the strongest known fundamental force, called
the strong force.
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Hydrogen spectrum lines — The emission spectrum of
atomic hydrogen has been divided into a number of spectral
series, with wavelengths given by the Rydberg formula. These
observed spectral lines are due to the electron making
transitions between two energy levels in an atom.

3

1 n l v 0

Positively charged nucleus — An atom consists of a
positively charged nucleus, surrounded by one or more
negatively charged particles called electrons. The positive
charges equal the negative charges, so the atom has no overall
charge; it is electrically neutral.

(&) Eectron
@ Froton
@ rieuren

Electron orbits — Electrical attraction to the nucleus
is what keeps the electron in orbit, and this attraction doesn't

cost energy.
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Centripetal force — a force that makes a body follow a
curved path. Its direction is always orthogonal to the motion of
the body and towards the fixed point of the instantaneous center
of curvature of the path.

Centripetal /
. force,f .7

Ex. VII. Translate the following sentences into English:

1. Monens aroma Pesepdopna HaloMHUHAET COTHEYHYIO CHC-
TEMY.

NEqtpdnpnh winndh dngbjp hhokgunid E wptkquiljuughte
huwdwlwupgp:

2. B neHTpe HaX0AUTCA aTOMHOE SIIPO, @ BOKPYT HETO 110 CBOUM
OpOuUTaM JBHXKYTCS ICKTPOHBL

Ghbwnpnunud qnuynid £ wnndh dvhgnilyp, huly ipw onip-
on wunuynmud kb LEnpnuutpt hpkug ninképbpny:

3. Ilmanerapuast Moznens aroma Pesepdopaa Taxxe umesna cBou
Hepa3pelrMble TPOTHBOPEUHSL.

NEqtpdnpnh wnnuh dnpbp tnybybu nibkp hp hwljw-
unipniuubpp:
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4. DNEeKTPOHBI 00S3aTENbHO JOJKHBI IBUTAThCS BOKPYT sIpa,
B pOBHOM ciy4ae (otherwise) oHU MOTepsuIH OBl YCTOMYHUBOCTb.

ElEjunpnuubtpt wionom whwp E yuwndtu dhoniljh

oning, hwjunwly nhuypnid bpwup Yynpguku hpkug Jw-
niunipjnibp:

5. IInanerapuas mozens Pesepdopaa okazanach HECOBMECTH-
Moii (incompatible with) ¢ anexTpoarHamukoit Makcpesia.

DEqpdnpnh wnndh Uninpuljughtt dnpbjt wuhwdw-

wntnkh tp Uwpuyth GEjupnphuuwdhljugh mbuntpejuh
htw:

Read the text “Nuclear Physics and make a presentation
on the historical development of atoms, electrons and
compounds”:

Nuclear Physics

In the 1930s radioactivity and the study of the atomic
nucleus, which had shown little advance in the previous ten
years, again became the center of interest, and gave rise to an
unbroken series of experimental discoveries that were to
culminate in the control of nuclear processes.

Once recognized and established by Chadwick’s
experiments of 1932, as the proton without its positive charge,
the neutron was seen to be the central feature of nuclear
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structure. Very soon afterwards Anderson discovered another
fundamental particle, the positive electron or positron. The
nucleus which had previously been thought to consist of
protons and electrons was now seen to be better expressed in
terms of protons and neutrons held together by strong forces
which Yukawa in 1935 attributed to a hypothetical particle, the
meson. This is an example of a fundamental particle first
predicted by theory and then observed by Anderson and
Neddermeyer in 1936.

Of these particles, the neutron proved to be the most
effective in producing nuclear transformations. Because it
lacked charge, it was able to penetrate very much farther into
the matter and to approach and enter the positively charged
nuclei of atoms that repelled positively charged alpha-particles
and protons. In six brief years, from 1932 to 1938, the effects
of neutrons on different nuclei were studied.

James Chadwick 1932

* Chadwick discovered a third type of subatomic
particle, which he named the neutron.

» Neutrons help to reduce the repulsion between
protons and stabilize the atom's nucleus.

6 protons
+6 neutrons

@ electron

T @ proton
\G/ O neutron
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Grammar exercises

1. Complete the sentences and text using Future tenses
(Future Simple, to be going to, Future Perfect, and Future
Continuous)

We ...... the room by the time you get back. (finish)
The phone is ringing. — I ...... and answer it. (go)

...... tomorrow so we can go to the beach. (not work)
If you touch the stove, you ...... yourself. (burn)

AP
p—

She ...... for the job that was advertised in the newspaper.
(apply)

Next week at this time we ...... in the sun in Spain. (lie)
My sister ...... in the UK next year. (study)

The President ...... Armenia in November. (Vvisit)

I...... lunch with Mary at 12. (have)

10. I don't think the exam ...... very difficult. (be)

A

2. At the end of this month, I .......... (work) on my physics
project for about six weeks, but I’ve still got a lot to do before
Thanditin. T ............ (spend) the whole day in the physics
lab next Saturday doing experiments, and in fact, I ...........
(play) football the weekend after it. I guess I'll ........... (do)
lots of similar projects when I’m at university, so it’s good
practice. Thinking about it, when I leave university in about
four years, [ will ........ (study) physics for over thirteen years,
so I should be quite good at it by then!
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LISTENING

Scan the QR code, watch the video and answer the
questions on the topic:

1. What theory did Democritus first proposed in 440BC?
2. What does atomos mean in Greek?

3. Aritotel’s theory proposed that...

4. What great discovery occurred in 18977

5. Who was the father of nuclear age?

Enjoy yourself

Visitor: Do you think the horse shoe hanging in your office
bring you good luck?

Niels Bohr: Of course, not.

Visitor: Then why do you have it there?

Niels Bohr: Because it works whether you believe in it or not.
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UNIT VIII.

Ex. 1. Read the text paying attention to the new
vocabulary:

If quantum mechanics hasn’t profoundly shocked you,
you haven’t understood it yet
Neils Bohr

QUANTUM NATURE OF LIGHT

Atoms, molecules, and fundamental electron and proton
charges are all examples of physical entities that are quantized
— that 1s, they appear only in certain discrete values and do not
have every conceivable value. On the macroscopic scale, this
is not a revolutionary concept. When Max Planck was able to
use quantization to correctly describe the experimentally
known shape of the blackbody spectrum, it was the first
indication that energy was quantized on a small scale as well.
This discovery earned Planck the Nobel Prize in Physics in
1918 and was such a revolutionary departure from classical
physics that Planck himself was reluctant to accept his own
idea. The general acceptance of Planck’s energy quantization
was greatly enhanced by Einstein’s explanation of the
photoelectric effect, which took energy quantization a step
further. When light strikes certain materials, it can eject
electrons from them. This is called the photoelectric effect,
meaning that light (photo) produces electricity. One common
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use of the photoelectric effect is in light meters, such as those
that adjust the automatic iris in various types of cameras.
Another use is in solar cells, as you probably have in your
calculator or have seen on a rooftop or a roadside sign. These
make use of the photoelectric effect to convert light into
electricity for running different devices.

Through careful observations of the photoelectric effect,
Albert Einstein realized that there were several characteristics
that could be explained only if EM radiation is itself quantized.
It means that the apparently continuous stream of energy in an
EM wave is actually not a continuous stream at all. In fact, the
EM wave itself is actually composed of tiny quantum packets
of energy called photons. In equation form, Einstein found the
energy of a photon or photoelectron to be E=hf where E is the
energy of a photon of frequency f'and A is Planck’s constant. A
beam from a flashlight, which to this point had been considered
a wave, instead could now be viewed as a series of photons,
each providing a specific amount of energy.

While Einstein’s understanding of the photoelectric
effect was a transformative discovery in the early 1900s, its
presence is ubiquitous today. If you have watched streetlights
turn on automatically in response to the setting sun, stopped
elevator doors from closing simply by putting your hands
between them, or turned on a water faucet by sliding your hands
near it, you are familiar with the electric eye, a name given to
a group of devices that use the photoelectric effect for
detection. All these devices rely on photoconductive cells.
These cells are activated when light is absorbed by a semi-
conductive material, knocking off a free electron. When this
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happens, an electron void is left behind, which attracts a nearby
electron. The movement of this electron, and the resultant chain
of electron movements, produces a current. If electron ejection
continues, further holes are created, thereby increasing the
electrical conductivity of the cell. This current can turn
switches on and off and activate various familiar mechanisms.

Study the basic vocabulary

Word

Transcription

Translation

Acceptance, n

/ok'sep.tons/

npu3HaHue, 0100-
penue, hmiwadwy-
tnipynLl, hujw-
tnipyniLh

Adjust, v

/o' dzast/

peryImpoBarh, ycTa-
HaBIMBaTh, hwplw-

ntightiy, upgh plinty

Apparently, adv

/o' peerantli/

OYEBHIHO, SIBHO,

wijthwynnntit

Conceivable, adj

/kon'si:.va.bl/

BO3MOKHBIH,
MBICTIMBINA, NUpnitih

Discrete, adj /d1"skri:t/ OTJICTIBHBIN, TUCKPET-
HbIH, Ytipugwljui,
wilipun

Eject, v /1" dzekt/ BBIOPACHIBATH,

u3Beprath, Utipndhy,
nnipu hwblyg
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Equation, n

/' kwer.3on/

ypaBHEHHE,
hwjwuwpnid

Faucet, n

/' fo:sit/

BEHTWJIb, KpaH, dnpul

Indication, n

/ mdr kerfn/

yKazaHHe, IOKa3aHue,
gnigniy, tpnid

Iris, n /"ar.r1s/ pamyxHasi 000I09Ka
m1aza, Shwdwbhw-
punubp

Quantization, n /kwontr'zeifn/ | KBaHTOBaHHE,
pyutinuyiiagnid

Reluctant, adj /r1'1ak tont/ BBIHY’KJICHHBIH,
ndjudnipyudp

Run, v /rAn/ paborarb, BECTH, IBU-
rarbes, whuwwntigity,
2wndyby

Stream, n /stri:m/ MOTOK, HaIllpaBJICHUE,
hnup

Strike, v /straik/ yaapsTh, hupjuol

Thereby, adv / dea'bar/ TakuM o0pazom,
wjuu huny

Ubiquitous, adj /ju:'bik.wi.tas/ | Be3gecymid,
huiwmnmwpuo,
witiinip

Value, n /'velju:/ BEJIMYMHA, 3HAYECHUE,
windtip

Void, n /vord/ IIyCTOTa, BaKyyM,

nunwpy, winjun]tip
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Ex. II. Answer the questions on the text:

Why did Planck receive the Nobel Prize?

What happens to light when it strikes certain materials?
Name the uses of photoelectric effect?

What is an electric eye?

hAE I

How does current turn switches on and off?

Ex. III. Give Russian/Armenian equivalents for the
following words and expressions:

Discrete value, stream, tiny particles, ubiquitous, elevator,
macroscopic scale, revolutionary departure, to be reluctant, to
take a step further, common use, solar cells, roadside sign,
careful observations, in response to, series of photons, semi
conductive, chain, current, electron ejection, familiar, turn
on/off, thereby, various, to absorb, to slide.

Ex. IV. Give English equivalents for the following words
and expressions:

JBmwxenue snextpoHos/LiEjwnpnuubkph owpd, Bennunna/
windtip, pepomonronHoe aBnerne/ hknuthnpuwljwu kplinype,
ykaszaHue/gnigniy, knaccudeckas ¢usuka/nuuuljut $hqh-
lw, Ha mar nepen/utl] puy] wnwy, ycunusats/nidtnuguky,
BbIOpackBaTh AeKTpoHb/wligwink) Liklwnpnuukp, obmee
npumuHenue/punhwunip Yhpwnnd, conneunsie Garapen/

wnlwjht Ywpwunlyng, npeobpazossiBats cBeT/thnjuwljkpuyty
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|nyup, TImaTeabHO HabmoaaTe/nipwnhp quunid, Henpepsis-
Hbli motok sHeprun/Eutipghwjh sowpnibtwjuljut hnup, B
Bujge ypaBHeHMs/hwjwuwpdwt wbupny, 3akar/wuiplw-
Uniwn, nornomars ceer/|jjuil] (nyu, axTUBHPOBATH pa3HbIC
mexanusMbpl/wljnhyugut] quiuquit Ubjuwtthquubp:

Ex. V. Match each verb with the phrase closest in

meaning:

1. to eject a) to bring to a more corresponding state
2. torun b) to attack with a sharp blow

3. to adjust ¢) to push or force smth. out of a place
4. to strike d) to change from one form to another
5. to activate e) to operate, manage

6. to provide f) to answer to something

7. to convert g) to put in motion

8. to response h) to supply smth. to someone

9. to absorb 1) to form an idea, a plan in your mind

10. to conceive j) to take in

Ex. VI. Find 5 pairs of antonyms in the following set of
words:

To eject, response, filled, conversion, to keep, to defend,

ubiquitous, to disable, reluctant, to activate, to absorb, to
release, void, to attack, to provide, to reject, to adjust, stream.
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Ex. VII. Match the sentence halves:

1. The quantum nature of
light reveals itself

A. played a significant role
in the development of
mechanics.

2. Photons, the fundamental
particles of light

B. through phenomena like
wave-particle duality.

3. Quantum theory shows
how light interacts with
matter

C. can exist in superposition
states.

4. Quantum optics
experiments

D. illustrate how single
photons can split into pairs
of entangled photons.

5. Einstein’s explanation of
the photoelectric effect

E. leading to photon
absorption, emission, and
entanglement.

Ex. VII. Translate the following sentences into English:

1. KiteTkn akTHBHpYIOTCS, KOTJa CBET MOTJIOMIAETCS MOIYIIPO-

BOJHUKOBBIM MaTepHajoM, BbIOKBas CBOOOHBIN AJIEKTPOH.

