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BCTYVYII

Meronnuni BkaziBku «ENGLISH FOR STUDENTS OF PHYSICS AND
ASTRONOMY. (PART 1. MECHANICS, THERMODYNAMICS AND
MOLECULAR PHYSICS)» po3po0ieHi 10 NpaKTUYHHX 3aHITh 3 HaBYAIBHOI
aucuIulia «[Ho3emMHa MoBa (3a MpogeciiHUM CHpsIMYBaHHSAM)» IS 3700yBadiB
BUIIO1 OCBITU NepIoro (0akalaBpCchKoro) piBHs 3a crenianbHIcTIO 104 - «Di3uka Ta
aCTpOHOMIs». 3MICT METOJIMYHUX BKa31BOK BIANOBLAAE poOOUii MporpaMi HaBYaJIbHOT
JUCUUIUTIHU. Marepian peKoMeHJ0BaHO BHUKOPHUCTOBYBATH y IMEPUIOMY Ta JIPYroMy

ceMecTpax MepIoro Kypcy.

MetoauyHi BKa3iBKU MICTATh 10 po3AULTIB 3a CIEHIabHICTIO, B KOXXHOMY €
ABTCHTHYHMI TEKCT 3a CIEIIAIbHICTIO, MUTaHHS O TEKCTY, CIUCKU CJIIB Ta TEPMIHIB
JUISL YIOCKOHAJIEHHs ()axoBOi JICKCUKH, JIGKCUYHI BIIPAaBH Ta BIIPABH Ha TMEpPEKiIa, a

TaKOX 3aBJAaHHS JIJI1 CAaMOCTIMHOTO TONIyKy iHbopmarrii B [HTepHeTI.

MetoauyHi BKa3iBKM HAJalOTh MOXJIMBOCTI JiJIE OOTOBOPEHHsI aHTJIIHMCHKOIO
MOBOIO B@XJIMBUX MHUTaHb 3 (I3UKK 3 METOK TMIABUIICHHS €(GEeKTUBHOCTI
npodeciHHOTO CIUIKYBaHHS Ta (JOPMYBaHHS y CTYIEHTIB KOMIUJIEKCY 3HAaHb, YMiHb,

HEOOXITHUX ISl TOAIBINOT PO eCciifHOT AISTBHOCTI.



Unit 1.

I. Read and translate the text. Learn the new vocabulary

Physics — the most fundamental physical science

Physics, the most fundamental physical science, is concerned with the
fundamental principles of the Universe. It is the foundation upon which the other
sciences—astronomy, biology, chemistry, and geology—are based. It is also the basis
of a large number of engineering applications. The beauty of physics lies in the
simplicity of its fundamental principles and in the manner in which just a small number
of concepts and models can alter and expand our view of the world around us. The

study of physics can be divided into six main areas:

1. classical mechanics, concerning the motion of objects that are large relative to

atoms and move at speeds much slower than the speed of light

2. relativity, a theory describing objects moving at any speed, even speeds
approaching the speed of light

3. thermodynamics, dealing with heat, work, temperature, and the statistical

behavior of systems with large numbers of particles

4. electromagnetism, concerning electricity, magnetism, and electromagnetic
fields

5. optics, the study of the behavior of light and its interaction with materials

6. quantum mechanics, a collection of theories connecting the behavior of matter

at the submicroscopic level to macroscopic observations.

The disciplines of mechanics and electromagnetism are basic to all other
branches of classical physics (developed before 1900) and modern physics (c. 1900—

present). Many principles and models used to understand mechanical systems retain
5



their importance in the theories of other areas of physics and can later be used to
describe many natural phenomena. Therefore, classical mechanics is of vital

importance to students from all disciplines.

Like all other sciences, physics is based on experimental observations and
guantitative measurements. The main objectives of physics are to identify a limited
number of fundamental laws that govern natural phenomena and use them to develop
theories that can predict the results of future experiments. The fundamental laws used
in developing theories are expressed in the language of mathematics, the tool that
provides a bridge between theory and experiment. When there is a discrepancy between
the prediction of a theory and experimental results, new or modified theories must be
formulated to remove the discrepancy. Many times a theory is satisfactory only under
limited conditions; a more general theory might be satisfactory without such
limitations. For example, the laws of motion discovered by Isaac Newton (1642-1727)
accurately describe the motion of objects moving at normal speeds but do not apply to
objects moving at speeds comparable to the speed of light. In contrast, the special theory
of relativity developed later by Albert Einstein (1879-1955) gives the same results as
Newton’s laws at low speeds but also correctly describes the motion of objects at speeds
approaching the speed of light. Hence, Einstein’s special theory of relativity is a more

general theory of motion than that formed from Newton’s laws.

Classical physics includes the principles of classical mechanics,
thermodynamics, optics, and electromagnetism developed before 1900. Important
contributions to classical physics were provided by Newton, who was also one of the
originators of calculus as a mathematical tool. Major developments in mechanics
continued in the 18th century, but the fields of thermodynamics and electromagnetism
were not developed until the latter part of the 19th century, principally because before
that time the apparatus for controlled experiments in these disciplines was either too

crude or unavailable.



A major revolution in physics, usually referred to as modern physics, began near
the end of the 19th century. Modern physics developed mainly because many physical
phenomena could not be explained by classical physics. The two most important
developments in this modern era were the theories of relativity and quantum mechanics.
Einstein’s special theory of relativity not only correctly describes the motion of objects
moving at speeds comparable to the speed of light; it also completely modifies the
traditional concepts of space, time, and energy. The theory also shows that the speed of
light is the upper limit of the speed of an object and that mass and energy are related.
Quantum mechanics was formulated by a number of distinguished scientists to provide
descriptions of physical phenomena at the atomic level. Many practical devices have
been developed using the principles of quantum mechanics. Scientists continually work
at improving our understanding of fundamental laws. Numerous technological
advances in recent times are the result of the efforts of many scientists, engineers, and
technicians, such as unmanned planetary explorations, a variety of developments and
potential applications in nanotechnology, micro circuitry and high-speed computers,
sophisticated imaging techniques used in scientific research and medicine, and several
remarkable results in genetic engineering. The effects of such developments and
discoveries on our society have indeed been great, and it is very likely that future

discoveries and developments will be exciting, challenging, and of great benefit to

humanity.
(From Physics for Scientists and Engineers with Modern Physics,
Raymond A. Serway, John W.Jewett Jr., pp.2-3)
Vocabulary
physics [ fiziks] bizuka
to be concerned with mym. OyTH TIOB’ I3aHUM 3

simplicity [sim'plis.r.ti] pOCTOTA



alter ['o:1ta(r)]
expand

relativity [ rel.a'tiv.1.ti]

thermodynamics [ 03:.mou.dar nem.iks]

electromagnetic fields

interaction

natural phenomena (phenomenon —sing.)

experimental observations
guantitative measurement
['kwon.tr.ta.tiv 'mezomont]
tool

discrepancy [dr'skrep.on.si]
accurately [ &k jo.rat -1i]
calculus ['kaelkjo.las]
crude [kru:d]

distinguished scientists
[dr'stip.gwift "saron.tists]

quantum
mechanics ['kwon.tom ma'kaen.iks]

technological advances

micro circuitry [ 'mar.Krou ‘s3:.kr.tri]

3MIHIOBaTH

PO3IIUPUTH

BITHOCHICTH

TEpMOJMHAMIKa

€JIEKTPOMArHiTHI MOJIs

B3a€EMOTIS

IPUPOJIHI ABHUIIA (IBHIIE — OJIH.)
EKCIIEpUMEHTATBHI CIIOCTEPEIKEHHS

KUIbKICHE BUMIPIOBAHHS

IHCTPYMEHT
HEBIAIIOBIAHICTH
TOYHO
00YHCIICHHSA
CUpHI

BU/IaTHI BUEHI

KBAHTOBA MEXaHIKA

TeXHIYHUU MpOTpec

MIKPOCXEMOTEXHIKA; MIKPOCXEMHU;
IHTErpajgbHI CXEMU



Exercise 1. Answer the following questions

1. What is physics concerned with? 2. What other sciences are based on physics?
3. What does the beauty of physics lie in? 4. What areas can the study of physics be
divided into? 5. What is the difference between classical physics and modern physics?
6. What is used to understand mechanical systems retain their importance in the theories
of other areas of physics? 7. Why is classical mechanics of vital importance to students
from all disciplines? 8. What is physics based on? 9. What are the main objectives of
physics? 10. How are the fundamental laws in developing theories expressed? 11. Many
times a theory is satisfactory only under limited conditions, isn’t it? Give some
examples. 12. What does classical physics include? 13. Who provided important
contributions to classical physics? 14. Did major developments in mechanics continue
in the 18th century? 15. Why did modern physics develop? 16. The two most important
developments in this modern era were the theories of relativity and guantum mechanics,
weren’t they? 17. What does Einstein’s special theory of relativity show? 18. Why was
guantum mechanics formulated? 19. What can you say about recent technological

advancements? 20. Will future discoveries be exciting? What do you think?

Exercise 2. Find the English equivalents in the text. Use them in your own

sentences

OyTu 3allikaBieHUM (QyHIaAMEHTAIbHUMHU TpUHIHMNAMU BcecBiTy, mpocTtota
Horo (QyHIaMEHTaIbHUX MPUHIUIIB, BEJMKA KUIBKICTh 1HXKCHEPHHX 3aCTOCYBAHb,
PO3LIMPUTH HAIll TIOTJIS Ha CBIT, OYTH PO3AUICHUM Ha, pyX 00’ €KTiB, pyXaTucs 3i
IIBUIKICTIO, MATH CTIPABY 3, BEJIUKA KUIBKICTh YACTHHOK, III0 CTOCYETHCS YOTOCh, HU3Ka
TEOpii, 30epiraT BaXJIMBICTh, OMICYBATH 0arato MPHUPOJHMUX SIBUII, 0a3yBaTHUCA Ha
EKCIIEPUMEHTATBHUX CIOCTEPEKEHHSAX, OyTH BHUPAKEHOIO MOBOI MAaTEMATHKH,
3a0e3MeunTy 3B’SI30K MK TEOPI€I0 Ta EKCIIEPUMEHTOM, YCYHYTH HEBIAMOBIIHICTB,
MOPIBHSAHHY 3, TEOPIisS BITHOCHOCTI, OJIMH 13 3aCHOBHUKIB YHMCIICHHS, HU3Ka BHIATHUX

BYCHHUX, IIPHUHCCTHU BCIUKY KOPHUCTD JIIOACTBY.
9



Exercise 3. Match the sentences

1.In many ways, physics

2.Physics

3. A scientist

4.Physics is one of the oldest academic

disciplines and,

5.Physics intersects with.

6. Advances in physics often

7.Physics became a separate science

when

10

a) the scientific method to test the

validity of a physical theory.

b) through its inclusion of astronomy,
perhaps the oldest.

c) the mathematical study of continuous
change, which provided new
mathematical methods for solving
physical problems.

d) is the natural science of matter,
involving the study of
matter, its fundamental constituents,
its motion and behavior through space
and time, and the related entities
of energy and force.

e) in the early 20th century and onward
or branches greatly influenced by early
20th century physics.

f) early modern Europeans used
experimental and quantitative methods to
discover what are now considered to be
the laws of physics.

g) enable new technologies.


https://en.wikipedia.org/wiki/Physical_theory
https://en.wikipedia.org/wiki/Astronomy
https://en.wikipedia.org/wiki/Academic_discipline
https://en.wikipedia.org/wiki/Academic_discipline
https://en.wikipedia.org/wiki/Natural_science
https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Elementary_particle
https://en.wikipedia.org/wiki/Motion
https://en.wikipedia.org/wiki/Spacetime
https://en.wikipedia.org/wiki/Spacetime
https://en.wikipedia.org/wiki/Energy
https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/Early_modern_Europe
https://en.wikipedia.org/wiki/Laws_of_physics
https://en.wikipedia.org/wiki/Technology

8.Modern physics is a branch h) many interdisciplinary areas of
of physics that developed research, such

as biophysics and quantum chemistry.

9.Newton also developed calculus, 1) isapersonwho researches to advance
knowledge in anareaof the natural
sciences.

10. Physicists use j) stems from ancient Greek

philosophy.

Exercise 4. Translate the following sentences into English

1. OnHi€ro 3 YaCTHUH NMPUPOAO3HABCTBA € (Di3UKa.

2. 3aBASKU JOCSATHEHHSIM (DI3MYHOT HAYKH JIFOJACTBO MA€ YHIKaJIbHI 3HAHHS PO
CTPYKTYpY ¥ MOBEAIHKY HAHPI3HOMAaHITHIIINX 00'€KTIB — BiJ] MraHTCHKUX 31p 70
HAUAPIOHIIITUX YACTUHOK PEUOBUHU — ATOMIB 1 MOJIEKYII.