Pohoutintt wljnhdwunid &, kpp jnyup ubpdsdynid k h-
uwhwnnpnsughtt iymph Ynnuhg gmpu dnkm] wquin

K Ejunpnup:

2. D10 Ha3bIBaeTcs (POTOIIEKTPUUECKUM IPHEKTOM, O3HAUALO-

UM, YTO CBCT IMMPOU3BOJUT SJICKTPHUICCTBO.
Uw Yngymd £ $nuinnlbljinpuljmi Epbln, wyuhlph' ny-
up wpununpnud E Ejunpukukpghu:
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3. JIBUKEHHE 3TOro AJIEKTPOHA U BO3HUKAIOILAS B PE3yJIbTaTe
LIETI0YKa JIBU)KEHHUH 3JIEKTPOHOB CO3JAt0T TOK.

Uju LEjwpnuh b gpu wpyniipnid wmnwewugws bkY-
wnpniuubph swpdnudubph onpwi untnénid E hnuwip:

4. Bce aTH ycTpoiicTBa OCHOBaHbI Ha (JOTOINPOBOASAILIMUX 3JIE-
MEHTaXx.

Uju poinp uwpplpp hhdtidws tu dninnhwinnpnhy dwu-
tuhlubkph Jpu:

5. [lonnmanue DiHIITEHHOM (hoTOAIEKTpUYecKOoro 3 dexra
CTaJIO PEBOJIFOLIMOHHBIM OTKpbITHEM B Haudase 1900-x ronos.
dnunnkdbljnh dwuhtt Bjuowmbjuh pljuinidp hinquithn-
hwlwt  hwjntwgnpénipnit kp 1900-wljwmutknph
uljqphtc:

Grammar exercises

Use present perfect or past simple.

1. I (buy) a new car two years ago, but I (not sell) my old car
yet.

2. When I (be) on my way to the office it (begin) to snow. I
(run) back home for a warmer coat, but that (make) me late for
my bus.

3. John (be) in Tokyo for three months. He is studying there
and likes it very much.
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4. T (not see) Bill for some time. He (be) ill, he (collapse) at
work a week ago but he (not come) back to work yet.

5. How long you (work) for that company? — I (be) there for a
year already.

Fill in the text with the correct tenses (mixed tenses).

Dear sister

I (be) very sorry to hear about your father’s illness, and
(be) glad that you (go) to Armenia to see how he is. It (be) nice
for him to see you. Of course I (look) after Archie. We (enjoy)
having him last year and my son (miss) him when he (leave).
I’'m sure he (be) delighted to see him again. You (bring) him on
Wednesday? Or, if that (not suit), any time on Thursday. (not
bother) to bring any food; I (have) everything Archie (love). |
hope you (have) time to have coffee with us when you (bring)
Archi, and that by then you (have) better news of your father.

Read the text and render the main information:

Solar Energy Physics

According to the U.S. Department of Energy, Earth
receives enough sunlight each hour to power the entire globe
for a year. While converting all of this energy is impossible, the
job of the solar energy physicist is to explore and improve upon
solar energy conversion technologies so that we may harness
more of this abundant resource. The field of solar energy is not
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a new one. For over half a century, satellites and spacecraft
have utilized photovoltaic cells to create current and power
their operations. As time has gone on, scientists have worked
to adapt this process so that it may be used in homes,
businesses, and full-scale power stations using solar cells.
Traversing the Solar System using nothing but the Sun’s
power has long been a fantasy of scientists and science fiction
writers alike. Though physicists like Compton, Einstein, and
Planck all provided evidence of light’s propulsive capacity, it
is only recently that the technology has become available to
truly put these visions into motion. In 2016, by sending a
lightweight satellite into space, the LightSail-1 project is
designed to do just that. A citizen-funded project headed by the
Planetary Society, the 5.45-million-dollar LightSail-1 project is
set to launch two crafts into orbit around the Earth. Each craft
is equipped with a 32-square-meter solar sail prepared to unfurl
once a rocket has launched it to an appropriate altitude. The
sails are made of large mirrors, each a quarter of the thickness
of a trash bag, which will receive an impulse from the Sun’s
reflecting photons. Each time the Sun’s photon strikes the
craft’s reflective surface and bounces off, it will provide a
momentum to the sail much greater than if the photon were
simply absorbed. Attached to three tiny satellites called
CubeSats, whose combined volume is no larger than a loaf of
bread, the received momentum from the Sun’s photons should
be enough to record a substantial increase in orbital speed. The
intent of the LightSail-1 mission is to prove that the technology
behind photon momentum travel is sound and can be done
cheaply. A test flight in May 2015 showed that the craft’s
Mylar sails could unfurl on command. With another successful
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result in 2016, the Planetary Society will be planning future
versions of the craft with the hopes of eventually achieving
interplanetary satellite travel. Though a few centuries
premature, Kepler’s fantastic vision may not be that far away.

SPEAKING

1. Prepare a speech on the following topic:
Is installing solar panels or wind turbines still in future or is it
already a fact?

2. How will we be living in 30 years’ time?

The environment: Fresh water will be running out in many
parts of the world and we will be getting much of our water
from sea.

At home: People will be recycling 100% of their waste.

The weather: We will be having more extreme weather,
heatwaves and floods, etc.

LISTENING

Scan the QR code, watch the video and answer the
questions on the topic:

1. Is light a particle or a wave?

2. Who was the first person to suggest the dual nature of light?
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3. Where is the mass of the atom concentrated?
4. What did Bohr propose?
5. How can quantum mechanics be explained?

Enjoy yourself

The well-known English atomic scientist Rutherford, the
discoverer of the atomic nucleus, came to his laboratory late in
the evening. One of the pupils was still busy with the
instruments.

“What are you doing here so late?”” Rutherford asked the young
scientist.

“I am working,” came the proud answer.

“And what do you do by day?”

“Work, of course.”

“And do you work early in the morning?”’

“Yes, professor, I work early in the morning as well,” the pupil
answered proudly.

Rutherford looked at him with some pity and asked: “And
when do you think?”
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UNIT IX.

Ex. 1. Read the text paying attention to the new
vocabulary:
In thinking about nanotechnology today,
what's most important is understanding where it leads,
what nanotechnology will look like
after we reach the assembler breakthrough.
K. Eric Drexler

WHAT QUALIFIES AS SMALL?

Nanotechnology involves the scientific and engineering
study of matter at the atomic and molecular level. It is the
manipulation and use of materials and devices so tiny that
nothing can be built any smaller. Nanomaterials are typically
between 0.1 and 100 nanometers (nm) in size - with 1nm being
equivalent to one billionth of a meter. If one nanometer was
roughly the width of a pinhead, then one meter on this scale
would stretch the entire distance from Washington, DC to
Atlanta —around 1000 kilometers. But a pinhead is actually one
million nanometers wide. Most atoms are 0.1 to 0.2 nm wide,
strands of DNA around 2nm wide, red blood cells are around
7000 nm in diameter, while human hairs are typically 80,000
nm across. Throughout history, people have harnessed the
unique characteristics of materials on a nanoscale for various
purposes. Tiny particles of gold for example, can appear red or
green, a property that has been used to colour stained glass
windows for over 1000 years. However, the idea of
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nanotechnology was born only in 1959 when Nobel Prize
winning physicist Richard Feynman gave a lecture exploring
the idea of building things at the atomic and molecular scale.
He imagined the entire Encyclopedia Britannica written on the
head of a pin. When K. Eric Drexler popularized the word
‘nanotechnology’ in the 1980’s, he was talking about building
machines on the scale of molecules, a few nanometers wide;
motors, robot arms, and even whole computers, far smaller than
a cell. Drexler spent many years describing and analyzing these
incredible devices, and responding to accusations of science
fiction. In fact, experimental nanotechnology appeared in 1981,
when IBM scientists in Zurich, Switzerland, built the first
scanning tunneling microscope (STM). It made it possible to
see single atoms by scanning a tiny probe over the surface of a
silicon crystal. The nanometer length scale is unique because it
makes it possible to change the fundamental properties of
materials without altering their chemical composition.
Nanoparticles have very high surface areas and their behaviour
and mobility can be changed. Nanotechnology allows scientists
to specifically analyze, organize and control matter on many
length scales simultaneously. This creates unlimited
possibilities for products and applications. Advanced
nanotechnology, or that which works with artificial
intelligence, nanorobots and self - assembly is expected to
increase significantly. Nanoparticles are currently used in the
electronic, magnetic, optoelectronic, biomedical,
pharmaceutical, cosmetic, energy, catalytic and materials
industries. In the medical field they are used to aid in drug
delivery and medical imaging, and in future nanotechnology is
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predicted to contribute to new cancer therapies, new treatments
for infections and brain diseases and new drugs with fewer side
effects. Nanoparticles may be wused in contaminant
neutralization, magnetic techniques, special filtering methods,
environmental decontamination and energy conservation and
in the production of energy efficient devices. Nanotechnology
involves manipulations of matter at incredibly small levels and
its applications appear to be nearly limitless. Cancer cures,
shirts that change colour, self-heating/cooling clothes, super
processors, the size of sugar cubes, alloys both lighter and
stronger than steel are just a handful of the potential
applications of this technology that may bring about more
change in 25 years than the entire 20th century.

Study the basic vocabulary

Word Transcription Translation
Accusation,n | / &k jo'zerfon/ | oOBuHEHHE,
dtinunpubp
Aid, n /exd/ IIOMOIIb, IIOMOTaTh,

oqliti], oglinigynih

Alter, v / ol.ta'rer.fon/ | U3MEHATH, IEPEALIIbI-
BaTh, thnthnfuti
Alloy, n /"&l.or/ crutaB, hmiwdny)-
Jwodp, hiwuntnipn
Allow, v /a'lav/ MO3BOJIATH, [9N1)] W]
Assembler, n /a"semblor/ TpaHCIATOp, cOOpKa,

wutiipitip, hwupnn
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Behaviour, n

/b1 hervja(r)/

noBeaenue, yuwhywop

Cancer cure

JIEKapCTBO OT paka,

puingytinh pnidnid
Cell, n /sel/ KJIeTKa, pohy
Contaminant, | /kon'tem.r.nont/ | 3arpsi3HUTEIb,
n wnunnunhy
Contribute, v /kon tribju:t/ CII0COOCTBOBATH,

tyuunt, wewlgly

Decontami- / di:.kon'tem.r.n | obe33apakuBaHue,
nation, n et/ JIe3aKTHBALIMS,
whunwhwiiinid,
Jupwljugtipdnid
Drug, n /drag/ aekapcTBo, ntinuihyng
Efficient, adj /1 fifnt/ MIPOYKTUBHBIMN,
3¢ (HeKTUBHBIH,
wnyniiwytinn

Entire, adv

/mn "taro(r)/

BECh, IEJIBIH, wipnn-
owjull, jhwjumnwp

Environmenta | /in vairon ' mentl/ | oTHOCSIIHIACS K

1, adj OKpYy>Kalolleu cpene
phuyyuhyuwiwub

Incredible, /m’kred.1.bl/ | HEBEpOSATHBIN,
wihwjuiui

Mobility, n /mau 'bil.1.ti/ MOIBMKHOCTD,
>wipdniLbwynipmih

Optoelectronic, OIITORJIEKTPOHHBIH,

adj owunktijumpntuwyht
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Pinhead, n /"pinhed/ OyaBo4Hasi TOJIOBKA,
pnpng
Pharmaceutic |/ fa:.mo’'su:.tr.kol/| hapmaneBTHueckui,
al, adj ntinugnpowjub
Predict, v /pr1 dikt/ MpeICKa3bIBaTh,
Jubihiuwntiuly
Property, n /"propati/ CBOICTBO,
hwwnlnip)nLi
Protection, n /pra‘tek[n/ 3aIuTa,
yuyunwwbnipmih
Respond, v /r1'spond/ OTBEYAaTh,
wumnwupuw bty
Scale, n /sketl/ mkasa, uwblimnul,
dwupwnup
Side effects no0ouHbIe 3D PEKTHL,
Ynnitulh
wqntignipejnLh
Significantly, /s1g nifikontli/ | cymecTBeHHO,
adv qquihnptit
Simultaneousl | / siml temiosli/ | omHOBpeMeHHO,
y, adv dhwdwiwbuwly
Strand, n /straend/ npsiab, HUTKA, [ohi]
stained glass BUTPAXKHOE OKHO,
window Jyhupwduwyht
wuwunnithwb
Steel, n /sti:l/ CTajb, Wnnujun
Tiny, adj /"tami/ KpouieuHsli, thnpphly
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Unique, adj /ju'ni:k/ YHUKaIbHBIH, iquiljh,
nLihluy

Width, n /wido/ mmpuHa, (wyinipynih

Ex. II. Answer the questions on the text:

What is nanotechnology?
What is the size of nanomaterials?
When did the idea of nanotechnology first appear?

Eal ol

How are the names of Richard Feynman and Eric Drexler
connected with the development of nanotechnology?
What possibilities does the nanoscale provide?

o W

. What are the application areas for nanotechnology.

Ex. III. Give Russian/Armenian equivalents for the
following words and expressions:

Stained glass window, molecular scale, to contribute to, a
handful of, tiny probe, explore the idea, to alter the
composition, respond to accusations, fundamental properties of
materials, unlimited possibilities, advanced nanotechnology,
environmental  protection, contaminant neutralization,
environmental decontamination, self-heating/cooling clothes,

to increase significantly.
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Ex. IV. Give English equivalents for the following words

and expressions:

Lens JHK/}MU(d pnpw, kporieynsie yacTuiby/thnppugnyji

dwubihyitin, uwurate aexmuio/upnu) nuuwhinunipinii,

HeBeposTHhIe ycTpoiicTBa/wlhwujubwlud uwppwynpnid-

Giip, orBewatp Ha oOBuHEeHMs/Wwmwuhuwbdt] Whnunpubp-

utipht,

Hay4YHas

danTactuka/qghnudwimuumhlu,

Mmacitade/dwunwpny], HEOrpaHUYEHHBIE BO3MOXHOCTH/wll-

uwhdwbuwthwl hbwpunpnigynibiip, aezakruBanus okpy-

xkaromieit cpeapl/nouljun thowjuynph whumwhwiinid:

Ex. V. Match the verbs from A with the most suitable
word(s) from B.

W XN kWD =

—_ —
I

_—
W N
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A
to manipulate
to make use of
to give
to explore
to popularize
to build
to describe
to respond to
to alter

. to control

. to create

. toaid in

. to contribute to

B
a) medical imaging
b) cancer therapies
¢) matter
d) chemical composition
€) accusations
f) unlimited possibilities
g) the word ‘nanotechnology’
h) machines
1) a lecture
h) a scanning tunneling microscope
k) the idea
1) unusual properties
m) materials



Grammar exercises

Rewrite the sentences (a-g) following the Complex Subject
model in the example. Make use of the verbs in brackets.

Example: Nanotechnology will impact a broad range of fields,

from basic science to consumer goods. (assume).

Nanotechnology is assumed to impact a broad range of fields,

from basic science to consumer goods.

1) Nanoscale science will be as important as steam engine, the
transistor and the Internet. (believe)

2) Nanotechnology will revolutionize essentially all
manufactured products, from computers to medical
instruments to solar cells to planes and rockets. (expect)

3) A technology that lets each individual design and build
whatever they want will not be compatible with centralized
control. (appear)

4) Many areas of biomedicine will benefit from
nanotechnology. (consider)

5) Molecular scale positional devices will resemble very small
versions of their everyday macroscopic counterparts. (be
likely)

6) Self-cleaning or ‘easy-to-clean’ surfaces on ceramics and
glasses will be the most prominent application of
nanotechnology in the household appliances. (prove)

7) Nanotechnology will make medical services much more
inexpensive as well as much more effective. (think).
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Ex. VI. Translate the following sentences from English
into Russian/Armenian:

1. In future nanotechnology is claimed to be able to manipulate
molecules and create tiny computers or nanobots that will
fuse with our bodies.

2. Potential applications of nanotechnology are likely to bring
about more change in 25 years than the entire 20th century.

3. Advanced nanotechnology, or that which works with
artificial intelligence, nanorobots and selfassembly, is
supposed to increase significantly.

4. Self-replicating machines are certain to run out of control
and consume everything available.

5. Bio-compatible, high-performance materials are promised
to be created for use in artificial implants.

6. Water-and-stain repellent and wrinkle-free clothes are
reported to be produced with the use of nanofiber.

READING 2.

THE RISE OF NANOTECHNOLOGY

Will nanotechnology change human life in ways never
thought possible? Is nanotechnology the key that will unlock
the door to the next Industrial Revolution? The current debate
around this field of science is frequently polarized into two
opposing camps. On the one hand there are scientists, engineers
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and investors who are keen to promote the field as a source of
new products and processes. They promise that these will lead
to changes as revolutionary as those caused by the explosion of
information and communications technologies in recent
decades. On the other hand there are environmentalist critics
and others who warn that the potential hazards of
nanotechnology remain unknown, some even demanding a
moratorium on new developments in the area. So, what are
some of the bright-side manifestations of nanotechnology?

» Cancer cells could be destroyed by silicon combs;
“nanobots” could clear blocked blood vessels; bio-compatible,
high-performance materials could be created for use in
artificial implants.

» The use of nanofibers would make clothes water and
stain repellent or wrinkle- free and would guarantee full-
surface protection from electrostatic charges for the wearer;
military application could be in camouflage where
nanocameras mixed with nanodisplays could create an
“invisibility coat”, acting like the skin of a chameleon.

» Mass storage devices would be built that can store more
than a hundred billion billion bytes in a volume the size of a
sugar cube; and parallel computers of the same size that can
deliver a billion billion instructions per second.

» Microscopic solar cells in building facades and on road
surfaces would produce cheap energy; nanotechnology would
cut costs both of the solar cells and the equipment needed to
deploy them, making solar power economical and moving it
into the mainstream.
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» Nanotechnology would dramatically reduce the costs
and increase the capabilities of space ships and space flight;
travel in space would no longer be reserved for an elite few.
And many more... But at scales of a millionth of a millimeter,
materials can develop unusual and unpredictable properties,
leading to concerns about risks to health and the environment.
So, what are the possible downsides of this new technology?

» Rapid and inexpensive manufacture of advanced
weapons could also be developed quickly; an arms race based
on this technology could destabilize existing power structures
in unpredictable ways.

» Criminal technologies, from weapons to spy systems to
communication to smuggling, would get a boost from the
ability to fabricate advanced products as needed; criminals and
terrorists with stronger, more powerful, and much more
compact devices could do serious damage to society.

» Molecular manufacturing would allow the creation of
very small, inexpensive supercomputers that could run a
programme of constant surveillance on everyone. There might
be attempts of introducing round-the-clock surveillance of
every citizen.

»  Self-replicating nanomachines could run out of control
and reproduce so exponentially that they could consume
everything available and turn terrestrial life into mush or “grey
g00”. These ideas barely scratch the surface of what is possible.
In any case, there is no sense in elaborating on frightening
scenarios that are as misleading as naive promises that ‘the
whole thing is harmless’. It would be more effective for the
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development of this new technology to be accompanied by
education and critical examination.

Answer the questions:

a) Is the advent of nanotechnology welcome by everyone?
Why? Why not?

b) What spheres of our life could benefit from nanotechnology
applications?

¢) What are the main concerns about the future widespread use
of nanotechnology?

SPEAKING

1. Work in teams. Discuss your arguments “for” and
“against” nanotechnology.

Team A
You support the idea that nanotechnology will only change our life for better. You think that people,
who speak about risks and dangers connected with nanotechnology, exaggerate the problem.

Team B
You admit that nanotechnology might bring lots of benefits. Still you are afraid that such benefits

would be outweighed by different hazards brought about by nanotechnology
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Functional language
Agreeing and disagreeing

Opinions — I think (that).../In my opinion.../As for me...
Agreeing — Absolutely/Right/That’s right. I agree/You’re right.
Disagreeing — I know, but... /I see your point, but.../I’'m not
sure.../That’s not true...

LISTENING

Scan the QR code, watch the video and answer the
questions on the topic:

1. What will happen if you drop a pen?
2. How big is nanometer?

3. What is called quantum effect?

4. Does gravity work at nanoscale?

5. What is nanoscience about?
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Enjoy yourself

A neutron walks into a bar; he asks the bartender, “How much
for a beer?”.
The bartender looks at him, and says “For you, no charge”.
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UNIT X.

Ex. 1. Read the text paying attention to the new
vocabulary:

There was a young lady named Bright,
Whose speed was far faster than light.
She went out one day,

In a relative way,

And returned the previous night!
Reginald Buller

PARTICLES THAT GO FASTER THAN
LIGHT

Since the formulation of the special theory of relativity
by Einstein in 1905, physicists have believed that the speed of
light in a vacuum is the maximum speed at which energy or
information can travel through space.

With the development of subatomic physics, however,
the context has changed considerably. We now know that the
subatomic particles can easily be created or destroyed and that
in their mutual interactions their energies and other properties
change discontinuously, rather than in the smooth way
envisioned in classical physics. Therefore, one can imagine the
creation of particles already traveling faster than light, and so
avoid the need for accelerating them through the “light barrier”
with the attendant expenditure of infinite energy.
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It should be mentioned that there is a third class of
particles, including photons (light quanta) and neutrinos, for
which the rest mass is zero and which always travel at c.

The possibility therefore seems to exist that there is a new
kind of natural object: one that always travels faster than light.
In anticipation of the possible discovery of faster-than-light
particles, Gerald Feinberg named these particles tachyons,
from Greek word tachyons, meaning swift. In order to show
how physicists have gone about searching for tachyons, the
authors describe some of the properties that would distinguish
them from ordinary particles.

There are several properties that would distinguish
tachyons from ordinary particles.

1. We have seen that for ordinary particles, as their speed
increases, their energy also increases. For tachyons, in contrast,
an increase in speed results in a decrease in energy. Hence a
tachyon that was losing energy by interacting with matter or by
radiating light would speed up, whereas a tachyon that was
gaining energy from some outside source would slow down,
and its speed would approach ¢ from above rather than below.

2. For ordinary particles the energy is a number whose
values will change from observer to observer but that will
always be positive. A tachyon whose energy is positive for one
observer, however, might appear to be negative to other
observers in motion with respect to the first.

3. The number of tachyons in some region of space must
vary from observer to observer. Suppose one observer views
the process of emission of a tachyon by an atom, with the
subsequent escape of the tachyon to infinity. A second observer
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may view the same process as the tachyon’s coming in from
outer space and being absorbed by the atom. Hence the two
observers will disagree on the number of tachyons present in
the past and in the future. Again this situation differs from that
for ordinary particles, where the number of particles present at
any time is independent of the observer. A detailed theory of
the interaction of tachyons with matter, which has not yet been
worked out, would have to take these features into account.