3. i 3HaHHS cTaJIM OCHOBOIO JJI CTBOPEHHSI HOBUX TEXHOJIOT1H 1 MpUIaAiB, sKi
JOTIOMararoTh y poOOTi JrikapsMm 1 OyaiBeIbHUKaM, MaHIPIBHUKAM 1 XJ1i0opobam,
MOJICTIIYIOTh HaIlle TTOBCSK/ICHHE KUTTS, BIIKPUBAIOThH IIBUAKUN JOCTYI JI0 3araciB
1H(pOopMaIrii, HAKOTTMYEHUX JTIFOJICTBOM, TOIIO.

4. di3uka Mae HaJ3BUYAHHO BEJIMUYE3HE 3HAUCHHS B CydacHOMY CBITI. be3 1iei
BaKJIMBOI HaAyKH He O0yJI0 O (GI3MYHUX BIIKPUTTIB.

5. 3a 10MOMOro10 BIIKPUTTIB B TEPMOIMHAMIII OYB CTBOPEHHH aBTOMOO1IB, a
JOCIIHKEHHSI €JIEKTPOMArHiTHOT CKJIaI0BO1 MOIapyBaJIO JIOACTBY TaKUM CydyaCHUN
3aci0 3B’A3KY, sIK MOOUTHbHUN TeJie(OH.

6. Marepis HaBKOJIO HAC MTOCTIMHO 3MIHIOEThCS. JIesKi Tija mepeMillyroThCs
OJIHE BIIHOCHO OJHOT'0, YaCTHHA 3 HUX 31IITOBXYIOTHCS i, MOXKIIUBO, PYHHYIOThCS, 3

OJIHUX T1JI YTBOPIOIOTHCS 1HIIII.
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https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Interdisciplinarity
https://en.wikipedia.org/wiki/Biophysics
https://en.wikipedia.org/wiki/Quantum_chemistry
https://en.wikipedia.org/wiki/Calculus
https://en.wikipedia.org/wiki/Scientific_method
https://en.wikipedia.org/wiki/Branches_of_science
https://en.wikipedia.org/wiki/Natural_science
https://en.wikipedia.org/wiki/Natural_science
https://en.wikipedia.org/wiki/Ancient_Greek_philosophy
https://en.wikipedia.org/wiki/Ancient_Greek_philosophy
https://edufuture.biz/index.php?title=%D0%A4%D1%96%D0%B7%D0%B8%D0%BA%D0%B0_%D1%96_%D0%B0%D1%81%D1%82%D1%80%D0%BE%D0%BD%D0%BE%D0%BC%D1%96%D1%8F

7. Cxin 13axij] COHIISl, CXOJIP)KEHHSI CHITOBOT JIABUHU, BUBEPKEHHS ByJIKaHa, Oir

KOH$, CTPUOOK MaHTepU — yCe 1€ MPUKIIAIU PI3HOMAHITHUX MPUPOIHUX SBUIILI.

8. @131uyHI1 SBUILA MOXKYTh OyTH: MEXaHI4YH1, €JIEKTPUYHI, MAarHITHI, CBITJIOBI,

TEIJIOB1, 3BYKOBI.

9. 11 siBUIIIa BUBYAIOTHCS TAKUMU po3ALIaMu (DI3UKH, SIK: MEXaHiKa, ONTHKA,

eJIEKTPOAMHAMIKA, TEPMOIMHAMIKA, aKyCTHKA Ta 1HIIL.

10. Bei i ¢13u4H1 po3UTH TICHO MOB’s13aH1 MK 00010 Ta POpMYIOThH (DI3UUHY

HayKYy, fIKa BUBYAE SBUIIA IPUPOIH.

(https: //edufuture.biz/index.php?title)

Exercise 5. Read the following interesting piece of information. Share

your opinion with your classmates
Do you know that GPS works on Physics formula?

Modern applications like GPS that help us find our way in life are based on a
physics formula called E=mc?. Satellite navigation systems use geostationary satellites
to precisely pinpoint locations and communicate using radio waves. This is why the
theory of relativity helps with the proper functioning of GPS systems. It’s interesting
stuff, ladies! The astronauts who are currently living in the International Space Station
experience time slowly due to their different rates of velocity and gravity. This is why

they sometimes look younger than what we’re used to seeing them as.

(https://medium.com/@wagasseoranking30/top-10-mind-blowing-facts-about-
physics-33916b04ce36)

Speaking

e Speak about the science of physics.
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https://edufuture.biz/index.php?title
https://medium.com/@waqasseoranking30/top-10-mind-blowing-facts-about-physics-33916b04ce36
https://medium.com/@waqasseoranking30/top-10-mind-blowing-facts-about-physics-33916b04ce36

e Choose an outstanding physicist. Make a report and speak in class.

e Speak about some advances in modern physics.

Unit 2.
I. Read and translate the text. Learn the new vocabulary
Classical mechanics

Using just a few equations, scientists can describe the motion of a ball flying
through the air and the pull of a magnet, and forecast eclipses of the moon. The
mathematical study of the motion of everyday objects and the forces that affect them is
called classical mechanics. Classical mechanics is often called Newtonian mechanics
because nearly the entire study builds on the work of Isaac Newton. Some mathematical
laws and principles at the core of classical mechanics include the following:

« Newton's First Law of Motion: A body at rest will remain at rest, and a body
in motion will remain in motion unless it is acted upon by an external force.

« Newton's Second Law of Motion: The net force acting on an object is equal
to the mass of that object times its acceleration.

« Newton's Third Law of Motion: For every action, there is an equal and
opposite reaction.

« Newton's Law of Universal Gravitation: The pull of gravity between two
objects will be proportional to the masses of the objects and inversely proportional to
the square of the distance between their centers of mass.

« Law of Conservation of Energy: Energy cannot be created nor destroyed,
and instead changes from one form to another; for example, mechanical energy turning

into heat energy.

13


https://www.livescience.com/20296-isaac-newton.html
https://www.livescience.com/46559-newton-first-law.html
https://www.livescience.com/46560-newton-second-law.html
https://www.livescience.com/46561-newton-third-law.html
https://www.livescience.com/37115-what-is-gravity.html
http://www.nuffieldfoundation.org/node/1842

« Law of Conservation of Momentum: In the absence of external forces such
as friction, when objects collide, the total momentum before the collision is the same
as the total momentum after the collision.

« Bernoulli's Principle: Within a continuous streamline of fluid flow, a fluid's
hydrostatic pressure will balance in contrast to its speed and elevation.

Classical mechanics accurately describes the behavior of most *normal objects.
To be considered "normal,"” objects should be "larger than a molecule and smaller than
a planet,” close to room temperature and going at speeds significantly slower than the
speed of light.

Although it is the oldest branch of physics, the term “classical mechanics" is
relatively new. Soon after 1900, a series of revolutions in mathematical thinking gave
birth to new fields of inquiry: relativistic mechanics for phenomena relating to the very
fast, and quantum mechanics for phenomena relating to the very small.

In 1687, Newton published "Mathematical Principles of Natural Philosophy"
which described how bodies move under the influence of external forces. This work
unified mathematical reasoning with relatively new ideas about motion here on the
Earth's surface, and the most ancient of all fields of scientific inquiry: astronomy.

The ancient civilizations of Mesopotamia, Egypt and the Indus Valley all
demonstrated an understanding of the motion of the sun, moon and stars; they could
even predict the dates of eclipses by the 18th century B.C. Celestial mechanics thusly
became the study of how things move about the heavens.

Using Newton's laws, scientists could manipulate symbolic math with algebra
and calculus (also co-invented by Newton) to learn about phenomena not yet observed.
Classical mechanics grew throughout the 18th and 19th centuries to describe everything

from optics, fluids and heat to pressure, electricity and magnetism.

(From https://www.livescience.com/47814-classical-mechanics.html#:)
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http://www.s-cool.co.uk/a-level/physics/momentum-and-impulse/revise-it/principle-of-the-conservation-of-momentum
https://www.livescience.com/47446-fluid-dynamics.html
https://archive.org/details/100878576
https://www.livescience.com/mesopotamia.html
https://www.livescience.com/55578-egyptian-civilization.html
https://www.livescience.com/what-was-the-indus-valley-civilization
https://www.livescience.com/47814-classical-mechanics.html

Vocabulary
the pull of a magnet
forecast eclipses [1'klipsiz] of the moon
to be at the core of
Newton's First Law of Motion
an external force

the net force

acceleration

the pull of gravity

to be inversely proportional to

Law of Conservation of Energy
Law of Conservation of Momentum
friction ['frik.fan]

to collide [ko'laid]

the total momentum [mo'men.toam]
a fluid's hydrostatic pressure
['flu:idz hardrou'steetik prefs(r)]

elevation [ el.r'ver. fon]

CWJIa TSKIHHS MarHiTy
IIPOrHO3 MICSAYHUX 3aTEMHEHb
OyTH B OCHOBI

[Tepmmii 3axkoH pyxy HeroToHa
30BHILIHS CUJIa

PIBHOJIIIOYA CHWJIA; PE3YJIbTYIOUa CUIIA;

4KCTa CHIIA
MIPUCKOPEHHS

IpaBITAIlIfHAUI BIIUB; CHJIA TSHKIHHS;

cuJia rpaBiTarii

OyTu 00EpHEHO MPOIOPIIHHUM
3akoH 30epeKeHHsI eHepTii
3akoH 30epeKeHHsI IMITYJIbCY
TEPTS

3ITKHYTHCS

3arajlbHUM IMITYJIBC

TIPOCTaTUYHUMA TUCK PIIUHU

BHUCOTa
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https://www.livescience.com/46559-newton-first-law.html
http://www.nuffieldfoundation.org/node/1842
http://www.s-cool.co.uk/a-level/physics/momentum-and-impulse/revise-it/principle-of-the-conservation-of-momentum

relativistic mechanics PEIATUBICTChKA MEXaHiKa

celestial HeOecHa MEeXaHIiKa

mechanics [s1'les.ti.ol mo'kaen.iks]

calculus ['kaelkjo.los] MaTeMaTHYHHI aHaJli3; BUIIA

MaTeMaTHKa; 00YMCIICHHS

Exercise 1. Answer the following questions

1. What can scientists do using just a few equations? 2. What is called classical
mechanics? 3. What is classical mechanics often called? 4. What are some
mathematical laws and principles at the core of classical mechanics? Name them. 5.
What does the Newton's First Law of Motion state? 6. Is the net force acting on an
object equal to the mass of that object times its acceleration? 7. For every action, there
Is an equal and opposite reaction, isn’t there? 8. What does Newton's Law of Universal
Gravitation say? 9. What do we come to know due to the Law of Conservation of
Energy? 10. When is the total momentum before the collision the same as the total
momentum after the collision? 11. What is Bernoulli's Principle? 12. Does classical
mechanics accurately describe the behavior of most "normal™ or "abnormal® objects?
13. What should an object be to be considered "normal”? 14. Is the term "classical
mechanics" relatively new or old? 15. What did Newton publish in 16877 16. What did
this work unify? 17. What civilizations understood the motion of the sun, moon and
stars? 18. What was the new study of how things move about the heavens called?
19. What could scientists do using Newton’s laws? 20. What did classical mechanics

describe?
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Exercise 2. Find the English equivalents in the text. Use them in your own

sentences

BUKOPUCTOBYIOUM JIMIIE KUIbKA PIBHSHb, CHWJIH, Kl HA HMX BIUIMBAIOTh, YCE
JOCIIPKEHHS BKJIIOYA€ HACTYIHE, 3aJUIIATHCS B CTaHI CIIOKOIO, 3aJIMIIATUCS B PYCl,
30BHIIIHA cuja, OyTH pIBHOIO, NMPUCKOPEHHS, PiBHA 1 MPOTHIIEkKHA pPEaAKIs, cCuid
TSKIHHS, OyTH OOEpHEHO MPOMOPLIMHMM, KBaJapaT BiAcTaHi, OyTH CTBOpeHUM abo
3HUIICHUM, MEPETBOPUTHUCS HA, 3a BIICYTHOCTI 30BHIIIHIX CWJ, 3arajJbHUM IMITYJIbC,
3ITKHEHHs, B Oe3nepepBHINA JiHII NMOTOKY pPILAMHHM, Ha BIAMIHY BiA, pyXaTucs 31
MIBUKICTSIMH, 31 IIBUAKICTIO CBITJIAa, OyTH BIIIHOCHO HOBUM, TOPOJKYBaTH HOBI1 TaTy3i
JOCJJDKEHHSI, peIsITUBICTChKA MEXaH1Ka, KBAHTOBA MEXaHIKa, sIK TUIa PyXarThCs i
BIUIMBOM 30BHIIIHIX CWJI, HalJIaBHIIIA 3 yCiX 00J1acTeH, pyX COHIIS, MICSI 1 31pOK; MIT
HaBITh TepeadavyaTH AaTH 3aTEMHEHb, Te, SIK pyXaloTbcs pedl Ha Hebecax, HeOecHa
MEXaHiKa, TMOE€JAHATH CHMBOJIIYHY MaTeMaTUKy 3 alreOpor0 Ta OOYMCICHHSIM;

}IiBHaBaTI/ICSI HpO SABHUIIIA, SIKi IIe HE CHOCTepiI‘aJ'II/ICSI; OHI/ICYBaTI/I BCC.
Exercise 3. Match the sentences

1. The fundamental dimensions used in  a) as on his observations of the heavens,
mechanics which he made with the newly invented

telescope about 1610.

2. The study of electromagnetism b) by the Polish astronomer Nicolaus
Copernicus

3. Some quantities, such as c) the state of motion of bodies to which

temperature, have units but they are applied.

4. There are also d) for establishing and enforcing

important dimensionless numbers in standard units for the sake of orderly

nature, commerce, navigation, science, and, of

course, taxation.
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5. Governments have traditionally been
responsible

6. The units used for most

scientific measurements are those
designated by

7. Neither force nor mass is very
clearly defined by Newton, and both

8. Forces, on the other

hand, accelerate bodies, which is to say,
they change

9. The discovery of classical mechanics
was made necessary by the publication,
in 1543, of the book De revolutionibus
orbium coelestium libri VI (“Six Books
Concerning the Revolutions of the
Heavenly Orbs”)

10. Galileo’s fame during his own
lifetime rested not so much on his

discoveries in mechanics

e) adds an additional fundamental
dimension, electric charge, or g. .

f) have been the subject of much
philosophical speculation since
Newton.

g) such as the number 7z = 3.14159 ...

h) are not compounded of fundamental
dimensions.

1) the International System of
Units (Systéme International d’Unités),
or SI for short. They are based on
the metric first

system, adopted

officially by France in 1795.

j) are time, mass, and length.

Exercise 4. Translate the following sentences into English

1. Knnacuyna MexaHika - e BUBYEHHS pyXy Ti1 mig giero Gizmyanx cuwi. Cuna -

11e OyIb-SIKUH BIUTMB, IKUH MOXE 3MYCHTH 00'€KT 3MIHUTH CBOIO IMIBUAKICTb.

2. O0'ekToM MOXe OyTH IO 3aBrOJIHO, BiJ €JIEMEHTApHOI YACTUHKH 10

TaJIaKTHUKH.

3. Kimacnuna mexaHika 3aCHOBaHA Ha HEBENMKiN KUTBKOCTI (DI3MYHMX 3aKOHIB,

SIK1 IPEACTABIIAIOTH COO0I0 MaTeMaTH4H1 (OPMYJIIOBAHHS (DI3UYHOTO CIIOCTEPEKEHHS.
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4. 3aK0HHU, 3 AKUMH MM 31TKHEMOCS, MOXXHA PO3JLIMTH Ha TPH KJIACH: 3aKOHU
pyxy HbroToHa, 3aKOHU 30€peKEHHS Ta 3aKOHU CUJIH.

5. Ak Mu mo6aunmo, TpU 3aKOHU 30€pEeKEHHS KJIACMYHOI MEXaHIKM (EHeprii,
IMITYJIBCY 1 MOMEHTY MOMEHTY) MOKYTb OyTH OTpUMaHI1 3 IPYTrOro 1 TPEThOro 3aKOHIB
pyxy HbloToHa, six 1 nepiuuii 3akoH HerotoHa.

6. CuiioB1 3aKOHM JalOTh HaM CWIIY, AKy HaJa€e NeBHa (I3MYHAa cHCTeMa -
CTHUCHYTa MpykuHa (3aKkoH ['yka) abo 1Bl 3apsakeHi yacTuHkM (3akoH Kysona),
HaIpUKIAI.

7. BoHU Tako MOBEPTAIOTHCS 10 3aKOHIB pyXy HbI0TOHA, X04a BOHH HE MOXKYTh
OyTH BUBEJIEHI 3 HUX 1 caMi 10 cO01 € aKCIOMaMHU.

8. KpiM (i3nuHux 3aKoHIB, ICHY€ BeJIMKa KUIbKICTh BU3HAY€Hb - SIKI HE CIIA
IUTYTaTH 3 3aKOHAMHU.

0. BusnaueHHss - 1e MnOpocTo 3pyyHuid BHOIp. XOPOUIUM MNPUKIAAOM €
BU3HAUEHHS YMCJa 7: MOJOBHHA BIAHOLIEHHS KoJia J0 pajlyca Koa.

10. V¥V XX cromiTTi, OCKUIbKH €KCTIEPUMEHTATbHI CIIOCTEPEIKEHHS TIPUBEIH J10
OUTbIl ~ JETanbHOrO  3HAHHA  BEJIMKOMACIITAOHHUX  BJacTUBOCTeW  Bcecity,
VuiBepcanbHuil 3akoH TpaBitamii HbploTOHa BXXe HE TOYHO MOJIENIOBAB

criocTepexxyBanui BeecBiT 1 moTpeOyBaB 3aMiHM 3d2aIbHON0 8iIOHOCHICHIIO.

(https://ukrayinska.libretexts.org/)

Exercise 5. Read the following interesting piece of information. Share

your opinion with your classmates

While Newton’s laws of motion serve as the foundation of classical mechanics,
an alternative mathematical formulation called Hamiltonian mechanics provides a
different approach to analyzing physical systems. Developed by William Rowan

Hamilton in the early 19th century, this formalism uses generalized coordinates and
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momenta to describe the dynamics of a system. It states that the dynamics of a physical
system are determined by a variational problem for a functional based on a single
function, the Lagrangian, which may contain all physical information concerning the

system and the forces acting on it.
(https://en.wikipedia.org/wiki/Hamilton%27s_principle)

Speaking

Speak about classical mechanics.

Speak about the history of classical mechanics.

Speak about celestial mechanics.

Speak about Isaac Newton and his genius.

Unit 3.
I. Read and translate the text. Learn the new vocabulary

Kinematics

Kinematics is the branch of classical mechanics that describes the motion of
points, objects and systems of groups of objects, without reference to the causes of
motion (i.e., forces). The study of kinematics is often referred to as the “geometry of

motion.”

Objects are in motion all around us. Everything from a tennis match to a space-
probe flyby of the planet Neptune involves motion. When you are resting, your heart
moves blood through your veins. Even in inanimate objects there is continuous motion
In the vibrations of atoms and molecules. Interesting questions about motion can arise:
how long will it take for a space probe to travel to Mars? Where will a football land if

thrown at a certain angle? An understanding of motion, however, is also key to
20



understanding other concepts in physics. An understanding of acceleration, for

example, is crucial to the study of force.

To describe motion, kinematics studies the trajectories of points, lines and other
geometric objects, as well as their differential properties (such as velocity and
acceleration). Kinematics is used in astrophysics to describe the motion of celestial
bodies and systems; and in mechanical engineering, robotics and biomechanics to
describe the motion of systems composed of joined parts (such as an engine, a robotic

arm, or the skeleton of the human body).

A formal study of physics begins with kinematics. The word “kinematics” comes
from a Greek word “kinesis” meaning motion, and is related to other English words
such as “cinema” (movies) and “kinesiology” (the study of human motion). Kinematic
analysis is the process of measuring the kinematic quantities used to describe motion.
The study of kinematics can be abstracted into purely mathematical expressions, which
can be used to calculate various aspects of motion such as velocity, acceleration,

displacement, time, and trajectory.

PHYSIC

PROJECTILE MOTION m

Adobe Stock | #502882275

Fig. 1. Projectile motion

(From https://stock.adobe.com/ua/search?k=kinematics&asset _id=502882275)
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Kinematics of a particle trajectory: Kinematic equations can be used to
calculate the trajectory of particles or objects. The physical quantities relevant to the

motion of a particle include: mass m, position r, velocity v, acceleration a.

In order to describe the motion of an object, you must first describe its position
— where it is at any particular time. More precisely, you need to specify its position
relative to a convenient reference frame. Earth is often used as a reference frame, and
we often describe the position of objects related to its position to or from Earth.

Mathematically, the position of an object is generally represented by the variable x.
Frames of Reference

There are two choices you have to make in order to define a position variable x.
You have to decide where to put x = 0 and which direction will be positive. This is
referred to as choosing a coordinate system, or choosing a frame of reference. As long

as you are consistent, any frame is equally valid.
Displacement

Displacement is the change in position of an object relative to its reference frame.
For example, if a car moves from a house to a grocery store, its displacement is the
relative distance of the grocery store to the reference frame, or the house. The word
“displacement” implies that an object has moved or has been displaced. Displacement

Is the change in position of an object and can be represented mathematically as follows:
AX=Xr—xo0 (1)

where AX is displacement, xtis the final position, and Xo is the initial position.
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Key Points

« To describe motion, kinematics studies the trajectories of points, lines and

other geometric objects.

. The study of kinematics can be abstracted into purely mathematical

expressions.

« Kinematic equations can be used to calculate various aspects of motion such

as velocity, acceleration, displacement, and time.

o Choosing a frame of reference requires deciding where the object’s initial

position is and which direction will be considered positive.

. Valid frames of reference can differ from each other by moving relative to one

another.

« Frames of reference are particularly important when describing an object’s

displacement.

« Displacement is the change in position of an object relative to its reference

frame.
« A vector is any quantity that has magnitude and direction.
« A scalar is any quantity that has magnitude but no direction.
« Displacement and velocity are vectors, whereas distance and speed are scalars.

(From https://phys.libretexts.org/Bookshelves/University Physics/)

Vocabulary
kinematics [ kino matiks] KiIHEMaTHKa
a space-probe flyby MPOJIIT KOCMIYHOTO 30H]1a
vein [vein] BCHA
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Inanimate object [1'nan.r.mat pbd3ikt]
a space probe

at a certain angle
acceleration [ok sel.a'rer. [on]
crucial [ 'kru:f1]

trajectory [tro'dzek.tor.i]
displacement

equation [1'kwer.3an]
convenient [kon'vi:niont]
reference frame

variable ['vea.ri.a.bl]
consistent

valid

magnitude [ 'maeg.nr.tju:d]

HEKUBUU NPEAMET
KOCMIYHUH 30H]
M17]] IEBHUM KYTOM
MPUCKOPEHHS
BUPIIIAJIBHUNA
TPaEKTOPIs
nepeMIIeHHS
PIBHSIHHS

3py4YHHUN

cUcTeMa BIIIKY
3MIHHA
[MOCJIIIOBHUA M
JIACHUH

BCIIMYHNHA

Exercise 1. Answer the following questions

1. What is kinematics? 2. Are objects in motion all around us? Give an example.
3. Is understanding of motion also key to understanding other concepts in physics?
4. An understanding of acceleration is crucial to the study of force, isn’t it? 5. What is
the scope of kinematics? 6. Where is kinematics used? 7. What does the formal study
of physics begin with? 8. Where does the word “kinematics” come from? 9. What is
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kinematic analysis? 10. How can the study of kinematics be abstracted? 11. What can
kinematic equations be used for? 12. What do the physical quantities relevant to the
motion of a particle include? 13. What do you need to do to describe the motion of an
object? 14. What is often used as a reference frame? 15. How is the position of an object
generally represented? 16. What is referred as choosing a frame of reference? 17. When
Is any frame equally valid? 18. What is displacement? Give example. 19. How can
displacement be represented? 20. What can you say about valid frames of reference?