Study the basic vocabulary

Word

Transcription

Translation

Absorb, v

/ab'zo:b/

MOTJIOIIATH,
BCachIBaTh, ljjuulity]

Accelerate, v /ak'selarert/ YCKOPATb,
wpwqugbty

Anticipation, n /e&n tist'perfn/ | oxuIaHHUE, Ipea-
BKYIIICHHE,
uyuubithp

Attendant, adj /3 'tendont/ COITYTCTBYIOILUH,
COITPOBOKIAFOLIU I,
ninkljgnn

Avoid, v /' vord/ n30erarh,
huntuwthty

Contradiction, / kontra'dik/n/ | mpoTuBOpeume,

n hwjuuniynia
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Consistent, adj /kon'sistont/ MOCJIEI0BATEIbHBIMH,
COTJIaCOBAHHBIM,
hwenpnuijub

Considerably, /kon'sidorabli/ | 3HAYMTENBHBINH,

adv qquhnptit

Detect, v /d1'tekt/ 3aMmeuaTh, 00Hapy-
XKUBaTh, Uljuuwnty

Destroy, v /d1’stror/ paspyluaTh, yHU4-
TOXaTh, nshswghby

Discontinuously, | /diskon tinjussli/ | mpepsiBHUCTO,

adv nnhwwnynn

Distinguish, v /di'stmgwif/ | pa3nuuarts,
wnwpptipulty

Effort, n /" efot/ MOTBITKA, pulip,
wfuwnubip

Envision, v /in'vizn/ IIPEICTABUTD,
wuwnltipugity

Escape, v /1" sketp/ BBITEKATh, YICTY4YH-
BaThbcs, thwjushi,
wquny ki

Expenditure, n | /1k’'spendit/o(r)/ | pacxon, Tpara,
owhuu

Furthermore, / £3:00'mo:(r)/ | xpome TOTO, OOJNIEE

adv toro, wykiht

Imply, v /1im "plar/ Mo/Ipa3yMeBaTh,
HaMeKarth,
Llpwnnty,

wijbupyty
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Infinite, adj

/" mfmot/

OCCKOHECUHBIH,
0e3rpaHuYHbIH,
wbuwhdwb

Interaction, n

/ mtor &k [n/

o0I1eHne,
B3aNMMOJICHCTBHE,

thnpuwqntignipynii

Mutual, adj

/'mju:tfusl/

B3aHMHEBIHN,

thnfuwnuna

Occur, v

/a'k3:(r)/

CJIy4arbcs,
MPOUCXO/IUT,

wuwnwhby

Ordinary, adj

/"o:dnri/

OOBIUHBIH,
unynpujub

Property, n

/" propati/

CBOMWCTBO,

hwnuwiih

Require, v

/r1 kwara(r)/

TpeboBaTh,
wwhwbioly

Satisfy, v

/' seetisfar/

YAOBJIETBOPSTH,
YTOX/1aTh,

pujupuipty

Substantial, adj

/sob sten(1/

CYIIECTBEHHBIMH,
3HAYUTEILHBIN,

Ewjui

Swift, adj

/swift/

OBICTPBIH,
wpwgplpug

Therefore, adv

/' 0eafo:(r)/

MOATOMY,
CJIEZIOBATEIILHO,
niunh
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Yield, v /ji:1d/ IIPOU3BOJUTH, IIPH-
HOCUTB, Wipunuinti,
wtinh muy

Ex. II. Answer the questions on the text:

. What have physicists thought about the speed of light in a
vacuum?

. What kind of statement does Einstein’s first article on
relativity contain?

. What is the rest mass?

4. What are imaginary numbers?

. What properties would distinguish tachyons from ordinary
particles?

. What is the energy for ordinary particles?

. Does the mass of a body measure its resistance to a change
of speed?

. Can objects with imaginary energy exchange energy with
objects having real energy?

Ex. III. Give Russian/Armenian equivalents for the
following words and expressions:

It must be stressed, in anticipation of something, to come to the
conclusion, a distinguished physicist, to distinguish tachyons
from ordinary particles, to have no possibility of existence,
with respect to, to satisfy the requirement, expenditure of
infinite energy, an imaginary number, to envision, to speed up,
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to gain energy, to take into account, expenditure of infinite
energy.

Ex. IV. Give English equivalents for the following words
and expressions:

Hasnenue/Glpnid, npeasuaers/jubijumwntiuty, nymats/Jup-
oti, nenatp BeIBoA/Lilipwnnt, paznuuares/mwpptipuyti, Ha-
omogare/nhnwplti, mpoucxoauTh/wnw9wliw, yAOBIETBO-
psats/pujupuipti, ObIcTpbIi/WNWq, NpUAaBaTh OOJIBLIOE 3HA-
yerue/ukd pwbwlnignid wwy, B oxupanuu vero-nu6o/
wlbyuyti), uyuuly, Bergaromuiics ¢puznk/wljubwynp $hah-
nu, yZOBIETBOPUTEIbHBIC pE3ybTaThl/pujupupnng wp-
yniipbtip:

Ex. V. Correct the false statements:

1. Efforts to detect particles that go faster than light, named
tachyons, have already yielded positive results.

2. The basis of Einstein’s conclusion was his discovery that
the equations of relativity implied that the mass of an
object doesn’t depend on its speed.

3. Since the mass of a body measures its resistance to a
change of speed, when the mass becomes infinite the body
can be made to go much faster.

4. Objects with imaginary energy can exchange energy with
objects having real energy and hence can affect them.

5. For ordinary objects the rest mass squared is found to be
an imaginary number.
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6. The rest mass of the faster-than-light particles can be
measured directly.

7. Contrary to common belief, the existence of faster-than-
light particles would be inconsistent with the theory of
relativity.

8. Tachyons, as their speed increases, their energy also
increases.

9. The two observers will always agree on the number of
tachyons present in the past and in the future.

10. The existence of tachyons does contradict the theory of
relativity.

Grammar exercises

1. Change the sentences into Passive Voice.

. Many people begin new projects in September.
. You must wash that dress for tomorrow’s party.
. Mum is going to prepare the food.

. They made shoes in that factory.

. We will have to examine you again.

AN DN AW N

. They had finished preparations by the time the guests
arrived.
. The delegation will meet the visitors at the airport.

[ <IN |

. The boy is eating the cake.
9. They also speak German at EU meetings.

155



2. Fill in the blanks with the correct passive form of the
verb in brackets:

A new sports and athletic centre ...... (open) in our town last
week. The facility ...... (believe) to be one of the largest in the
country and experts hope that it ...... (visit) by thousands of
amateur and professional athletes over the course of the next
few years. The centre ...... (construct) for over 6 years before
it ...... (open) by local authorities last Monday. However, it
...... (not completely finish) yet. Workers are making the final
adjustments this week and say that it ...... (complete) by the
end of the month. The centre offers various sports facilities
including two indoor swimming pools, three large gyms and a
ball court. They ...... (can book) online or directly at the
administration desk. The equipment ..... (buy) from local
companies, which also provided the training programs. The
new centre ...... (finance) by government funds as well as
grants that ...... (give) to the region by the European Union.
Politicians and famous athletes from all over the country ......
(invite) to the official opening ceremony, scheduled for next
Tuesday.

READING 2.

Read the text and render the main information.

Traveling faster than light and time-travel could be real
for tachyons. If one thing science fiction excels at, it's allowing
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us to marvel at the breaking of the physical laws of the
universe. Tachyons are one of the most interesting elements
arising from Einstein’s theory of special relativity. The 1905
theory is based on two postulates, nothing with mass moves
faster than the speed of light (c), and physical laws remain the
same in all non-inertial reference frames. A significant
consequence of special relativity is the fact that space and time
are united into a single entity - spacetime. That means a
particle’s journey through speed is linked to its journey through
time. Aside from the fact that like other particles, they are
likely incomprehensibly tiny, because tachyons always travel
faster than light it isn’t possible to detect one on its approach.
That’s because it’s moving faster than any associated photons.

After it passes, an observer would see the image of the
tachyon split into two distinct images. These would show it
simultaneously arriving in one direction and disappearing in
the opposite direction. If detecting tachyons, at least of their
approach, with light is out of the picture, is there another way
we could detect these faster than light particles? Possibly.
Tachyons are proposed to have an “anti-mass” but this still
constitutes mass energy. That means these particles should still
have some gravitational effect. It’s possible highly sensitive
detectors could spot this effect.

An alternative detection method could arise from their
faster-than-light nature. While the speed of light in a
vacuum c is a universal speed limit, particles have been made
to travel faster than light in other mediums. When electrically
charged particles are accelerated up to and beyond the speed of
light in certain mediums like water, they release a form of
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radiation called Cherenkov radiation, according to
the International Atomic Energy Agency. That means that if
tachyons are electrically charged, one way of detecting them
would be measuring Cherenkov radiation in the near-vacuum
of space. What tachyons really demonstrate is the importance
of imagination in our ongoing quest to understand the universe.
They may not exist, and if they do we may have no hope of
ever measuring one. But what our technology can’t capture, our
minds can. We can consider the possibility of a particle that
journeys back through time and what that says about the nature
of time, and the Universe, and the events that fill them.

In an interview with George Sylvester Viereck published
in “The Saturday Evening Post” in 1929, Albert Einstein is
believed to have said: “Imagination is more important than
knowledge. Knowledge is limited. Imagination encircles the
world.”

Ex.VI. Translate the following sentences from
Russian/Armenian into English:

1. Ham HeoOxoqumo cienaTh NepBble Mark K IOHUMaHUIO 3TO-
IO SIBJICHUS.

Uy Gpunypp hwuljwbugnt hwdwp dkq wmthpudton k
Juwnwupk] wpweht puyEpp:

2. Bam crienoBaino OblI ONIpeenuTh YCKOPEHHE.

Qtq muhpwdtown tp vwhdwul) wpuqugnudp:

3. Jlns Toro 4ToOBI OOBSICHUTH ATO SBJICHHE, Mbl BOBJICKacM

MOHATHUEC MHCPLHH.

158



Uttp ukpwenud kup htipghwyh qunuithwpp, npuykugh
pugwwnpblip wyn kplnypn:

4. 13BecTHO, YTO 3TH BEIIeCTBa MMEIOT OJIHHU M T€ K€ CBOICTBA.
Zujnth Lk, np wyn yymphph nukt Jhitingh wpwbidbu-
huwwnlnipniutibpp:

5. Oxa3asioch, YTO NOBEACHUE YACTHUI] B 3TUX YCJIOBHUSIX PE3KO

MCHACTCA.
NMupqytg, np dwmuthlubkph Juppughép tdwt yuydw-
ukpnud Yupndly thopuynud E:

LISTENING

Scan the QR code, watch the video and answer the
questions on the topic:

1. Which particles travel faster than speed of light according to
Einstein’s theory?

2. What particles are tachyons?

. What is a tachyon condensation?

Dow

. What are the properties of a tachyon?
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Enjoy yourself

The police officer asks “Sir, do you have any idea how fast
you were going?”’

The quantum physicist responds “No, but 1 know exactly
where [ am”
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PART II

Supplementary Reading

GREAT MINDS IN THE HISTORY
OF PHYSICS

1. Remember how to pronounce the names of some well-known scientists.

Archimedes [ aki'mi:di:z] Isaac Newton [farzok 'mju:t(a)n]
Socrates ['spkrati:z] James Maxwell [dseimz 'maekswel]
Plato ['plertau] Michael Faraday ['maik(2)] 'farade]
Aristotle ["arstot(a)l] Wilhelm Roentgen ['vilhelm 'rontgon]
Ptolemy ['tolimi] Ernest Rutherford ["3:mist 'radofod]
Nicolaus Copernicus  ['nik(a)las ka'p3:nikas] Albert Einstein [ 'zlbat 'Amstan]
Johannes Kepler [dzau'hanizs 'kepla] Max Plank [maks pla:gk]
Galileo Galilei [.geh 'letows "gacliler] Stephen Hawking [ stizvon 'hokin]

ARISTOTEL

Aristotelian physics is the

form of natural science described in
the works of the Greek philosopher Aristotle (3 84-322 BC)
In his work Physics, Aristotle intended to establish general
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principles of change that govern all natural bodies, both
living and inanimate, celestial and terrestrial — including all
motion, quantitative change, qualitative change, and
substantial change or “passing away”. To Aristotle,
“physics” was a broad field that included subjects that would
now be called the philosophy of mind, sensory
experience, memory, anatomy and biology.

Key concepts of Aristotelian physics include the
structuring of the cosmos into concentric spheres, with
the Earth at the centre and celestial spheres around it.
The terrestrial sphere was made of four elements, namely
earth, air, fire, and water, subject to change and decay. The
celestial spheres were made of a fifth element, an
unchangeable aether. Objects made of these elements have
natural motions: those of earth and water tend to fall; those
of air and fire, to rise. The speed of such motion depends on
their weights and the density of the medium. Aristotle argued
that a vacuum could not exist as speeds would become
infinite.

Aristotle described four causes or explanations of
change as seen on earth: the material, formal, efficient, and
final causes of things. As regards living things, Aristotle's
biology relied on observation of natural kinds, both the basic
kinds and the groups to which these belonged. He did not
conduct experiments in the modern sense, but relied on
amassing data, observational procedures such as dissection,
and making hypotheses about relationships between
measurable quantities such as body size and lifespan.
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GALILEO
GALILEI

Galileo was born in
Pisa, Italy on 15 February 1564, the first of six children.