21. How is vector different from a scalar? 22. What are displacement and velocity?

Exercise 2. Find the English equivalents in the text. Use them in your own

sentences

ramy3b KIACHYHOI MEXaHIKH, «TE€OMETpisi PyXy», YacTO 3TaayeThCs BCIOIU
HABKOJIO HAC, PyXaTH KpPOB Yy BallUX BCHAX, KUHYTY IiJ TMEBHUM KyTOM, MaTH
BUpIIIAJIbHE 3HAYCHHS JIJI1 BUBUCHHS CUJIH, JIJISI BUBYCHHS TPAEKTOPIM TOYOK , JIiHIT Ta
1HIIT TeoMeTpU4Hi1 00'€KTH; OMHCYBAaTH PyX HEOECHUX TUI 1 CUCTEM; CHUCTEMH, IO
CKJIQJAOThCA 13 3’€JHAHUX YacTHH, (OpMallbHe BHUBYCHHS (I3UKH, TIPOIEC
BUMIPIOBaHHS KIHEMAaTHYHUX BEJIMYMH, KIHE310JI0T1s, ISl PO3PaXyHKY PI3HUX acCIeKTIB
pyXy; HIBUIKICTh, IPUCKOPEHHS, MEPEMIIICHHS, Yac 1 TPAEKTOPIisl; IO CTOCYETHCS
GI3MYHUX BEJTUYWH, TOYHIIIE, CUCTEMHU BULTIKY, /Il BABHAYCHHS 3MIHHOI MOJIOKEHHS
X, cCCTeMa KOOPJIMHAT, SIKa OJTHAKOBO J11iiCHa, MO>Ke OyTH Mpe/ICTaBlIeHa MATEMAaTHYHO

TaKUM YHUHOM, ITOYAaTKOBEC ITOJOKCHHA, 6yzu>-${Ka BCJIMYMHA, BSJIMYHMHA Ta HAIIPAMOK.

Exercise 3. Match the sentences

1. Kinematics deals with the concepts a) we will use two concepts that we
have already encountered,

displacement and time
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2. Dynamics deals with

3. Together, kinematics and dynamics
form

4. To describe the motion of an object,

5. Displacement is a vector quantity

6. The displacement is a vector

7. To define the velocity of an object,

8. To describe how the velocity of an
object changes during a given time
interval,

9. The equations of kinematics can be
applied to any moving object,

10.

equation

However, remember that each

11. The motion of two objects may be
interrelated,

12. Graphical techniques are helpful
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b) as long as the acceleration of the
object is constant.

c) contains four variables.

d) so that they share a common
variable.

e) we now introduce the new idea of
acceleration.

f) the effect that forces have on motion.
g) the branch of physics known as
mechanics.

h) for it conveys both a magnitude (the
distance between the initial and final
positions) and a direction.

1) we must be able to specify the
location of the object at all times.

J) that points from an object’s initial
position to its final position and has a
magnitude that equals the shortest
distance between the two positions.

K) in understanding the concepts of
velocity and acceleration.

I) that are needed to describe motion,

without any reference to forces.



Exercise 4. Translate the following sentences into English

1. KinemaTuka — 11¢ MOYaTKOBUM PO3J1I MEXaHIKH, B IKOMY BCTaHOBIIFOIOThCS
MOHATTS Ta BEIMYHMHH, [0 BU3HAYAIOTh PyX, @ TaKOXK CIOCOOM OMHCY Ta 3arajibHi
CHIBBIIHOUIEHHSI MDK XapaKTepUCTUKaMu pyxy O0e3 aHamizy MNpuyuH, SKi iX
3YMOBJIIOIOTb.

2. IcHyIOTbH pi3HI CIOCOOM OMMCY MOJIOKEHHS 1 pyXy TUla B 00OpaHiid cucTteMi
BIUTIKY — BEKTOPHHMI, KOOpJMHATHUWA Ta MNPUPOJHIA — 1 BIAMNOBIZHUN HaAOIp
KiHEMaTUYHUX BEJIMYUH, SIK1 JJIS1 IIbOTO BUKOPUCTOBYIOTHCSI.

3. Teepni Tina, IO PyXarOThCs, HE 3aBXKIU MOXHA BBAXKATH MaTeplalbHUMHU
ToukaMu. lle cTocyeThcs, HaANpUKIad, PyXOMHUX JeTajlie Ta BY3JiB MEXaHI3MIB 1
MaIlIHH.

4. Pyx TBepAMX TLI MOXHA TOAUIMTA Ha JEKUIbKAa pI3HOBUAIB: 1)
NocTynajibHUM pyx; 2) oOepTaHHs HaBKOJO HEpyxoMoi oci; 3) miockuil pyx; 4)
o0epTaHHs HAaBKOJIO HEPYXOMOI TOUKH; 5) BUIBHHUHA PYX.

5. JluHamika — po3qil  MEXaHIKM, B  SKOMY XapakTep  pyxXy  Tuia
BCTaHOBITIOIOTHCS Yepe3 aHaji3 MPUYUH, [0 HOTO 3yMOBIIOIOTh.

6. OCHOBY IMHAMIKH CKJIQJIAlOTh TPH 3aKOHU HbIOTOHA, KOTPi € y3arajJbHCHHSIM
pe3ybTaTIB  CIOCTEPEkKEHb 1 CHEliaJbHO TIOCTABJICHUX CKCIIEPUMEHTIB 1 He
BUBOJIATHCS 3 SIKUXOCH OLIBII MPOCTUX MTPUHIIMITIB.

7. Ha BigmiHy Big pemtd (Hi3UYHUX BEJIUYUH, ICHYIOTHh Pi3HI (JOPMH EHEprii:
MexXaHIYHa, BHYTPIIIHSA (TEIJI0BA), €ICKTPOMArHiTHa, s/IepHa, TOIIIO.

8. Emnepris Mae 37aTHICTh IEPETBOPIOBATHUCS 3 OAHUX (OPM Ha 1HIII, TPHUIOMY
3aBXKIM TaK, IO 3arajlbHa KUIBKICTh €HEprii y Oyab-sKii 3aMKHEHIA Ccuctemi
JUIIAETHCS HE3MIHHOIO (3aKOH 30epeKeHHS CHeprii).

9. B kiHemaTtwHIli pyX OMUCYIOTh 5K JIIHIMHAUMH, TaK 1 KyTOBUMH BEJIMUYNHAMHU.
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10. B quHaMiIli TBEpIOTO TiJIa TEX, OKPIM “3BHYaliHMX’ XapaKTePHUCTHK (CHia,
Maca, IMIyJibC), BAKOPUCTOBYIOTh CUCTEMY KYTOBUX JAUHAMIYHUX BEJIUYUH, SIKI

HA3UBAKOTHCA "MoMeHTaMu'".

(From http://physics.zfftt.kpi.ua/mod/book/view.php?id=272 &chapterid=17)

Exercise 5. Read the following interesting piece of information. Share

your opinion with your classmates

Kinematics can be used to predict the future.

While kinematics is a mechanic, it is also used to study physics. In particular,
kinematics can be helpful if you want to make predictions about an object’s motion
before actually watching this motion take place. For example, kinematic equations
could give you enough information to design a machine that moves in the way you want
it to move.

Furthermore, kinematics can be used in ballistics. Ballistics is the study of how
projectiles move through the air. By understanding kinematics, you can predict an

object’s trajectory and how much force it will take to make it to a specific destination.

(https://www.enostech.com/6-interesting-things-to-understand-about-kinematics/)

Speaking

Speak about kinematics.

Speak about kinematics in two dimensions.

Speak about basic concepts of kinematics.

Speak about kinematic constrains.
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Unit 4.

I. Read and translate the text. Learn the new vocabulary

Statics and Forces

Statics, in physics, the subdivision of mechanics that is concerned with the
forces that act on bodies at rest under equilibrium conditions. Its foundations were laid
more than 2,200 years ago by the ancient Greek mathematician Archimedes and others
while studying the force-amplifying properties of simple machines such as the lever
and the axle. The methods and results of the science of statics have proved especially
useful in designing buildings, bridges, and dams, as well as cranes and other similar
mechanical devices. To be able to calculate the dimensions of such structures and
machines, architects and engineers must first determine the forces that act on their
interconnected parts. Statics provides the analytical and graphical procedures needed to

identify and describe these unknown forces.

Statics assumes that the bodies with which it deals are perfectly rigid. It also
holds that the sum of all the forces acting on a body at rest has to be zero (i.e., the forces
involved balance one another) and that there must be no tendency for the forces to turn
the body about any axis. These three conditions are independent of one another, and
their expression in mathematical form comprises the equations of equilibrium. There
are three equations, and so only three unknown forces can be calculated. If more than
three unknown forces exist, it means that there are more components in the structure or
machine than are required to support the applied loads or that there are more restraints
than are needed to keep the body from moving. Such unnecessary components or
restraints are termed redundant (e.g., a table with four legs has one redundant leg) and
the system of forces is said to be statically indeterminate. The number of equations

available in statics is limited because of a neglect of the deformations of loaded bodies,
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a direct consequence of the underlying premise that any solid body under consideration
Is ideally rigid and immutable as to shape and size under all conditions.

So, Statics is a course about forces. At its simplest, a force is a “push or pull,”
but forces come from a variety of sources and occur in many different situations. As
such we need a specialized vocabulary to talk about them. We are also interested in
forces that cause rotation, and we have special terms to describe these too.

Some terms used to describe forces are given below.

Point Forces, also called concentrated forces, are forces that act at a single
point. Examples are the push you give to open a door, the thrust of a rocket engine, or
the pull at the chain suspending a wrecking ball. Point forces are actually an
idealization, because real forces always act over an area and not at a mathematical point.
However, point forces are the easiest type to deal with computationally so we will
usually represent other types of forces as equivalent concentrated forces.

Distributed forces are forces that are spread out over a line, area or volume.
Steam pressure in a boiler and the weight of snow on a roof are examples of forces
distributed over an area. Distributed forces are represented graphically by an array of
force vectors.

Body forces are distributed forces acting over the volume of a body. The most
common body force is the body’s weight, but there are others including buoyancy and
forces caused by electric and magnetic fields.

In many situations, body forces are small in comparison to the other forces acting
on the object, and as such may be neglected. In practice, the decision to neglect forces
must be made on the basis of sound engineering judgment.

Loads are the forces which an object must support in order to perform its
function. Loads can be either static or dynamic, however only static loads will be
considered here. Forces which hold a loaded object in equilibrium or hold parts of an

object together are not considered loads.
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Reaction forces or simply reactions are the forces and moments which hold or
constrain an object or mechanical system in equilibrium. They are called the reactions
because they react when other forces on the system change. If the load on a system
increases, the reaction forces will automatically increase in response to maintain
equilibrium.

Internal forces are forces which hold the parts an object or system together.

As an example of the various types of forces, consider a heavy crate being pulled
by a rope across a rough surface: (a) Pull - Concentrated force, (b) Weight - Body force,
(c) Friction - Distributed force, (d) Normal Force - Distributed force.

The pull of the rope and the weight of the crate are loads. The rope applies a
force at a single point, so is a concentrated force. The force of the ground holding the
crate in equilibrium is a reaction force. This force can be divided into two components:
a tangential friction component which acts parallel to the ground and resists the pull of
the cable, and a normal component which acts perpendicular to the bottom surface and
supports the crate’s weight. The normal and tangential components are distributed
forces since they act over the bottom surface area. The weight is also a distributed force,

but one that acts over the entire crate so it’s considered a body force.

(From https://www.britannica.com/science/statics;

https://engineeringstatics.org/backmatter.html)

Vocabulary
equilibrium piBHOBara

[ ek.wr'lib.ri.om] [ i:.kwi' lb.ri.om]

Archimedes [ a:.kr' mi:.di:z] Apximen
to amplify ['em.plr.fai] MOCHITIOBATH
lever UK ['lii.var] US ]'lev.o] BaXK1JIb
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axle ['xk.sal]

dam [deem]

dimension [ dar'men.fon] [ di'men.fan]

rigid [ 'rid3.1d]
axis ['&k.sis]

restraint [r1'streint]

redundant [r1'dan.dant]

indeterminate [ m.d1't3:.mr.not]

to neglect [n1'glekt]

immutable [1'mju:.ta.bal]

to push [puf]

to pull [pol]

rotation [rou 'ter.fon]

point forces

thrust [Orast]

to suspend [sa'spend]

wrecking [rekim]
distributed forces

an array [o'rei]

BaJl, BEly4Ui MICT
nmamba

BUMID

KOPCTKUU

BICH

0OMEKEHHS
HaJIMIIIKOBUU
HEeBU3HAUYCHUU
HEXTYyBaTHU
HE3MIHHUN
IITOBXaTH
TATHYTH
oOepTaHHS
TOYKOBI CHJIH
TSTa
MPU3YIUHUTH
pyHHIBHUHT
PO3IOIIEHI CHITN

MaCHB
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buoyancy ['bor.an.si] IUTaBYYiCTh

to constrain [kon'strein] OOMEKUTH

a heavy crate BaYKKHH SIIIIHK

a tangential [ten’'dzen.fsl] TaHT€HC; JOTHYHA
friction ['frik.fon] TEpTA

Exercise 1. Answer the following questions

1.What is statics? 2. Who laid the foundations of it? 3. What have the methods
and results of the science of statics proved? 4. What must architects and engineers first
determine to calculate the dimensions of structures and machines? 5. What does statics
assume? 6. What comprises the equations of equilibrium? 7. What does it mean if more
than three unknown forces exist? 8. When is the system of forces said to be statically
indeterminate? 9. Why is the number of equations available in statics limited? 10. What
Is a force at its simplest? 11. Why are we interested in forces? 12. What are Point
Forces? 13. What are distributed forces? 14. What are body forces? 15. What are loads?
16. What are reactions? 17. What can you say about internal forces? 18. The force of
the ground holding the crate in equilibrium is a reaction force, isn’t it? 19. What
components can a concentrated force be divided into? 20. Why are the normal and

tangential components distributed forces? 21. What is weight?

Exercise 2. Find the English equivalents in the text

MiAPO3a1T MEXaHIKH, y CTaHi CIIOKOK, B YMOBaX PIBHOBAard, JaBHBbOT'PEIbKHUI
MaTEeMaTHK, BJIACTUBOCTI IMMOCHJICHHS CHJIM MPOCTUX MAIIMH, BaXUIh 1 BICh, 0COOJIUBO
KOPHCHI, TIO/II0HI MEXaHIYHI MPUCTPOi, BU3HAYNUTH CUJI, B3AEMOIIOB’sA3aHI YaCTHHH,

iieHTU(IKyBaTH Ta ONHWCAaTH, BKJIIOYATH PIBHAHHS pIBHOBArd, IMiATPUMYBaTU
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NPUKIA/ICH] HABAHTAKEHHS, YTPUMYBATU TUIO Bl PyXY, HA3UBA€THCS HAJIUIIKOBHM,
NpSMUM HACJIIIKOM, 1€allbHO KOPCTKMM 1 HE3MIHHUM, <IOIITOBX a0o0 TAra»,
PI3HOMAHITHI JKepella, BUKIMKATH OOepTaHHs, CHEIladbHI TEPMIHU [JIs OIHCY,
TOYKOBI CHJIM, TSTra PAKeTHOIO JBUIYHA; JAHIIOT, IO MIABIIIYE PYHHIBHY KYIIO; Y
MaTEeMaTUYHIN TOYL[l, PO3MOAUICH] CUJIM, TUCK MapH, SKUH MNOTPIOHO MpPeACTaBUTH
rpadiuHO, MaCHB BEKTOPIB CHJI, CUJIU T1J1a, MO>KHA 3HEXTYBATH, HA OCHOBI TPABUIILHOTO
IHKEHEPHOT'0 CYIKEHHs, JUIsl BUKOHaHHS CBO€l (PYHKIi, cHJIM peakuii, 0OMeKEeHHs
00’€KTa, MATPUMYBATH PIBHOBAry, y BIANOBib HA BHYTPIIIHI CHJIM, KOMIIOHEHT

AOTUYHOI'O TCPTA.

Exercise 3. Match the sentences

1. Statics is the gateway a) which may be examined as a unit.

into engineering mechanics, which is the

application of Newtonian physics

2. The subject is called “statics” because b) can be described by a positive or

negative number, or even zero.

3. Scalars are physical quantities that c) it is concerned with particles and rigid
have no associated direction and bodies that are in equilibrium, and these

will usually be stationary, i.e. static.

4. Scalar quantities follow the usual d) to design and analyze objects, systems,
laws of algebra, and most scalar and structures with respect to motion,
quantities deformation, and failure.

5. The primary vector quantity you will ~ e) an object which doesn’t bend, stretch,
encounter in statics will be force, but or twist when forces are applied to it.

6. A body is an object, possibly made up f) velocity’s time rate of change and is a

of many parts, vector quantity.
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7. A rigid body is a body that doesn’t
deform under load, that is to say,

8. A body in equilibrium is not
accelerating. As you learned in physics,
acceleration is

9. A properly designed structure must

safely support

10. Inasuccessful design, the shape,

size, and material

11. A centroid is the geometric center of
a geometric object:

12. Distributed loads are forces which
are spread out over a length, area, or
volume. Most real-world loads are

distributed, including

g) moment and position are also
important vectors.

h) all expected external loads, including
dead

earthquake loads.

live loads, loads, wind and
1) the weight of building materials and
the force of wind, water, or earth pushing
on a surface.

j) a one-dimensional curve, a two-
dimensional area or a three-dimensional
volume.

K) must all be carefully chosen to limit
them to safe values.

) have units. Mass, time, temperature,

and length are all scalars.

Exercise 4. Translate the following sentences into English

1. CraTuka — po3/iJ TEOPETHUHOT MEXaHIKH, B SKOMY BUKJIaJIal0ThCS 3aralibHi
B1JIOMOCTI ITPO CHJIM Ta BCTAHOBJIIOIOTHCS YMOBH PIBHOBArd MaTepiaibHUX T ITLT A1€10
PI3HUX CHCTEM CHJI.

2. Ilin piBHOBarow TiJa PO3YyMIIOTh HOTO CTaH BIIHOCHOTO CIIOKOK abo
PIBHOMIPHOTO MPSAMOJIHIHHOTO PyXy. YMOBH PIBHOBard iCTOTHO 3aJieXaTh BiJ TOTO,
AKe 1€ TUTO — TBEepJe, piake abo razonoaioHe.

3. OJIHHMM 3 OCHOBHHX ITOHSTH Y CTATHIIl € IIOHITTS TIPO CHITY.
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4. Cwia y MeXaHill € KUIbKICHOK MIPOK MEXaHIYHO1 B3a€EMOJIIi OJTHOTO TLia 3
THIITAM.

5. 3a crnocTepexxeHHSIMU Cuia, IO JI€ Ha TL10, € BEKTOPHOIO BEJIMYHUHOIO, sIKa
XapaKTepu3yeTbcs TpboMa mapaMmerpamu: moaynem F p (abo F), miniero aii (AB) it
TOYKOIO MPUKIATAHHSA — A.

6. CyKynHICTb KUIBKOX CHJI, IO JIIIOTh HA TUI0, HA3UBAETHCA CUCTEMOIO CHJL.

7. JIBi cuim, 10 JIIOTh Ha BUIbHE aOCOJIIOTHO TBEPJE TLIO, 3pIBHOBAXKYIOTHCS
TO/A1 1 TUITBKUA TOJ1, KOJU BOHHM OJHAKOBI 3a MOJYJIEM 1 CIPSMOBaHI B3JIOBX OJIHIET
IPsIMOT y MPOTUJICKHUX HAIpsIMaX.

8. Bce Te, mo obMexye mepeMillleHHs] JaHOTO Ti1a B IPOCTOPI, SBIISIE COOOIO
B’SI31.

9. Cwin, 3 IKUMU B’s131 JIIOTh HA T1J10, HA3UBAIOTHCS PEAKIIISIMU B’ SI3€H.

10. ko TimO MWig Ai€I0 TPHOX HEMapajelbHUX CHII, IO JeXaTh B OJHIN

IJIOIIMHI, IepeOyBa€e B pIBHOBA31, TO JIiHI1 i1 [IUX CHJI MEPETUHAIOTHCS B OJHIN TOYIII.

(From https://www.dstu.dp.ua/Portal/Data/1/5/1-5-b8.pdf)

Exercise 5. Read the following interesting piece of information. Share

your opinion with your classmates

Earth's gravity keeps the Moon in orbit around the planet. Gravitational
pull varies from planet to planet in the solar system depending on their size. For
example, Jupiter's gravitational pull is two and a half times greater than Earth's! It
means that the gravitational force exerted by Jupiter on an object at its surface is 2.4
times stronger than the gravitational force exerted by Earth on an object at its surface.
However, the reason we are not pulled into Jupiter's orbit despite its stronger gravity is
because the effect of gravity depends not only on the strength of the gravitational force

but also on the distance between the objects and their masses.
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(https://www.quora.com/If-Jupiters-gravity-is-2-4-times-that-of-the-Earth-why-

arent-we-pulled-into-Jupiters-orbit)

Speaking

e Speak about Statics.
e Speak about Forces and other Vectors.

e Speak about Rigid Body Equilibrium.

Unit 5.
I. Read and translate the text. Learn the new vocabulary
Energy of a system

The definitions of quantities such as position, velocity, acceleration, and force
and associated principles such as Newton’s second law have allowed us to solve a
variety of problems. Some problems that could theoretically be solved with Newton’s
laws, however, are very difficult in practice, but they can be made much simpler with
a different approach. This new approach, which will include definitions of quantities
that may not be familiar to you. Other quantities may sound familiar, but they may have
more specific meanings in physics than in everyday life. We begin this discussion by
exploring the notion of energy. The concept of energy is one of the most important
topics in science and engineering. In everyday life, we think of energy in terms of fuel
for transportation and heating, electricity for lights and appliances, and foods for
consumption. These ideas, however, do not truly define energy. They merely tell us that
fuels are needed to do a job and that those fuels provide us with something we call
energy. Energy is present in the Universe in various forms. Every physical process that
occurs in the Universe involves energy and energy transfers or transformations.
Unfortunately, despite its extreme importance, energy cannot be easily defined.
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Although we have experiences with energy, such as running out of gasoline or losing

our electrical service following a violent storm, the notion of energy is more abstract.

The concept of energy can be applied to mechanical systems without resorting to
Newton’s laws. Furthermore, the energy approach allows us to understand thermal and
electrical phenomena. We begin our new approach by focusing our attention on a new

simplification model, a system, and analysis models based on the model of a system.

In the system model, we focus our attention on a small portion of the Universe—
the system—and ignore details of the rest of the Universe outside of the system. A
critical skill in applying the system model to problems is identifying the system. A valid

system
» may be a single object or particle
» may be a collection of objects or particles

 may be a region of space (such as the interior of an automobile engine

combustion cylinder)

* may vary with time in size and shape (such as a rubber ball, which deforms
upon striking a wall. Identifying the particular system is a second part of this step. No
matter what the particular system is in a given problem, we identify a system boundary,
an imaginary surface (not necessarily coinciding with a physical surface) that divides
the Universe into the system and the environment surrounding the system. As an
example, imagine a force applied to an object in empty space. We can define the object
as the system and its surface as the system boundary. The force applied to it is an
influence on the system from the environment that acts across the system boundary.
The system can also be defined as the combination of the ball, the block, and the cord.
The influence from the environment includes the gravitational forces on the ball and

the block, the normal and friction forces on the block, and the force exerted by the
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pulley on the cord. The forces exerted by the cord on the ball and the block are internal
to the system and therefore are not included as an influence from the environment.
There are a number of mechanisms by which a system can be influenced by its

environment. The first one we shall investigate is work.

Work is a scalar; there is no direction associated with it. All types of energy and
energy transfer are scalars. This fact is a major advantage of the energy approach

because we don’t need vector calculations!