Galileo, though not the first inventor of the refracting
telescope, significantly enhanced its power. In 1609, he
learned of the spyglass and began to experiment with
telescope-making, grinding and polishing his own lenses.
His telescope allowed him to see with a magnification of
eight or nine times, making it possible to see that the Moon
had mountains and that Jupiter had satellites.

He discovered...

1. Craters and mountains on the Moon

The Moon’s surface was not smooth and perfect as
received wisdom had claimed but rough, with mountains and
craters whose shadows changed with the position of the Sun.
Galileo was able to use the length of the shadows to estimate
the height of the lunar mountains, showing that they were

similar to mountains on Earth.
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2.The phases of Venus

The planet Venus showed changing crescent phases
like those of the Moon, but their geometry could only be
explained if Venus was moving around the Sun rather than
the Earth. This undermined the idea that everything in the
heavens revolved around the Earth (although it was
consistent with the Tychonic system as well as the
Copernican one).

3. Jupiter's moons

The planet Jupiter was accompanied by four tiny
satellites which moved around it. These are now known as
the Galilean moons: Io, Ganymede, Europa and Callisto.
Again, this showed that not everything in the heavens
revolved around the Earth.

4. The stars of the Milky Way

Galileo saw that the Milky Way was not just a band of
misty light, it was made up of thousands of individual stars.

If that wasn’t enough, as well as Galileo’s
contributions to astronomy, he also designed a major
component for the first pendulum clock, Galileo’s
escapement. This design, however, went unbuilt until after
the construction of the first working pendulum clock by
Christiaan Huygens.
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BLAISE
PASCAL

Blaise Pascal was born

in Clermont, France on June
19, 1623. His mother died when he was only th
and he was raised and cared for by his father and two sisters.

yeaold

Pascal's father, Etienne, was an accomplished mathematician
and tax collector who took it on himself to educate his son
entirely on his own. Etienne decided that Blaise would not
be allowed to learn geometry until after he was 15 believing
that math, being such a fulfilling subject, would deter his son
from his other studies. Blaise took an interest in math on his
own, and independently discovered that the sum of the
interior angles of all triangles was 180 degrees. When his
father saw Pascal's ability and interest in geometry, he gave
his son a copy of Euclid's Elements and allowed him to study
math. Young Pascal joined his father to attend meetings of
leading French mathematicians headed by Marin Mersenne,
known for his work with prime numbers. At 16, Pascal wrote
and presented a paper on conic sections stating that if a
hexagon is inscribed in a circle, then the three intersection
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points of opposite sides lie on a single line. This is known
as Pascal's Theorem. Pascal is credited with several
important inventions and discoveries in math and physics
Pascal suffered from poor health for most of his life and died
at the early age of 39 on August 19, 1662.

Pascal created one of the first digital calculators in
1645 to help his father with collecting taxes.
The Pascaline used dials, gears and pins to perform multi-
digit addition, subtraction, multiplication, and division
operations. Pascal earned a patent from King Louis XIV to
produce and sell his calculator, but less than 50 prototypes
were ever produced.

Pascal conducted groundbreaking experiments
with atmospheric pressure and fluid dynamics. Using
several mercury barometers, Pascal showed that atmospheric
pressure decreased at higher altitudes and deduced that
above the atmosphere a vacuum existed. Rene Descartes met
with Pascal in 1647 to discuss Pascal's experiments with
atmospheric pressure. Descartes, along with many other
scientists of the period, did not believe in the presence of a
vacuum and dismissed much of Pascal's work. Pascal went
on to use his experiments to prove the existence of a vacuum
and his name is used as a unit of pressure. A Pascal (Pa) is
equal to one Newton (N) of pressure per meter squared (1 Pa
= 1 N/m?). In 1650, Pascal's work in fluid dynamics led to
his creation of an early syringe and the hydraulic
press. Pascal's Law states that pressure exerted anywhere in
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a confined fluid is transmitted equally in all directions
regardless of the shape of the container. This principle
explains the liquid mechanical advantage behind the
hydraulic press, hydraulic lifts, and hydraulic brakes.

Pascal is also credited with the invention of
the roulette wheel, used for gambling around the world
today. Pascal's wheel was the result of his failed efforts in

1655 to create a perpetual motion machine.
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ISAAC
NEWTON

Isaac Newton, the man of

powerful mathematical ability,
was born into a family of a farmer in 1642, the year Galileo
died. The early days of Isaac’s life were rather unhappy. The
child was so weak and slow-witted that his grandmother had
pity on him and didn’t send him to school till the boy was
twelve. While at school and later at Cambridge Newton
studied with no particular distinction, though he was
extremely skillful in making models, intricate mechanical
toys, sunclocks and so on.

His first “tutor” in science and the man who impressed
Isaac most by his great charm and popularity was Descartes,
who died when Newton was eight years old. Descartes’
powerful imagination had enabled him to write not only
serious scientific papers but a great number of popular
scientific books and even science-fiction novels. In his
serious scientific papers Descartes was able to concentrate
the most advanced scientific papers but a great number of
popular scientific ideas of his time widely ranging from
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philosophy to many fields of exact sciences including
physics. In his fancy-novels the features of real and
imaginable worlds were so fantastically interconnected that
Isaac Newton was completely carried away by this brilliant,
charming, powerfully clever and so popular Frenchman in
those years. Descartes’ influence on Newton can be felt in all
the latter’s works and through all his life. As to scientific
ideas it was much later, that Newton understood the
weakness of Descartes’ approach to solution of specific
problems.

Newton was personally an extremely odd character,
very reserved and even secretive. He never married. He
knew enough to make him very self-critical, but this made
him even more resentful of the criticism of other people. In
1684, Halley, Newton’s friend, offered a prize for the
solution of the celestial body motion problem. Many men led
up to it, but only one had the genius to find the answer to it.
That genius was Isaac Newton who had attracted little notice
of before that.
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CHARLES
COULOMB

Coulomb is most famous for his

work  with electricity and
magnetism. His studies and papers were the first thorough
accounts of how electricity worked and its relationship to
magnetism.

In 1777, Coulomb understood that a needle on a pin
creates friction and reduces accuracy. Coulomb replaced the
fulcrum with a fine silk thread, and rather than the up-and-
down motion of the pan balance, he used a twist or torsion
around this thread. He was able to show that the amount of
torsion is proportional to the amount of force.

Between 1785 and 1789, Coulomb studied the force of
charges through precise experiments at the Royal Academy
and published numerous papers on his findings. In 1785,
Coulomb presented three papers on electricity and
magnetism. These papers led Coulomb to the law that would
eventually bear his name, Coulomb's law. Coulomb's law
was the first dealing with a quantitative analysis of
electricity.
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In his first paper, Coulomb describes the technique to
construct his torsion balance, and the properties of the metal
wires of having a reaction torsion force proportional to the
torsion angle.' In this paper, Coulomb derived the law two
bodies electrified of the same kind of electricity exert a
repulsive force on each other.

In this publication, Coulomb describes the attractive
force between two oppositely-charged objects. The force is
proportional to the product of the quantities of charge on the
objects and inversely proportional to the square of the
distance between the objects.

In his second paper, Coulomb describes the loss of
electricity that an isolated body loses over time.

Coulomb's law states that in a vacuum, the force
between two stationary point charges is inversely
proportional to the square of the distance. The power is
proportional to the product of the force in the direction in
which connected. Charges of the same sign repel, while
opposite charge attract.
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GEORG OHM

Georg Simon Ohm was a
German physicist, best known
for his “Ohm’s Law”, which
states that the current flow through a conductor is directly

proportional to the potential difference (voltage) and
inversely proportional to the resistance. The physical unit of
electrical resistance, the Ohm (symbol: QQ), was named after
him. Born on March 16 in 1789 in the university town of
Erlangen, Bavaria, his younger brother Martin Ohm also
became a famous mathematician. His father, Johann
Wolfgang Ohm, was a locksmith and his mother Maria
Elizabeth Beck, who died when Georg was ten years old, was
the daughter of a tailor. Johann Ohm taught his children
science and mathematics at home and Georg also attended
Erlangen Gymnasium for four years. In 1805, at the age of
fifteen Georg Ohm began studying at Erlangen University
but he left after three semesters having spent much of his
time enjoying himself dancing, ice skating and playing
billiards and too little time on his studies. Ohm was then sent
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to Switzerland in 1806, accepting a position as a
mathematics teacher in a school in Gottstadt. While teaching
in Cologne, Ohm started passionately working on the
conductivity of metals and the behavior of electrical circuits.

After extensive research, he wrote “Die Galvanische
Kette, Mathematisch Bearbeitet” (The Galvanic Circuit
Investigated Mathematically) in 1827, which formulated the
relationship between voltage (potential difference), current
and resistance in an electrical circuit: =V /R

Ohms Law states that the current flow through a
conductor is directly proportional to the potential difference
(voltage) and inversely proportional to the resistance.

After initial criticism, most particularly by Georg
Hegel, the noted creator of German Idealism, who rejected
the authenticity of the experimental approach of Ohm, the
“glory” finally came in 1841 when the Royal Society of
London honored him with the Copley Medal for his
extraordinary efforts. Several German scholars, including an
adviser to the State on the development of telegraph, also
recognized Ohm’s work a few months later.

The pertinence of Ohm’s Law was eventually
recognized. The law still remains the most widely used and
appreciated of all the rules relating to the behavior of
electrical circuits. He received the Royal Society Copley
medal in 1841.
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Georg Ohm was made a foreign member of the Royal
Society in 1842, and became a full member of the Bavarian
Academy of Sciences and Humanities in 1845.

Ohm died on July 6, 1854. He was 65 years old. The
physical unit of electrical resistance, the Ohm (symbol: Q),

was named in his honor.
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MICHAEL
FARADAY

A self-educated man

with a brilliant mind, Michael _
Faraday was born in a hardscrabble neighborhood in
London.

Faraday was one of four children, all of whom barely
had enough to eat. His formal education was curtailed by a
dramatic incident in the classroom. The prevailing
educational philosophy of the day was, “spare the whip, spoil
the child”, and that attitude, combined with a speech
impediment, led to the school master one day beating young
Michael so severely that he could not move off the classroom
floor. The brutal event turned out to be his final day in
school, as his mother decided he would leave public
education forever.

At age 13, he got a job in a bookbinding shop, reading
every book on which he worked. He developed special
interest in science, particularly in electricity and magnetism.

Faraday soon turned his home into a lab, teaching himself
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the fundamentals of chemistry and physics. In one of his first
experiments, he fashioned a crude electrostatic generator
using old bottles and pieces of wood.

The visionary scientist received his first big break
when fellow countryman Sir Humphry Davy, one of the
greatest scientific minds of the time, invited him to lectures
on chemicals. Faraday was so moved by the experience that
he made a bound copy of his notes and had them delivered
to Davy in the hope of securing employment. Eventually,
Faraday was hired as a laboratory assistant and learned
chemistry at the side of one of the greatest scientists of the
era. Taking full advantage of the break he had been given, he
impressed Davy and his staff with his eager, yet humble,
manner, and Farady’s career began to flourish.

He helped advance development of the battery by
showing that layers of sheets of zinc amidst other chemicals
could produce an electric charge. Other breakthroughs
occurred when Faraday found the motion of a magnet inside
a wire coil could produce electricity. All of this was a
precursor to his discovery of electromagnetic induction: the
use of an electromagnetic effect on a charged wire to
generate power in an alternate wire. His findings in this area
would later be the basis for the electric transformer, a device
that produces a consistent electric current, also known as
magneto-electric induction. To achieve that steady stream of
electricity, Faraday created the first generator by spinning a
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copper disc between the opposite poles of a horseshoe
magnet.

These developments evolved into the electric motors,
generators and transformers in use today. Some of his later
work involved the relationship between magnetism and
light.

Faraday is considered one of the most influential
scientists, and perhaps the finest experimentalist, in history.
As a measure of his influence, consider that many analytical
terms bear his name. In addition to the aforementioned
“Faraday effect”, they include the unit of capacitance,
known as the farad, as well as the Faraday constant, the
charge on a group of electrons.
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JAMES
MAXWELL

James Clerk Maxwell, (born
June 13, 1831, Edinburgh,
Scotland. Died November 5,
1879, Cambridge, Cambridgeshire, England), Scottish

physicist ~ best  known for  his formulation

of electromagnetic theory. He is regarded by most modern
physicists as the scientist of the 19th century who had the
greatest influence on 20th-century physics, and he is ranked
with Sir  Isaac  Newton and Albert  Einstein for  the
fundamental nature of his contributions. In 1931, on the
100th anniversary of Maxwell’s birth, Einstein described the
change in the conception of reality in physics that resulted
from Maxwell’s work as “the most profound and the most
fruitful that physics has experienced since the time of
Newton.”

The concept of electromagnetic radiation originated
with Maxwell, and his field equations, based on Michael
Faraday’s observations of the electric and magnetic lines of

force, paved the way for Einstein’s special theory
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of relativity, which established the equivalence of mass and
energy. Maxwell’s ideas also ushered in the other major
innovation of 20th-century physics, the quantum theory. His
description of electromagnetic radiation led to the
development (according to classical theory) of the ultimately
unsatisfactory law of heat radiation, which prompted Max
Planck’s formulation of the quantum hypothesis, i.e., the
theory that radiant-heat energy is emitted only in finite
amounts, or quanta. The interaction between
electromagnetic radiation and matter, integral to Planck’s
hypothesis, in turn has played a central role in the
development of the theory of the structure

of atoms and molecules.

179



J.J. THOMSON

Joseph John Thomson was
born in Cheetham Hill, a
suburb of Manchester on December 18, 1856. He enrolled at
Owens College, Manchester, in 1870, and in 1876 entered

Trinity College, Cambridge as a minor scholar. He became
a Fellow of Trinity College in 1880, when he was Second
Wrangler and Second Smith’s Prizeman, and he remained a
member of the College for the rest of his life, becoming
Lecturer in 1883 and Master in 1918. He was Cavendish
Professor of Experimental Physics at Cambridge, where he
succeeded Lord Rayleigh, from 1884 to 1918 and Honorary
Professor of Physics, Cambridge and Royal Institution,
London.

Thomson’s early interest in atomic structure was
reflected in his Treatise on the Motion of Vortex Rings which
won him the Adams Prize in 1884. In 1896, Thomson visited
America to give a course of four lectures, which summarised
his current researches, at Princeton.

Thomson returned to America in 1904 to deliver six
lectures on electricity and matter at Yale University. They
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contained some important suggestions as to the structure of
the atom (plum pudding method). He discovered a method
for separating different kinds of atoms and molecules by the
use of positive rays, an idea developed by Aston, Dempster
and others towards the discovery of many isotopes.

Thomson, a recipient of the Order of Merit, was
knighted in 1908. He was elected Fellow of the Royal
Society in 1884 and was President during 1916-1920; he
received the Royal and Hughes Medals in 1894 and 1902,
and the Copley Medal in 1914.

In 1890, he married Rose Elisabeth, daughter of Sir
George E. Paget, K.C.B. They had one son, now Sir George
Paget Thomson, Emeritus Professor of Physics at London
University, who was awarded the Nobel Prize for Physics in
1937, and one daughter.
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MAX
PLANCK

Z Max Karl Ernst Ludwig Planck
was born in Kiel, Germany, on April 23, 1858, the son of
Julius Wilhelm and Emma Planck.

Planck studied at the Universities of Munich and
Berlin, where his teachers included Kirchhoff and
Helmholtz, and received his doctorate of philosophy at
Munich in 1879. Planck’s earliest work was on the subject
of thermodynamics, an interest he acquired from his studies
under Kirchhoff, whom he greatly admired, and very
considerably from reading R. Clausius’ publications. He
published papers on entropy, on thermoelectric ity and on the
theory of dilute solutions.

At the same time also the problems of radiation
processes engaged his attention and he showed that these
were to be considered as electromagnetic in nature. From
these studies he was led to the problem of the distribution of
energy in the spectrum of full radiation. Experimental
observations on the wavelength distribution of the energy
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emitted by a black body as a function of temperature were at
variance with the predictions of classical physics. Planck
was able to deduce the relationship between the energy and
the frequency of radiation. In a paper published in 1900, he
announced his derivation of the relationship: this was based
on the revolutionary idea that the energy emitted by a
resonator could only take on discrete values or quanta. The
energy for a resonator of frequency v is Av where his a
universal constant, now called Planck’s constant.

This was not only Planck’s most important work but
also marked a turning point in the history of physics. The
importance of the discovery, with its far-reaching effect on
classical physics, was not appreciated at first. However, the
evidence for its validity gradually became overwhelming as
its application accounted for many discrepancies between
observed phenomena and classical theory. Among these
applications and developments may be mentioned Einstein’s
explanation of the photoelectric effect.

Planck faced a troubled and tragic period in his life
during the period of the Nazi government in Germany, when
he felt it his duty to remain in his country but was openly
opposed to some of the Government’s policies, particularly
as regards the persecution of the Jews. In the last weeks of
the war he suffered great hardship after his home was
destroyed by bombing.

He was revered by his colleagues not only for the
importance of his discoveries but for his great personal
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qualities. He was also a gifted pianist and is said to have at
one time considered music as a career.

Planck was twice married. Upon his appointment, in
1885, to Associate Professor in his native town Kiel he
married a friend of his childhood, Marie Merck, who died in
1909. He remarried her cousin Marga von Hosslin. Three of
his children died young, leaving him with two sons. He
suffered a personal tragedy when one of them was executed
for his part in an unsuccessful attempt to assassinate Hitler
in 1944. He died at Gottingen on October 4, 1947.
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ALBERT
EINSTEIN

Considered by many to

be the greatest scientist of the
twentieth century, Albert Einstein revolutionized scientific
thought with new theories of space, time, mass, motion, and
gravitation. Born in Ulm, Germany in 1879, Einstein grew
up in Munich. Unable to find a teaching job after graduating
from a technical institute in Zurich, Switzerland, he accepted
a post as an examiner in the Swiss patent office. He worked
there from 1902 to 1909, devoting his spare time to his own
scientific interests. In 1905 Einstein received his doctorate in
physics from the University of Zurich, and published three
scientific papers, each of which had a profound effect on the
field of physics. The first paper explained the already-
observed photoelectric effect - by which beams of light cause
metals to release electrons which can be converted into
electric current — by suggesting that light be thought of as
discrete packets, or quanta, of energy particles. For this
work, Einstein in 1921 received the Nobel Prize in Physics.
The second paper, on the electrodynamics of moving bodies,
put forward Einstein's special theory of relativity and
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contained the famous equation £ = mc’. This equation,
which showed that energy and matter are interchangeable,
provided the key to the development of atomic energy. The
third paper virtually demonstrated the reality of atoms by
showing that Brownian motion — the irregular movement of
particles suspended in a liquid or a gas - is a consequence of
molecular motion.

These papers earned Einstein professorships in Bern,
Zurich, and Prague. In 1914 he was appointed director of the
Kaiser Wilhelm Institute for Physics in Berlin and offered a
professorship at the University of Berlin; two years later, in
1916, he published his epochal paper on gravitational fields,
“The Foundation of the General Theory of Relativity.” When
Hitler and the Nazis came to power in Germany in 1933,
Einstein emigrated to the United States, where he joined the
newly formed Institute for Advanced Study at Princeton. He
became a U.S. citizen in 1940 and died here in 1955.1In 1942,
after having been naturalized, he was elected to full
Academy membership and affiliated with the Academy's
Physics Section.
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ERNEST
RUTHERFORD

Ernest Rutherford
(1871-1937) was a New
Zealand-born British physicist and recipient of the 1908
Nobel Prize in Chemistry. He is often called the “father of
nuclear physics”.

After studying with J. J. Thomson at the Cavendish
Laboratory at Cambridge University, Rutherford became a

professor and chair of the Physics Department at McGill
University in Montreal, Canada. In Montreal, he conducted
the research that led to his Nobel Prize, including
discovering the principle of radioactive half-lives and
separating and naming alpha, beta, and gamma radiation.

In 1907, Rutherford returned to Great Britain to teach
at the University of Manchester. Two years later, he, Hans
Geiger, and Ernest Marsden conducted the Geiger-Marsden
experiment, where they observed alpha particles scattering
backwards when fired at a gold foil. The surprising results of
this experiment (Rutherford said, “It was as if you fired a 15-
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inch shell at a piece of tissue paper and it came back and hit
you”) led Rutherford to formulate his model of the atomic
nucleus, a revolutionary development in nuclear physics.

In 1919, he became Cavendish Professor of Physics at
Cambridge. Rutherford also coined the term “proton” and
theorized about the existence of neutrons, which were
discovered by his colleague and former student James
Chadwick in 1932.

Rutherford had an enormous influence on the field of
nuclear physics and mentored many future Nobel Prize
winners and prominent scientists, including Chadwick, Niels
Bohr and Otto Hahn. He died on October 19, 1937.
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ERWIN
SCHRODINGER

Erwin  Schrodinger,
(born August 12, 1887, Vienna,
Austria —died January 4, 1961,
Vienna), Austrian theoretical physicist who contributed to

the wave theory of matter and to other fundamentals
of quantum mechanics. He shared the 1933 Nobel Prize for
Physics with British physicist P.A.M. Dirac. Schrodinger
entered the University of Vienna in 1906 and obtained his
doctorate in 1910, upon which he accepted a research post at
the university’s Second Physics Institute.

In 1926, at the age of 39, he produced the papers that
gave the foundations of quantum wave mechanics. In those
papers he described his partial differential equation that is
the basic equation of quantum mechanics and bears the same
relation to the mechanics of the atom as Newton’s equations
of motion bear to planetary astronomy. Adopting a proposal
made by Louis de Broglie in 1924 that particles of matter
have a dual nature and in some situations act like waves,
Schrodinger introduced a theory describing the behaviour of
such a system by a wave equation that is now known as
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the Schrodinger equation. The solutions to Schrédinger’s
equation, unlike the solutions to Newton’s equations, are
wave functions that can only be related to the probable
occurrence of physical events. The definite and readily
visualized sequence of events of the planetary orbits of
Newton is, in quantum mechanics, replaced by the more
abstract notion of probability.

This aspect of the quantum theory made Schrodinger
and several other physicists profoundly unhappy, and he
devoted much of his later life to formulating philosophical
objections to the generally accepted interpretation of the
theory that he had done so much to create. His most famous
objection was the 1935 thought experiment that later became
known as Schrodinger’s cat. A cat is locked in a steel box
with a small amount of a radioactive substance such that after
one hour there is an equal probability of one atom either
decaying or not decaying. If the atom decays, a device
smashes a vial of poisonous gas, killing the cat. However,
until the box is opened and the atom’s wave
function collapses, the atom’s wave function is in a
superposition of two states: decay and non-decay. Thus, the
cat is in a superposition of two states: alive and dead.
Schrodinger thought this outcome “quite ridiculous,” and
when and how the fate of the cat is determined has been a
subject of much debate among physicists.

In 1927 Schrodinger accepted an invitation to
succeed Max Planck, the inventor of the quantum
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hypothesis, at the University of Berlin, and he joined an
extremely distinguished faculty that included Albert
Einstein. He remained at the university until 1933, at which
time he reached the decision that he could no longer live in
a country in which the persecution of Jews had become a
national policy. He then began a seven-year odyssey that
took him to Austria, Great Britain, Belgium, the Pontifical
Academy of Science in Rome, and — finally in 1940 - the
Dublin Institute for Advanced Studies, founded under the
influence of Premier Eamon de Valera, who had been a
mathematician before turning to politics. Schrodinger
remained in Ireland for the next 15 years, doing research
both in physics and in the philosophy and history of science.
During this period he wrote What Is Life? (1944), an attempt
to show how quantum physics can be used to explain the
stability of genetic structure. Although much of what
Schrodinger had to say in this book has been modified and
amplified by later developments in molecular biology, his
book remains one of the most useful and profound
introductions to the subject. In 1956 Schrodinger retired and

returned to Vienna as professor emeritus at the university.
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STEPHEN
HAWKING

Stephen Hawking (born January
8, 1942, Oxford, Oxfordshire,
England — died March 14, 2018,
Cambridge, Cambridgeshire), English theoretical physicist

whose theory of exploding black holes drew upon
both relativity theory and quantum mechanics. He also
worked with space-time singularities.

Hawking studied physics at University College,
Oxford (B.A., 1962), and Trinity Hall, Cambridge (Ph.D.,
1966). He was elected a research fellow at Gonville and
Caius College at Cambridge. In the early 1960s Hawking
contracted amyotrophic lateral sclerosis, an incurable
degenerative neuromuscular disease. He continued to work
despite the disease’s progressively disabling effects.

Hawking worked primarily in the field of general
relativity and particularly on the physics of black holes. In
1971 he suggested the formation, following the big bang, of
numerous objects containing as much as one billion tons of
mass but occupying only the space of aproton. These
objects, called mini black holes, are unique in that their
immense mass and gravity require that they be ruled by the
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laws of relativity, while their minute size requires that the
laws of quantum mechanics apply to them also. In 1974
Hawking proposed that, in accordance with the predictions
of quantum theory, black holes emit subatomic particles
until they exhaust their energy and finally explode.
Hawking’s work greatly spurred efforts to theoretically
delineate the properties of black holes, objects about which
it was previously thought that nothing could be known. His
work was also important because it showed these properties’
relationship to the laws of classical thermodynamics and
quantum mechanics.