(From Physics for Scientists and Engineers with Modern Physics, Raymond A.
Serway, John W.Jewett Jr., pp.177-178)

Vocabulary
velocity [va'lps.a.ti] IIBUAKICTD
acceleration [ok sel.a'rer.fon] PUCKOPEHHSI
approach [o'praut(] iaxi
to be familiar to [fo'mil.i.or] OyTH 3HalOMUM
fuel [ fju:.al] najbHe
consumption [kon'samp.fan] CIIOYKHUBAHHS
the Universe ['ju:.n1.v3:s] BCECBIT
define [dr'fain] BU3HAYUTHU
gasoline ['ges.al.i:n] OeH3UH
valid ['veel.1d] TiACHUHN
combustion [kam 'bas.tfan] TOpiHHS
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a system boundary [ 'sis.tom 'bavn.dar.i] Mexa cuctemu

cord [ko:d] IHYyp

friction force [ 'frik.fon fo:s] CUJIa TepPTS
investigate [in'ves.tr.geit] pO3CIiayBaTh
scalar ['sker.lor] CKaJISIP; CKAJISIPHUN

Exercise 1. Answer the following questions

1. What are the definitions of quantities associated with? 2. What do they allow us
to solve? 3. What problems are very difficult in practice? 4. What will the new approach
include? 5. May other quantities sound familiar? 6. What can you say about the concept
of energy? 7. How do we think of energy in everyday life? 8. Do these ideas truly define
energy? What do they tell us? 9. Energy is present in the Universe in various forms,
isn’t it? 10. What does every physical process involve? 11. Energy cannot be easily
defined, can it? 12. What experiences connected with energy do we have? 13. How can
the concept of energy be applied to mechanical systems? 14. How do we begin our new
approach? 15. Do we take into consideration or ignore details of the rest of the Universe
outside of the system? 16. Is identifying the system a critical skill in applying the system
model to problems? 17. What can be said of a valid system? 18. Is identifying the
particular system a second part of this step? 19. How do we identify a system boundary?
20. How can we define the object? 21. What is the force applied to it? 22. How can the
system also be defined? 23. There are a number of mechanisms by which a system can
be influenced by its environment, aren’t there? 24. What is work? 25. Why is this work

a major advantage?
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Exercise 2. Find the English equivalents in the text. Use them in your own

sentences

BU3HAYEHHS BEJIMYMH, WIBUJKOCTI, MPUCKOPEeHHS Ta cuiu; [pyruii 3akoH
HproToHa, BUpIIUTH PI3HOMAHITHI OpOOIEMHU, HITUN MIAX1J, TaJIUBO, CIIOKHUBAHHS,
MEXaHIYHI CHUCTEMH, JiiicHa cuctema, Habip 00’ekTiB ab0 YaCTUHOK, UWJIIHIP
BHYTPIIIHBOTO 3rOPSIHHSI aBTOMOOUTBHOTO JIBUTYHA, MEXKa CUCTEMH; CUJIa, MPUKIIaIeHa

10 Hel; IIHYp, CWJIM TSKIHHS, IIKIB, CKaJisp, TOJOBHA IMepeBara, Miaxid, BEKTOPHI

00YMCJIIEHHS.
Exercise 3. Match the sentences

1. As an example of the distinction
between the definition of work and our
everyday understanding of the word,

2. At the end of this time interval, your
tired arms may lead you to think

3. According to our definition, however,
you have done no work on it whatsoever.
You exert a force to support the chair,

4. A force does no work on an object

5. We can calculate the work done by a
force on an object,

6. For example, if you lift an object,
(negative) work is done on the object by

the gravitational force,
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a)can be described as a transfer of

energy across the system boundary.

b)if the force does not move through a
displacement.
c) although gravity is not the cause of

the object moving upward!

d)you have done a considerable amount

of work on the chair.

e) is that the system changes its speed.

f) that work is an energy transfer.



7. An important consideration for a
system approach to problems is
8.1f a

environment, this interaction

system interacts with its

9. One possible result of doing work on a

g) but you do not move it.

h)is a scalar quantity and has the same
units as work.

1) but that force is not necessarily the

system cause of the object’s displacement.

10. Kinetic energy represents the ) consider holding a heavy chair at

energy associated with the motion of the  arm’s length for 3 min.

particle. Note that kinetic energy

Exercise 4. Translate the following sentences into English

1. Enepris — ue ckansipHa (i3MuHa BEJIMYMHA KA € MIPOI0 PiI3HUX HOpPM pyXy
MaTepii Ta € XapaKTepUCTHUKOI0 CTaHy CHUCTeMH (TuU1a) 1 BU3HA4Ya€ MaKCHUMAJIbHY
po0OTY, KOTpY MOe BUKOHATH TLIO (CUCTEMA).

2. Tina BOJOMIIOTH €HEPri€l0: KIHETUYHOIO EHEPri€l0 — BHACTIIOK PYyXy
MAaCHBHOTO TiJIa; MOTEHIIAJIBHOK €HEPTi€r0 — BHACHIIOK B3a€MO/IIT 3 IHIIUMU TiIaMH,
HOJISIMHU;  TCIUIOBOIO (BHYTPIIIHBOIO) EHEPri€lo — BHACTIZOK XAOTHYHOTO PyXy i
B32€EMO/II1 CBOiX MOJIEKYJI, aTOMIB, €JIEKTPOHIB.

3. [loBHY MeXaHIYHY €HEPril0 CKJIAJal0Th KIHETUYHA Ta MOTCHIIaJIbHA CHEPT 1.

4. KiHeTM4yHa EHEpris MAacHBHOTO TuTa M, SKE PYXAEThCA MOCTYMAIBHO 31
IIBUIKICTIO V ITYKAIOTh 3a popMyioro: B, = K = mv?/2

5. [oTeHIiaIbHOIO HA3UBAIOTh YaCTHHY MEXaHIYHOI €HEprii, sKa 3aJeKUTh BiJl
B32EMHOTO PO3TAIIYBaHHS TUT y CUCTEMI Ta X MOJ0KEHHS B 30BHIITHBOMY CHIIOBOMY
TOJTI.

6. B crani piBHOBaru nmoTeHIliabHa €HEPrisi Ha0yBa€e MIHIMAIBHOTO 3HAYCHHS.

7. MexaHi4Ha eHeprisi KOHCEPBATUBHOI CUCTEMH T 3aJIUIIAETHCS MTOCTIMHOIO B
npoieci pyxy cuctemu: E = K + IT = const
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8. Slkmo cuctema B3a€MOMIIOYMX TiJ 3aMKHYTa ajié HEKOHCEPBAaTHWBHA, TO ii
MeXaHIuHa €Hepris He 30epiraeThcsl.

9. SIkmo cucrema B3a€MOJIIOYUX T HE3aMKHYTa Ta HEKOHCEpBATHBHA, TO il
MEXaHI4Ha eHepris He 30epiraeThes.

10. 3MiHa MeXaHIYHOI €Heprii TaKOi CUCTEMU AOPIBHIOE CYMapHid poOoTi

BHYTPILIHIX Ta 30BHINIHIX HEMOTEHUIAJIbHUX CHII.

(From https://dobrafiz.blogspot.com/2017/11/blog-post_14.html)

Exercise 5. Read the following interesting piece of information. Share

your opinion with your classmates

The word *energy" is derived from ancient Greece

'Energy’ may be a staple in 21st century dictionaries but the term is derived from
the Greek word 'energeia’ which was created by Aristotle in 384 BC. While it has no
direct translation in English, linguistic experts say the world ‘energeia’ describes a "state

of being at work."

A single wind turbine can power 1400 homes

Wind turbines are lauded as an energy source of the future, with the enormous
wings of a 2.5MW turbine generating enough electricity to power 1400 homes. This is
enough to boil hundreds of thousands of kettles and make 230 million cups of tea, or

power a household computer for more than 2000 years.

The UK is currently powered by more than 10,000 wind turbines with a total
capacity of 22 gigawatts. This makes the country one of the largest producers of wind
power in the world. Many of Britain's turbines are built in China, where factories

manufacture around two wind turbines every hour.

10 Google searches can power a 60-watt lightbulb
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Google processes around 3.5 billion searches per day, or around 40,000 every
second. While it takes a matter of seconds to type a query and press enter, conducting

10 Google searches chews through enough energy to power a 60-watt lightbulb.

(From https://www.valdaenergy.com/blogs/8-fun-energy-facts)

Speaking

e Speak about work, energy and power.
e What are examples of energy systems?

e What are the main 5 types of energy found in systems?

Unit 6.
I. Read and translate the text. Learn the new vocabulary
The Nature of Heat

Heat, energy that is transferred from one body to another as the result of a
difference in temperature. If two bodies at different temperatures are brought together,
energy is transferred—i.e., heat flows—from the hotter body to the colder. The effect
of this transfer of energy usually, but not always, is an increase in the temperature of
the colder body and a decrease in the temperature of the hotter body. A substance may
absorb heat without an increase in temperature by changing from one physical state
(or phase) to another, as from a solid to a liquid (melting), from a solid to a vapour
(sublimation), from a liquid to a vapour (boiling), or from one solid form to another
(usually called a crystalline transition). The important distinction between heat and
temperature (heat being a form of energy and temperature a measure of the amount of
that energy present in a body) was clarified during the 18th and 19th centuries.

Heat as a form of energy
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Because all of the many forms of energy, including heat, can be converted
into work, amounts of energy are expressed in units of work, such as joules, foot-
pounds, kilowatt-hours, or calories. Exact relationships exist between the amounts of
heat added to or removed from a body and the magnitude of the effects on the state of
the body. The two units of heat most commonly used are the calorie and the British
thermal unit (BTU). The calorie (or gram-calorie) is the amount of energy required to
raise the temperature of one gram of water from 14.5 to 15.5 °C; the BTU is the amount
of energy required to raise the temperature of one pound of water from 63 to 64 °F. One
BTU is approximately 252 calories. Both definitions specify that the temperature
changes are to be measured at a constant pressure of one atmosphere, because the
amounts of energy involved depend in part on pressure. The calorie used in measuring
the energy content of foods is the large calorie, or kilogram-calorie, equal to 1,000

gram-calories.

In general, the amount of energy required to raise a unit mass of a substance
through a specified temperature interval is called the heat capacity, or the specific heat,
of that substance. The quantity of energy necessary to raise the temperature of a body
one degree varies depending upon the restraints imposed. If heat is added to
a gas confined at constant volume, the amount of heat needed to cause a one-degree
temperature rise is less than if the heat is added to the same gas free to expand (as in a
cylinder fitted with a movable piston) and so do work. In the first case, all the energy
goes into raising the temperature of the gas, but in the second case, the energy not only
contributes to the temperature increase of the gas but also provides the energy necessary
for the work done by the gas on the piston. Consequently, the specific heat of a
substance depends on these conditions. The most commonly determined specific heats
are the specific heat at constant volume and the specific heat at constant pressure. The
heat capacities of many solid elements were shown to be closely related to their atomic

weights by the French scientists Pierre-Louis Dulong and Alexis-Thérese Petit in 1819.
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The so-called law of Dulong and Petit was useful in determining the atomic weights of
certain metallic elements, but there are many exceptions to it; the deviations were later

found to be explainable on the basis of quantum mechanics.

It is incorrect to speak of the heat in a body, because heat is restricted to energy
being transferred. Energy stored in a body is not heat (nor is it work, as work is also
energy in transit). It is customary, however, to speak of sensible and latent heat. The
latent heat, also called the heat of vaporization, is the amount of energy necessary to
change a liquid to a vapour at constant temperature and pressure. The energy required
to melt a solid to a liquid is called the heat of fusion, and the heat of sublimation is the
energy necessary to change a solid directly to a vapour, these changes also taking place

under conditions of constant temperature and pressure.

Air is a mixture of gases and water vapour, and it is possible for the water present
in the air to change phase; i.e., it may become liquid (rain) or solid (snow). To
distinguish between the energy associated with the phase change (the latent heat) and
the energy required for a temperature change, the concept of sensible heat was
introduced. In a mixture of water vapour and air, the sensible heat is the energy
necessary to produce a particular temperature change excluding any energy required

for a phase change.
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The transfer of heat

RADIATION
The sun heats

the ground COMVECTION

The warm air
rises

.|
t ot

CONDUCTION
The ground heats the abr

Fig.1. The transfer of heat

(From https://www.techtarget.com//whatis/definition/heat)

Heat transfer

Because heat isenergy in transition, some discussion of the mechanisms
involved is pertinent. There are three modes of heat transfer, which can be described as
(1) the transfer of heat by conduction in solids or fluids at rest, (2) the transfer of heat
by convection in liquids or gases in a state of motion, combining conduction
with fluid flow, and (3) the transfer of heat by radiation, which takes place with no
material carrier. The flow of heat in metal bars was studied analytically by the French
mathematician Jean-Baptiste-Joseph ~ Fourierand measured by the French
physicist Jean-Baptiste Biot in 1816. The conductivity of water was first determined in
1839; the conductivity of gases was not measured until after 1860. Biot formulated the
laws of conduction in 1804, and Fourier published a mathematical description of this
phenomenon in 1822. In 1803 it was found that infrared rays are reflected and refracted
as visible light is, and, thenceforth, the study of thermal radiation became part of the
study of radiation in general. In 1859 a physicist in Germany, Gustav Robert Kirchhoff,
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presented his law of radiation, relating emissive power to absorptivity. An
Austrian, Josef Stefan, established the relationship (now called the Stefan-Boltzmann
law) between the energy radiated by a blackbody and the fourth power of
its temperature. Ludwig Boltzmann established the mathematical basis for this law of
radiation in 1884. It was in the study of radiation that Max Planck arrived at
the concept of the quantum. Understanding of heat transfer by convection was
developed during the period 1880-1920, although an equation describing such

processes had been suggested by Sir Isaac Newton in 1701.