Hawking’s contributions to physics earned him many
exceptional honours. In 1974 the Royal Society elected him
one of its youngest fellows. He became professor of
gravitational physics at Cambridge in 1977, and in 1979 he
was appointed to Cambridge’s Lucasian professorship of
mathematics, a post once held by Isaac Newton. Hawking
was made a Commander of the Order of the British
Empire (CBE) in 1982 and a Companion of Honour in 1989.
He also received the Copley Medal from the Royal Society
in 2006 and the U.S. Presidential Medal of Freedom in 2009.
In 2008 he accepted a visiting research chair at the Perimeter
Institute for Theoretical Physics in Waterloo, Ontario,
Canada.
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PETER HIGGS

e B Peter Ware Higgs (born 29 May
780 Sl 1929) is a British theoretical
physicist, Emeritus Professor in the University of Edinburgh,

and Nobel Prize laureate for his work on the mass
of subatomic particles.

In the 1960s, Higgs proposed that broken symmetry in
electroweak theory could explain the origin of mass of
elementary particles in general and of the W and Z bosons in
particular. This so-called Higgs mechanism, which was
proposed by several physicists besides Higgs at about the
same time, predicts the existence of a new particle, the Higgs
boson, the detection of which became one of the great goals
of physics. On 4 July 2012, CERN announced the discovery
of the boson at the Large Hadron Collider. The Higgs
mechanism is generally accepted as an important ingredient
in the Standard Model of particle physics, without which
certain particles would have no mass.

Higgs has been honoured with a number of awards in
recognition of his work, including the 1981 Hughes Medal
from the Royal Society; the 1984 Rutherford Medal from the
Institute of Physics; the 1997 Dirac Medal and Prize for
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outstanding contributions to theoretical physics from the
Institute of Physics; the 1997 High Energy and Particle
Physics Prize by the European Physical Society; the 2004
Wolf Prize in Physics; the 2009 Oskar Klein Memorial
Lecture medal from the Royal Swedish Academy of
Sciences; the 2010 American Physical Society J. J. Sakurai
Prize for Theoretical Particle Physics; and a unique Higgs
Medal from the Royal Society of Edinburgh in 2012. The
discovery of the Higgs boson prompted fellow physicist
Stephen Hawking to note that he thought that Higgs should
receive the Nobel Prize in Physics for his work, which he
finally did, shared with Francois Englert in 2013. Higgs was
appointed to the Order of the Companions of Honour in the
2013 New Year Honours and in 2015 the Royal Society
awarded him the Copley Medal, the world's oldest scientific

prize.

WRITING

1. After reading the texts and learning about the early
history of physics complete the chart about the forefathers
of physics and their achievements:

scientists accomplishments

Archimedes menswredl the dewstty of soltd bodies by subwerging thew tn a Liquid, ete.
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2. Go online and find information about a physicist you
really admire. Write an essay of 150-200 words about this
physicist. Make use of the guidelines:

» family background

» education

» personal qualities and interests

» professional career

» most outstanding scientific achievements

Study help Paragraph writing

A paragraph is a group of related sentences that develop an idea.
The main idea is supported by major details that grow out of it.

And there are also the so called minor details that grow out of the
major ones, 1.e. examples, explanations, additional information, etc.

When you write, try to join your ideas with the linking words and

phrases. When you have finished, re-read and check your work.
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MODERN PHYSICS

Choose one of the fields of physics. Use it as a starting
point for your mind map to brainstorm as many branches
and areas of application related to this field as you can.
Present your mind map to the rest of the class. Explain how
the ideas are connected.

Example

Bombs Power

Evolution of Materials &

the Universe \\-‘ledical llws/ Technology

SUBATOMIC NUCLEAR ATOMS &
PARTICLES PHYSICS MOLECULES

QUANTUM THEORY

'

Quantum e — QUANTUM OPTICS =~  Quantum
Computing ' / \ Cryptography

Lasers Communications

Look at the pictures. What kind of invention or
discovery do they illustrate? What field(s) of physics does
each of them refer to?
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Breakthroughs
in Quantum Physics

What is quantum physics? Put simply, it’s the physics
that explains how everything works: the best description we
have of the nature of the particles that make up matter and the
forces with which they interact.

Quantum physics underlies how atoms work, and so
why chemistry and biology work as they do. You, me and the
gatepost — at some level at least, we’re all dancing to the
quantum tune. If you want to explain how electrons move
through a computer chip, how photons of light get turned to
electrical current in a solar panel or amplify themselves in
a laser, or even just how the sun keeps burning, you’ll need to
use quantum physics.
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The difficulty — and, for physicists, the fun — starts here.
To begin with, there’s no single quantum theory. There’s
quantum mechanics, the basic mathematical framework that
underpins it all, which was first developed in the 1920s by Niels
Bohr, Werner Heisenberg, Erwin Schrodinger and others. It
characterizes simple things such as how the position or
momentum of a single particle or group of few particles
changes over time.

But to understand how things work in the real world,
quantum mechanics must be combined with other elements of
physics — principally, Albert Einstein’s special theory of
relativity, which explains what happens when things move very
fast — to create what are known as quantum field theories.

Three different quantum field theories deal with three of
the four fundamental forces by which matter interacts:
electromagnetism, which explains how atoms hold together;
the strong nuclear force, which explains the stability of the
nucleus at the heart of the atom; and the weak nuclear force,
which explains why some atoms undergo radioactive decay.

Over the past five decades or so these three theories have
been brought together in a ramshackle coalition known as the
“standard model” of particle physics. For all the impression
that this model is slightly held together with sticky tape, it is
the most accurately tested picture of matter’s basic working
that’s ever been devised. Its crowning glory came in 2012 with
the discovery of the Higgs boson, the particle that gives all
other fundamental particles their mass, whose existence was
predicted on the basis of quantum field theories as far back as
1964.
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Conventional quantum field theories work well in
describing the results of experiments at high-energy particle
smashers such as CERN’s Large Hadron Collider, where the
Higgs was discovered, which probe matter at its smallest
scales. But if you want to understand how things work in many
less esoteric situations — how electrons move or don’t move
through a solid material and so make a material a metal, an
insulator or a semiconductor, for example — things get even
more complex.

The billions upon billions of interactions in these
crowded environments require the development of “effective
field theories” that gloss over some of the gory details. The
difficulty in constructing such theories is why many important
questions in solid-state physics remain unresolved — for
instance why at low temperatures some materials
are superconductors that allow current without electrical
resistance, and why we can’t get this trick to work at room
temperature.

But beneath all these practical problems lies a huge
quantum mystery. At a basic level, quantum physics predicts
very strange things about how matter works that are completely
at odds with how things seem to work in the real world.
Quantum particles can behave like particles, located in a single
place; or they can act like waves, distributed all over space or
in several places at once. How they appear seems to depend on
how we choose to measure them, and before we measure they
seem to have no definite properties at all —leading us to a
fundamental conundrum about the nature of basic reality.
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This fuzziness leads to apparent paradoxes such
as Schrodinger’s cat, in which thanks to an uncertain quantum
process a cat is left dead and alive at the same time. But that’s
not all. Quantum particles also seem to be able to affect each
other instantaneously even when they are far away from each
other. This truly bamboozling phenomenon is known as
entanglement, or, in a phrase coined by Einstein (a great critic
of quantum theory), “spooky action at a distance”. Such
quantum powers are completely foreign to us, yet are the basis
of emerging technologies such as ultra-secure quantum
cryptography and ultra-powerful quantum computing.

But as to what it all means, no one knows. Some people think
we must just accept that quantum physics explains the material
world in terms we find impossible to square with our
experience in the larger, “classical” world. Others think there
must be some better, more intuitive theory out there that we’ve
yet to discover.

In all this, there are several elephants in the room. For a start,
there’s a fourth fundamental force of nature that so far quantum
theory has been unable to explain. Gravity remains the territory
of Einstein’s general theory of relativity, a firmly non-quantum
theory that doesn’t even involve particles. Intensive efforts
over decades to bring gravity under the quantum umbrella and
so explain all of fundamental physics within one “theory of
everything” have come to nothing.

Meanwhile cosmological measurements indicate that over 95
per cent of the universe consists of dark matter and dark
energy, stuffs for which we currently have no explanation
within the standard model, and conundrums such as the extent
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of therole of quantum physics in the messy workings of
life remain unexplained. The world is at some level quantum —
but whether quantum physics is the last word about the world
remains an open question.

Schrodinger’s Cat

Devised in 1935 by the Austrian physicist Erwin
Schrodinger, this thought experiment was designed to shine a
spotlight on the difficulty with interpreting quantum theory.

Quantum theory is very strange. It says that an object like
a particle or an atom that adheres to quantum rules doesn’t have
a reality that can be pinned down until it is measured. Until
then, its properties, such as momentum, are encoded in a
mathematical object known as a wave function that essentially
says: if you make a measurement, here are a range of possible
outcomes. The inevitable question that arose as the theory
developed was: what, then, is the thing doing before that?

The most prominent answer in the 1930s came from
the Copenhagen interpretation, developed in the Danish city by
luminaries of quantum theory, Niels Bohr and Werner
Heisenberg. This says that there really is no definitive reality
before the measurement, and the object is in an undefined state
known as a superposition.

Schrédinger’s thought experiment probed how this plays
out when a quantum object is coupled to something more
familiar. He imagined a box containing a radioactive atom, a
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vial of poison and a cat. Governed by quantum rules, the
radioactive atom can either decay or not at any given moment.
There’s no telling when the moment will come, but when it
does decay, it breaks the vial, releases the poison and kills the
cat.

If the Copenhagen interpretation is correct, then before
any measurement has occurred, the atom, and so also the cat,
are in a superposition of being decayed/dead and not
decayed/alive. The absurdity of speaking of a simultaneously
living and dead moggie was supposed to show that the
Copenhagen interpretation must be lacking something.

The experiment played an important part in spurring
other ways of thinking about quantum theory, including the
many worlds interpretation, which says that the different
possible realities of a quantum object crystallise into different
parallel universes at the point of measurement.

These days the thought experiment has taken on a kind of
cult status. There are Schrodinger’s cat T-shirts, memes and
hundreds of articles on the subject. In 2018, scientists published
a more complicated variant of the thought experiment that
appears to show that all existing interpretations of quantum

theory are incomplete.

Quantum Mechanics

Quantum mechanics is the best tool we have to
understand how the universe works on its smallest scales.
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Everything we can see around us, from far-off galaxies to our
own bodies, is made up of subatomic particles, unimaginably
tiny entities whose interactions produce the macroscopic
effects we experience day-to-day. While it’s tempting to
imagine that these interactions obey the laws of physics that
we’re familiar with in our everyday lives, they are actually
much stranger.

One of the first physicists to confront this strangeness
head-on was Max Planck. In order to explain unusual
observations produced when objects were heated to high
temperatures, he made a radical assumption. Instead of energy
being emitted in a continuous stream, he assumed that there
must be some indivisible base unit of energy that could be split
no further. In other words, energy could only be exchanged in
finite chunks, which he called quanta.

While Planck only came up with this idea in order to
simplify his calculations, other physicists rapidly leaped on the
real-world implications. Over the coming decades, Albert
Einstein, Niels Bohr, Werner Heisenberg, Erwin Schrodinger
and others completely restructured the standard picture of
reality.

The new picture that emerged showed a world totally
unlike the one we knew. A world where objects could travel
through walls, particles led parallel lives as waves, and
information appeared to be transmitted faster than the speed of
light. Many of these apparent paradoxes are so mind-bending
as to have entered popular culture. Perhaps most famous is the
case of Schrodinger’s cat, which imagines a cat trapped in a
box that is both dead and alive until somebody bothers to look
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inside. Small wonder Nobel laureate Richard Feynman
supposedly said: “If you think you understand quantum
mechanics, you don’t understand quantum mechanics”.

Not that physicists have stopped trying. In their attempts to
make sense of quantum weirdness, they have come up with a
host of different interpretations of the mathematics at the
theory’s heart. As of the time of writing, it remains anyone’s
game.

WRITING

Choose one of the discoveries or inventions of modern
physics. Write a paragraph about it. Give at least three
reasons to prove its significance. Make use of the
expressions and the signal words from the Study help box.

It made it possible to .../It helped to...
It was a breakthrough in...