(From https://www.britannica.com/science/heat)

Vocabulary
an increase [in'kri:s] 30UIBIICHHS
a decrease [d1'kri:s] UK 3MEHIIIEHHS
['di:.kri:s]
a solid TBEpJla pEUOBUHA
a liquid [ lik.wid] pinuHa
a vapour ['ver.par] napa
a crystalline ['kris.tal.amn] KPUCTATIYHHH
joule (J) [dzu:l] JOKOYITh
thermal [ 03:.moal] TEIIOBI
to specify [ 'spes.1.fai] BKa3aTH
a substance [ 'sab.stons] pedyoBHHA
heat capacity [hi:t] TEMIOEMHICTD
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a restraint [r1'streint]

BUTPUMKA, 0OMEKyBay

to impose [1m'pavz] HaKJIagaTH
confined to [kon'farnd] oOMeKeHU I
to expand [1k'spaend] PO3LINPIOBATH
piston [ 'pis.tan] HOPIICHD
consequently ['kon.sr.kwoant.li] OTXKE

volume ['vol.ju:m] obcsr
pressure [ pref.ar] THUCK

to determine [d1't3:.min] BU3HAYUTH
deviation [ di:.vi'er.fan] BIXUJICHHS

to be restricted to

OyTH 0OMEKEHUM

sensible ['sen.sa.bal] PO3YMHHMIA
pertinent ['ps:.tr.nant] JOPEUHUI
convection [kan'vek.[an] KOHBEKIIist
conductivity [ kon.dak'tiv.a.ti] IIPOBITHICTh
thenceforth [ dens'5:0] BIATOMI

Exercise 1. Answer the following questions

1. What is heat? 2. What happens if two bodies at different temperatures are

brought together? 3. What is the effect of this transfer of energy? 4. May a substance
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absorb heat without an increase in temperature? 5. What is the important distinction
between heat and temperature? 6. Can heat be converted into work? 7. What are
the calorie and the British thermal unit (BTU)? 8. What is called the heat capacity?
9. What does the quantity of energy necessary to raise the temperature of a body one
degree vary on? 10. What are the most commonly determined specific heats? 11. What
was the so-called law of Dulong and Petit useful in? 12. Is it incorrect to speak of the
heat in a body? Why? 13. What is the latent heat? 14. What is called the heat of fusion?
15. What is the heat of sublimation? 16. Why was the concept of sensible heat
introduced? 17. How many models of heat transfer are there? Describe them? 18. What
was studied by the French mathematician Jean-Baptiste-Joseph Fourier and measured
by the French physicist Jean-Baptiste Biot in 1816? 19. When was the conductivity of
water first determined? 20. What was found in 1803? 21. What deiscoveried were made

in the 19" century related to heat?

Exercise 2. Find the English equivalents in the text

PI3HHIISI B TEMIIEpaTypi, TEIUIOBI MOTOKH, ITJIBUIICHHS TEMIICPATYPH, IIITXOM
Hepexo.1y 3 OHOTo arperaTHoro crany (abo ¢asu) B iHIIUH, 3 TBEPAOTO TijIa B PIIUHY
(maBneHHs), 3 TBepAOro Tiuta B mapy (cyOsimariis), 3 piauHu A0 napu (KHITIHHA),
BaKJIMBA BIAMIHHICTB, (pOpMa €HEPrii, IKy MOKHA MEPETBOPUTH HA POOOTY; BEIHMYMHA
e(eKTiB, MIABUIIUTH TEMIIEPATYPY, 3aJJaHU TEMITIEpATyPHUI IHTEPBaJI, TETUIOEMHICTD,
CIIPHUSATH TEMIIEpaTypi, 3aJeKaTH 3a IUX yMOB, OyTH TICHO TOB’S3aHUMH 3 IXHIMH
ATOMHUMH Baramu, TICBH1 METAJICB1 €JIEMEHTH, OyTH MTOSICHEHIMH Ha OCHOB1 KBAaHTOBOT
MEXaHIKH, TOBOPUTH NIPO BIIYyTHE Ta NMPUXOBAHE TEIUIO, IJIABUTH TBEPJE TLIO B
pimuHY, TETUIOTa TUIABJICHHS, 32 YMOB MOCTIHHOT TEMIIEpAaTypy Ta TUCKY, CTBOPIOBATH
NEBHY TEMIIEpaTypy, 3MiHU (a3, pexuMHU TEIUIOOOMIHY, MOTIK PIAMHM, IO MIAJATAE
BUMIPIOBAaHHIO, 3aKOHHM IIPOBITHOCTI, BHBYCHHS TEIUIOBOTO BHUIIPOMIHIOBAHHS,

MOTJIMHAHHS, IPUATH IO TIOHATTS KBAHTA, 3alPOTIOHYBATH PIBHSHHS.
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Exercise 3. Match the sentences

1. Heat is the transfer of thermal energy a) when two systems are in direct

from one physical system to another contact and the temperature of one

system or

2. A system, in such an instance, might
be a mug of coffee, room full of air,
cast-iron frying pan, mountain lake,

piece of scrap metal, or

3. Thermal energy tends to move from
an object or region with a higher

temperature

4. Heat plays a critical role in the lives

of humans and other organisms

5. For humans, heat helps in preparing

foods, warming homes

6. Heat generated by sunlight helps

plants

7. Temperature is the measure of the
average kinetic energy of a

system's atomic particles,
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system is higher than the temperature of
the other.

b) - all of which are systems.

c) and manufacturing goods.

d) when

or gas carries thermal energy from a

the motion of a liquid
warmer region within a system to a cooler
region.

e) whereas heat is concerned with the
transfer of thermal energy, which results
from the kinetic energy generated by
moving particles.

f) or British thermal units (BTU).

g) to one with a lower temperature.


https://www.techtarget.com/whatis/definition/gas
https://www.techtarget.com/searchcio/definition/atom

8. Temperatures can be measured h) by the formula J = kg-m?®-s?
where kg is kilograms and s is seconds.

9. Heat can be measured in joules (J), 1) in Fahrenheit, Celsius or Kelvin.

calories (cal)

10. A joule can also be expressed J) to mature and develop fruit, and heat

also helps to shape local and global

weather patterns.

11. Heat by conduction takes place k) from one region in a physical system
to another region.

12. Heat by convection occurs [) any number of other physical objects
or substances, including an energy source

such as a campfire or the sun.

Exercise 4. Translate the following sentences into English

1. [Tepenaua Tera abo TemIo0OMiH (TerIonepeaada) — e MpoIec MOMUPEHHS
BHYTPIITHBOI €Heprii B MPOCTOP1 3 PI3HUMHU TEMIIEpaTypaMHu.

2. TermonpoBiAHICTh — 1€ 3/IaTHICTh PEYOBHH 1 TUI IPOBOAUTH €HEPTitO (TEILIO)
BiJl YaCTHUH 3 BUCOKOIO TEMIIEPATYPOIO 10 YACTHH 3 HU3BKOIO.

3. Taka 37aTHICTH ICHYE BHACHIIOK pyXy 4YacTUHOK. EHepris Moxe
nepeaaBaTics MDK TilaMu 1 BcepeauHi ogHoro Tina. HarpiBaroum B monaym’i onuH
KIHEI[b [BSXa, MM PU3UKYEMO OOIEKTHCS 00 THIITUN HOT0 KiHEIlb, 110 HE 3HAXOAUTHCS
B MMOJIyM 1.

4. Ha moyaTKy pO3BUTKY HAayK{ MPO BIACTUBOCTI T1J1 1 PEUOBUH BBAXKAJIOCH, 110
TEIUIO TIePEAEThCS MIJITXOM MEPETIKaHHA SKOTOCh eleMeHTa MK Timamu. [li3uime, 3
PO3BUTKOM (Di3WKH, TEIJIOMPOBIAHICT, OTpUMAaja TOSCHEHHS B3a€EMOJIEI0 YaCTUHOK

PEYOBUHH.
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5. TenmonpoBigHICTE — I1€ BIIACTUBICTh MaTepiaiiB MepeaaBaTH yepes CBiii 00’ eM
MOTIK TeIIa HUISXOM OOMIHY €HEPri€l0 pyXy YaCTHHOK.

6. KonBekilis — 1 IIEPEHECCHHS TeIUla, IO 3IIMCHIOETHCS HUIIXOM
NEePEeMIIIEHHSIM HEpPIBHOMIPHO MPOTPITUX AUISHOK cepeaoBuila (rasy, piliHU) B
IPOCTOPI.

7. BunpomiHtoBaHHs (y BUNAJKY TEIJIONPOBIIHOCTI) — LI€ IEPEHECEHHS TEeIUIa B
BaKyyMi a00 ra30BOMY CE€pEIOBHIIL 32 JJOTIOMOI0I0 €JIEKTPOMArHiTHUMHU XBUJISIMHU.

8. Y TBepaux TLIaX TEIUIONPOBIAHICTE € OCHOBHHUM BHJIOM TEIUIOOOMIHY
(Teronepenadi) 1 0e3mocepeHBO 3alieXkHa BiJl IPUPOIA PEUOBUHU, MOTO IILIBHOCTI,
XIMIYHOTO CKJIaay, BOJIOTOCTI, TEMIIEPATYPH.

9. V BakyyMi TeII0 HE MPOBOIUTHCS (MOr0 TEMIOMPOBIAHICTE TOPIBHIOE HYJIIO).
[lepenaua Tema y Bakyymi MOKe BiAOyBaTHCS 3a JOIMOMOIOK) BHUIIPOMIHIOBAHHS.
TakuMm crmocoOoOM TerIo COHILISI TOXOUTh A0 HAIIOI IJIAaHETH.

10. Marepian 3 HalBHILOI TEIUIOMPOBITHICTIO HAa3WBAETbCA TpadeH, SKu

AdKTHUBHO BUKOPUCTOBYETHCA B HaHOCHCKTPOHiHi.

(From https://naukozavr .info/fizuka/teploobmin-teploperedachay)

Exercise 5. Read the following interesting piece of information. Share

your opinion with your classmates

« A substance containing more heat does not always mean that its temperature
Is also high.

« A cup of'tea at 50° C has a lot more heat than a drop of water at 99°.

« Each material has a certain capacity to hold the heat at a particular temperature.
It is called the heat capacity.

o A cup of water at 99° C will not warm up the bucket of water. But, another
half filled bucket at 60° C can warm up the water in the first It is because half filled

bucket has more heat than the cup of water at 99° C.
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(From https://science4fun.info/heat/)

Speaking

e Speak about the nature of heat.
e Speak about heat transfer.

e Speak about the study of heat, thermodynamics, and statistical mechanics.

Unit 7.

I. Read and translate the text. Learn the new vocabulary

Transformation of Heat into Work

Heat and work are two different ways of transferring energy from one system to
another. The distinction between Heat and Workis important in the field

of thermodynamics.

Thermodynamics is the study of how heatcan be transformed into
useful energy in the form of work, hence the name thermo + dynamics. It is an
extremely vast and intricate area of science which took many years to develop,
beginning in the early 19th century. Scientists were beginning to understand the
possibility of attaining work from a heat source, and this was first demonstrated by
James Joule in the 1840s. Thermodynamics gives the foundation for heat
engines, power plants, chemical reactions, refrigerators, and many more important

concepts that the world we live in today relies on.

Beginning to understand thermodynamics requires knowledge of how the
microscopic world operates. Some key ideas that describe the microscopic properties
of a system include temperature, pressure and internal energy. Understanding the

properties of a system is crucial, but even more so is the transfer of this energy to other
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systems, known as heat transfer. An analysis of these ideas led scientists to the

formulation of the four laws of thermodynamics.

Heat is the transfer of thermal energy between systems, while work is the transfer

of mechanical energy between two systems.

Mechanical energy can be converted into heat, and heat can be converted into
some mechanical energy. This important physical observation is known as
the mechanical equivalent of heat. This means one can change the internal energy of a
system by either doing work to the system, or adding heat to the system. This concept
is fundamental to thermodynamics which applies the ideas of heat and work in order to

create useful systems such as engines, power plants, and refrigerators.

This distinction between the microscopic motion (heat) and macroscopic motion
(work) is crucial to how thermodynamic processes work. Heat can be transformed into

work and vice verse, but they aren't the same thing.

The first law of thermodynamics states that heat and work both contribute to the
total internal energy of a system, but the second law of thermodynamics limits the

amount of heat that can be turned into work.

Main Differences

« The Second Law allows work to be transformed fully into heat, but forbids
heat to be totally converted into work. If heat could be transformed fully into work it
would violate the laws of entropy. The maximum amount of work one can attain from

heat is given by the Carnot efficiency.

« Heat is the energy associated with the random motion of particles, while work
Is the energy of ordered motion in one direction. Therefore, heat is "low-quality" energy
and work is "high-quality" energy, and this supports the entropy statement of the

Second Law.