It made a revolution in...

It made an important contribution to...
It gave rise to.../It gave birth to...

It laid the foundation for...

It found widespread application in...
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Study help Listing

It is important when reading or
writing to recognize and understand the
relationship in which sentences and
groups of sentences combine to present
information.

Here are the signal words that can
be used to show the order in which
things are to be said.

Firstly In the first place

Secondly In addition 1o

Also What is more
Above all



APPENDICES

List of abbreviations, physical constants and international
terms frequently used in English scientific and technical

literature:
+ plus, b?> b square 3/a the cube
atb=c (a plusb root of a
is equal to ¢) ar asubone,a
- minus first 4 doverdt
15-5=10 (fifteen d
minus five is d« dsubk dy
equal to ten) - dy over dx or
= equals or is n3  nsub three the first
equal to derivative of y
10" ten to the with respect to x
x multiplied by, minus eleventh
times (power) atb_ctd
a-b c-d
a plus b over a
axb=d (a 107 ten to the minus b is equal
multiplied by b seventh (power) to ¢ plus d over
equals d or a ¢ minus d
times b is equal to | [ ] brackets, square
d) brackets 0.51 0 point
five one
a+b (a divided by | () roundbrackets/
b) parentheses 0,014 0 point 0
one four
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# is not equal to

a#b (a is not
equal to b)

< is less than,

a<b(aisless
than b)

> is greater than,

a>b (a is greater
than b)

{} Dbraces

\a the square root
ofa

Ya the n™ root of
a

a” asecond
prime

a' aprime

255,604 two
hundred and
fifty-five
thousand six
hundred and
four

2% two and a

half

§ one third, a
third
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Name
Atomic Mass Unit/
Avogadro's Number/
Bohr Magneton/
Bohr Radius/
Boltzmann's Constant/
Deuteron Mass/
Electric Constant/
Electron Mass/
Electron-Volt/
Elementary Charge/

Faraday Constant/

Fine Structure Constant/
Hartree Energy/
Hydrogen Ground State/

Josephson Constant/

Magnetic Constant/

Symbol

my

£y

o

o
me

eV

En

eV

Value
1.66053873(13) x 10?7 kg
6.02214199(47)x 10*mol™!
9.27400899(37)x102*J T"!
0.5291772083(19)x10"'m
1.3806503(24) x 10 K!
3.34358309(26) x10?" kg
8.854187817 x 10" F m™!
9.10938188(72) x 10! kg
1.602176462(63) x 10"° J
1.602176462(63) x 10" C

9.64853415(39) x
x 10* C mol™

7.297352533(27) x 1073
4.35974381(34)x 108 J
13.6057

4.83597898(19) x
x 10" Hz V!

47 x 107
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Molar Gas Constant/
Natural Unit of Action/

Newtonian Constant of
Gravitation/

Neutron Mass/

Nuclear Magneton/

Planck Mass/

Rydberg Constant/

Speed of Light in
Vacuum/
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R

A

G

Mpn

Ry

8.314472(15) I K! mol!
1.054571596(82) x 10] s

6.673(10)x10™"'m* kg s

1.67492716(13) x 10?7 kg
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SINGULAR PLURAL
Axis Axes
Analysis Analyses
Basis Bases
Criterion Criteria
Datum Data
Equilibrium Equilibria
Focus Foci
Formula Formulae/formulas
Index Indices/indexes
Locus Loci
Maximum Maxima
Minimum Minima
Medium Media
Momentum Momenta
Nucleus Nuclei
Phenomenon Phenomena
Quantum Quanta
Radius Radii
Spectrum Spectra
Thesis Theses
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Common Science Prefixes & Suffixes

Prefix Meaning Example

A-, An- without Asexual, anaerobic
Amphi- both sides Amphibian
Auto- self Auto-immune
Bi- two Biennial

Bio- life Biology
Carcin- cancer Carcinogen
Circum- around Circumference
Di- two Dicotyledon
Dia- across Diameter
Epi- upon Epidermis
Ex- out Exoskeleton
Inter- between Interstellar
Kine- move Kinetic
Macro- large Macroscopic
Strat- layer Stratosphere
Suffix Meaning Example
-arium place for Aquarium
-cide killer of Pesticide
-cule very small Molecule

-en made of Wooden

-ist one who practices | Scientist

-itis infection Laryngitis
-let small Platelet
-ment action or process Experiment
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-ology study of Biology
-0sis process Osmosis
-phyll plant Chlorophyll
-ize to make Synthesize
-oid resembling Asteroid
-tude state of Amplitude
Latin Abbreviations in English

Abbrev. Full Form Meaning

AD anno Domini since the time of Christ

am. ante meridiem in the morning; before noon
c (or ca) circa around; approximately

cf confer please see ...; refer to ...

e.g. exempli gratia for example

etal. et alii and other authors

etc. et cetera and similar others; and the rest
ff. foliis and subsequent pages

ibid. ibidem in the same source

ie. id est that is to say; in other words
no. numero number

op. cit. opere citato from the earlier-given source
p.m. post meridiem after noon

q.v. quod videre check this elsewhere

(sic) sic erat scriptum | so it was written

v. (orvs.) | versus against; compared to

viz. videlicet namely
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BASIC VOCABULARY
OF PHYSICS

Forces and Motion

Acceleration — the rate at which a moving object increases its
speed

Aerodynamic — shaped in a way that makes it easier for smth
to move through the air smoothly

At rest — not moving

Centre of gravity — the point in an object around which its
weight balances

Centrifugal force — a force that makes things move from the
centre of smth

Centripetal force — a force that makes things move towards
the centre of smth

Circular path — a direction in which smth.is moving that is in
shape of a circle

Decelerate — to move more slowly
Efficient — working well and producing good results
Exert — to put force or physical pressure on smth.

External forces — a force that is outside an object and acts on it
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First law of motion — one of the laws about movement that

were first expressed by Newton

Force — a power that makes an object move or that changes the

way it moves

Friction — the force that resists the movement of one object
against another

GPS - Global Positioning Satellite

Gravitational pull — the force exerted by gravity, in which
things are pulled towards an object

Mass — the amount of matter that smth. contains

Moment — the tendency of a force to produce movement of a
load

Newton — a unit for measuring force, equal to the force that
causes a mass of one kg to accelerate

Pull — a strong physical force that causes things to move in a
particular direction

Push — a movement in which you push someone or something

Resistance — a force that makes a moving object move more

slowly

Resultant force — the total force that is acting on an object
Rotate — to move in a circle around a central point
Roughness — the quality of being not smooth

Slide — move smoothly and quickly across a surface
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Slow down — reduce the level or amount of speed
Smooth — completely flat
Speed — how fast an object travels

Static friction — the force that prevents stationary objects from

moving
Surface — the top layer or outside part of smth.

Turning effect — when a force acts along a line which does not
pass through the center of gravity

Twist — to bend or turn in a curved shape
Unstable — likely to change at any time
Weight — a measurement of how heavy smth.is

Weightlessness — the state of having no weight

Energy and Machines

Apply — to use physical force to make smth happen or work

Balancing point — the fixed point on which a lever turns or

pivots

Chemical energy — energy that is stored in the chemical
structure of a substance

Collision — what happens when two or more objects collide
Conservation — the maintenance of a quantity of smth such as

energy or mass at a constant amount

216



Convert — to change from one thing to another
Distance — the amount of space between two people or things

Effort — the force used on a machine of any type in order to

make it able to move an object

Elastic collision — all of the kinetic energy is transferred from
one object to another and kinetic energy is not wasted in the
form of heat or light

Electrical energy — a type of energy that is carried by very

small moving particles

Force multiplier — a system that reduces the force needed to

move smth.
Fulcrum — the point on which a lever balances or turns

Gear — a device that consists of rotating wheels with evenly
sized and spaced teeth around the edges

Generate — to produce power or heat

Heat — the energy that is produced when the temperature of
smth. changes

Inclined plane — a flat surface that forms a slope, making an

angle of less than 90 degrees with a horizontal surface
Joule — a unit of measuring work or energy. Symbol J

Kinetic energy — the energy that an object has as a result of

moving

Lever — a solid bar, that you put under a heavy object to move it
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Lift — the force that makes an aircraft leave the ground and stay
in the air

Light energy — energy in the form of light coming mainly from
the Sun

Mass energy — mass and energy regarded as interconvertible
according to the laws of relativity

Mesh — if parts of an engine or other machine mesh, they
connect tightly with each other and work together

Momentum — the tendency of a moving object to keep moving

unless another force stops it or slows it down

Nuclear energy — energy that is released during a nuclear
reaction

Nuclear fission — the process of splitting the nuclei of
particular atoms

Nuclear fusion — the process of combining the nuclei of

particular atoms
Pivot — a fixed point or pin that smth. turns on or balances on

Plutonium — a radioactive element that is very toxic and is used

in the production of nuclear power

Potential energy — the energy that an object or system has
stored because of its position or condition

Reduce — to make smth. smaller or less in size, amount,

importance, price
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Release — to let a substance or energy spread into the area
around it

Rotate — to move in a circle around a fixed point

Run — if a machine or engine is running, it is operating

Solar energy — the energy released by nuclear fusion reactions
in stars such as the sun

Sound energy — energy in the form of sound waves

Spiral inclined plane — an inclined plane that has a spiral shape
Split — to divide smth into several parts

Store — to keep smth.in a particular place

Transfer — to move smth. or someone from one place to
another

Uranium — a silver-white, radioactive metal element
Velocity — the speed at which smth moves in one direction

Work — the process of changing energy from one form into
another

Light and Sight

Angle of incidence — the angle between a ray of light and a line
that is perpendicular to a surface, at the point where the ray
touches it

Angle of reflection — the angle between a reflected ray of light
and a line that is perpendicular to a surface, at the point where
the ray is reflected
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Beam — a line of light or other form of energy
Bend — to become curved or folded and not straight
Concave — curved inwards

Condensing lens — a lens which makes light rays move towards
each other after they hit it

Converging beam — a beam of light in which the rays come
together

Convex — a convex surface curves outwards
Demagnifier — smth which makes an image appear smaller
Dim — not bright or clear

Dispersion of light — the separation of a beam of light into
several colours

Diverging beam — a beam of light in which the rays spread

from a source
Diverging mirror — a mirror that reflects rays of light outwards

Eclipse — a short period when all or part of the Sun or Moon
becomes dark, because of the position of the Sun, Moon and
Earth

Electromagnetic radiation — light, including light we can see
and light we can’t see

Filament — the thin wire inside a light bulb

Fluorescent lamp — an electric light that consists of a glass
tube with a gas inside and two electrodes at each end

220



Focal length — the distance from the centre of a lens or mirror

to its focal point

Glare — a very bright light that reflects off a surface and makes
things difficult to see

Incandescent source — smth that produces light as a result of
being made very hot

Incident ray — a ray of light that hits a surface

Inert gas — a gas that does not produce a chemical reaction with
other substances

Magnification — the power of a piece of equipment to make

smth. appear bigger than it really is
Microwave — a type of electromagnetic wave used in radar
Non-luminous — not producing or reflecting light

Opaque — an opaque substance does not allow light to pass
through it

Optical effect — the special way that smth. looks because of the
way light is reflected

Optical fibre — a very long thin piece of transparent glass, used
in telephone and computer systems for sending information in
the form of light

Parallel beam — a beam of light in which the rays are an equal
distance from each other

Penumbra — an area covered by the outer part of a shadow, so
that it is not completely dark
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Photoluminescent material — a material that produces light

when a voltage is applied to it

Pupil - the black round part in the centre of the iris of the eye,
where light enters

Radio wave — an electromagnetic wave that radio signals can
be sent on

Rays — a line of light, heat or energy
Reflected ray — a ray of light that is reflected from a surface

Refraction — the way in which light bends when it passes from
one substance to a different substance

Scattered — spread over a large area

Self-luminous — smth. that is self-luminous produces its own
light
Speed of light — the speed of light in a vacuum which is equal

to 3*10® metres per second

Total internal reflection — a situation that exists when light is
refracted so much when it enters a dense medium that is sent

backwards

Translucent — a translucent surface is clear enough for light to
pass through it, but not completely clear

Transparent — a transparent surface is clear enough to allow a
lot of light to pass through it

Ultraviolet — ultraviolet light has waves with shorter wave-
lengths than light that humans can see

222



Umbra — a very dark shadow, sometimes inside an area of
lighter shadow

Uniformly — in the same way
Visible spectrum — the seven colours that make up white light

X-ray — a type of dangerous radiation with a very short
wavelength that is used for producing images of the inside of

things
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