55


https://energyeducation.ca/encyclopedia/Heat_transfer
https://energyeducation.ca/encyclopedia/Mechanical_energy
https://energyeducation.ca/encyclopedia/Heat
https://energyeducation.ca/encyclopedia/Internal_energy
https://energyeducation.ca/encyclopedia/Work
https://energyeducation.ca/encyclopedia/Thermodynamics
https://energyeducation.ca/encyclopedia/Engine
https://energyeducation.ca/encyclopedia/Power_plant
https://energyeducation.ca/encyclopedia/Refrigerator
https://energyeducation.ca/encyclopedia/First_law_of_thermodynamics
https://energyeducation.ca/encyclopedia/Second_law_of_thermodynamics
https://energyeducation.ca/encyclopedia/Entropy
https://energyeducation.ca/encyclopedia/Carnot_efficiency
https://energyeducation.ca/encyclopedia/Second_law_of_thermodynamics#Disorder_Statement

Heat and work each have their own distinct properties, and they differ in how

they affect a system. These are listed and compared below:

Heat (Q
Work (W) @
Interaction Mechanical
Requires Force and Displacement
Macroscopic pushes and
Process

pulls

W >0 whenagas is
Positive value | compressed. Energy is

transferred into system.

W < 0 when a gas expands.
Negative value | Energy is transferred out of

system.

A system is in mechanical
Equilibrium equilibrium when there is no

net force or torque on it.

Thermal

Temperature difference

Microscopic collisions

Q > 0 when the environment is at a
higher temperature than the
system. Energy is transferred into

system.

Q < 0 when the system is at a
higher temperature than the
environment. Energy is transferred

out of system.

A system is in thermal equilibrium
when it is at the same temperature

as the environment.

(From https: //energyeducation.ca/encyclopedia/Heat_vs_work)

Vocabulary

thermodynamics TEPMOIMHAMIKA

[03:.mov.dar neem.iks]
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hence [hens]

intricate ['m.tri.kot]

to attain [o'tein]

heat engine

power plant

internal [m't3:.nal]
crucial ['kru:.fal]

heat transfer

observation [ ob.za'ver.[an]
violate ['var.a.lert]
entropy [ en.tra.pi]

the Carnot efficiency
random [ 'reen.dom]
interaction [ m.to'raek. fon]
to expand [1k'speend]

torque [tok]

OTXKe

3aIUTyTaHU U
JOCSTTU
TEIUIOBUM IBUT'YH
€JIEKTPOCTAHIIIS
BHYTPIIITHIN
BUPIIIAIbHUNA
Teruionepeaaya
CIIOCTEPEKEHHS
MOpYIIYyBaTH
SHTPOITIS
koedimient Kapno
BUIIAKOBHUU
B3a€EMO/IIS
PO3LIMPIOBATH

KPYTHUM MOMEHT

Exercise 1. Answer the following questions

1. Are heat and work

two different ways of transferring energy from

one system to another? 2. What is thermodynamics? 3. How many years did it take to
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develop thermodynamics? 4. What was first demonstrated by James Joule in the 1840s?
5. What does thermodynamics give? 6. What does beginning to understand
thermodynamics require? 7. What are some key ideas? 8. Why is the understanding the
properties of a system crucial? 9. What is known as heat transfer? 10. What did the
analysis of these ideas lead scientists to? 11. What is the difference between heat and
work? 12. What can mechanical energy be converted into? 13. What can heat be
converted into? 14. What is understood under “the mechanical equivalent of heat”?
15. Why is this concept fundamental to thermodynamics? 16. What is crucial to
thermodynamic process work? 17. Can heat be transformed into work? 18. What does
the first law of thermodynamics state? 19. What does the second law of
thermodynamics forbid? 20. Why is heat low-quality energy? 21. How do heat and

work differ? Explain.
Exercise 2. Find the English equivalents in the text

pi3HI cniocoOu mepenadi eHeprii, chepa TepMOAWHAMIKH, y (GopMi pobOOTH,
HaJ3BUYaHO OOIIMpHA 1 3arulyTaHa o0yiacTh HayKu, po3poOsiiacsi 0araTo poKis,
MOKJIMBICTh JOCATHEHHS POOOTH Bij JPKepesa Terla, JaTh OCHOBY JJISI TEIJIOBHX
JBUTYHIB, €JIEKTPOCTAHIIINA, XIMIYHUX peakIliid, XOJOAWIbHUKIB, 0araro I1HIINUX
BOKJIMBHUX KOHIICIIIIHN, SIK TPAIfO€ MIKPOCKOITIYHHUK CBIT, (POPMYITIOBaHHS YOTHPHOX
3aKOHIB TEPMOJAMHAMIKH, MEXaHIYHUI €KBIBAJICHT TEILJIa, BHYTPIIIHS €HEPTisl CHCTEMH,
CTBOPUTH KOPHUCHI CHCTEMH, SK TMPAIIOIOTh TEPMOJMHAMIUHI IPOIECH, HABIAKH,
CIIpUSTH, 3arajbHa BHYTPIIIHS C€HEPris CHCTEMHM, MOBHICTIO IEPETBOPIOBATHCS HA
TEIJI0, TOPYITyBaTH 3aKOHHU €HTPOITi1, XAOTUYHHH PyX YaCTUHOK, MaTH BJIACHI BiAMIHHI

BJ'IaCTI/IBOCTi, BIINIMBATHU HA CUCTCMY.

Exercise 3. Match the sentences

1. Heat is defined a)to the heat acquired from the high

temperature reservoir.
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2. Work

between two systems

iIs the transfer of energy

3. Reversible work

4. Work does not occur spontaneously,

5. Joule did such an experiment
6. The Carnot efficiency of the heat

engine is the ratio of the work performed

7. The refrigerator is a heat engine run
in reverse. It “lifts” heat from a cold
reservoir
8. Two

equilibrium

systems are in thermal
9. The first law of thermodynamics is

the conservation-of-energy principle

10. A thermal process is quasi-static

when it occurs slowly enough

11. Refrigerators, air conditioners, and
heat pumps are devices that utilize work
(magnitude = |W|)

12. The third law of thermodynamics
states that it is not possible to lower the

temperature of any system

b)but requires an ‘agent’ to apply a force
through a distance to generate the work.
c)and delivers it to a hot reservoir by
doing work.

d)by all means other than a difference in
temperature.

e) carries no entropy.

f) as the transfer of energy by virtue of a
difference in temperature between two
systems.

g)when he measured the mechanical

equivalent of heat.

h)to absolute zero (T = 0 K) in a finite
number of steps.

1) to make heat (magnitude = |Qc|) flow
from a lower Kelvin temperature T¢ to a
higher Kelvin temperature Th.

j) if there is no net flow of heat between
them when they are brought into thermal
contact.

K)applied to heat, work, and the change in
the internal energy.

[)that a uniform pressure and
temperature exist throughout the system

at all times.
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Exercise 4. Translate the following sentences into English

1. Enepris € oquuM 3 HalOUIbI (QYHIAMEHTAIBHUX 1 YHIBEPCATBHUX KOHIICIIIIH
($13MYHOT HAYKH.

2. KiHeTnyHa eHepris MoB'si3aHa 3 PyXoM 00'e€KTa, KUIbKICHO TIJIO 3 MAacow M i
PYXa€Thes 31 MIBUAKICTIO V BOJIOli€ KIHETUYHOIO eHeprieio mv2/2,

3. TloTeHuiitHa eHepris - 1Ie eHepris, Ky TIJI0 Ma€ B CHIIy CBOTO pO3TalllyBaHHS.

4. KiHeTnyHa €Heprisi MaKpOCKOIIYHUX OO'€KTIB MOXeE MepeAaBaTUCi MK
00'ekTaMM (BUKJIIOYAIOYM HACIHIJIKH TEPTH).

5. Ilicns Toro, siK KIHETUYHA €HEPrisi CTa€ TEPMIYHOIO, TUIbKM YAaCTHHA ii MOXe
OyTu TiepeTBOpEHa HazaJl B MOTEHIIMHY eHeprito abo OyTH 30cepe/keHa Hazaja B
KIHETUYHY €HEPril0 MaKpOCKOIIYHOT.

6. lLle oOMmexeHHs, sK€ HE Ma€ HIYOTO CHUIBHOI'O 3 TEXHOJIOTIEI0, ajie €
(yHIAMEHTAaNbHOIO  BJIACTUBICTIO MPHPOAH, €  MPEAMETOM APYroro  3aKOHY
TEPMOAUHAMIKH.

7. TlepeTBOopeHHs Teruia B POOOTY 3MIMCHIOETHCS 3a JOMOMOTOO TEIJIOBOTO
JBUTYHA, HAUTTOIINPEHIIINM TPUKIIAJIOM SKOTO € 3BHYAWHUI OCH3MHOBUY JIBUTYH.

8. Pobora, six 1 eHepris, Moxe IpuAMaTu pizHI GOpPMHU, HAHOLIBII 3BHYHOIO €
MeXaHIuHa 1 eJIeKTPUYHA.

9. Hayka nmpo TepMoarHaMIKy pO3BHBaiacs 3 HEOOX1THOCTI pO3YMiHHS OOMEXKECHb
NapOBUX TEIUIOBUX JIBUTYHIB Ha MOYATKY 1HIYCTPiaIbHOT CIIOXH.

10. OcHoBHHi1 3ak0H mpupoau, pyruii 3aK0H TEPMOJAMHAMIKH, CTBEPIKYE, IO

MIOBHE TIEPETBOPEHHS TETIa B pOOOTY HEMOKIIUBO.

(From https://ukrayinska.libretexts.org/)

Exercise 5. Read the following interesting piece of information. Share

your opinion with your classmates
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Igloos are traditionally associated with the indigenous populations of the Arctic
regions of Alaska, Canada, and Greenland, broadly called the Inuits. They are
temporary shelters made by Inuits to be used as winter homes or for hunting
expeditions.

The key to a warm igloo lies in choosing the right raw material; and there are
only two raw materials abundantly available in the Arctic—snow and ice.

An igloo is made of compressed snow. Compact hardened snow is a great
insulator of heat because snow is nothing but semi-frozen water with roughly 95%
trapped air. The air molecules trapped between the tiny ice crystals create air pockets,
which act as excellent insulators that prevent heat loss due to convection. Thus, snow
Is the perfect material with which to build a warm abode amidst the freezing Arctic
environment.

Unlike snow, ice is basically frozen water and does not contain a lot of air
pockets, which makes it a bad insulator. Thus, snow is preferred over ice for the
construction of igloos.

The type of snow used is equally important. Freshly fallen snow is brittle and
powdery and cannot be used to build a sturdy structure. Thus, igloos are made by cutting
out hardened, compressed snow blocks from the ground.

(https://www.labxchange.org/library/items/Ib:LabXchange:1fff8483:html:1#:~:
text=An%20igl00%20is%20made %200f,heat%2010ss%20due %20t0%20convection.)

Speaking

e Speak about transformation of heat into work.
e Speak about conduction, convection, radiation.

e Speak about energy units.

61
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Unit 8.
I. Read and translate the text. Learn the new vocabulary
Atomic structure of matter

The history of atomic structure and quantum mechanics dates back to the times
of Democritus, the person who first proposed that matter is composed of atoms. The
study of the structure of an atom gives a great insight into the entire class of chemical
reactions, bonds and their physical properties. The first scientific theory of atomic

structure was proposed by John Dalton in the 1800s.

The English chemist John Dalton suggested that all matter is made up of atoms,
which were indivisible and indestructible. He also stated that all the atoms of an element

were exactly the same, but the atoms of different elements differ in size and mass.

Chemical reactions, according to Dalton’s atomic theory, involve a
rearrangement of atoms to form products. According to the postulates proposed by
Dalton, the atomic structure comprises atoms, the smallest particle responsible for

the chemical reactions to occur.

Matter cannot be separated individually, but it is an arrangement of several
atoms. Atoms are the smallest unit of matter that is having protons, neutrons, and
electrons and cannot be divided. The arrangement of numerous atoms decides the size,

shape, and color of matter.

[© EACLAS

(@] _~— Electron orbits
o
(] -

A
P —rh
[« ] Neutron
@ Electrons
///

@ o////

Nucleus

The Structure of Atom

Fig.1. The atomic structure of matter

(From https: //byjus.com/jee/atomic-structure/)
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Matter can either be a pure substance or a mixture. Pure substances can either be

elements or compounds. Mixtures can either be homogeneous or heterogeneous.

An element is matter made of only one kind of atom. There are 115 known
elements. Ninety elements are naturally occurring. The elements are organized
according to their properties in the Periodic Table. For example, Hydrogen, Carbon,

Nitrogen, Calcium, Sodium, Oxygen.

Compounds are two or more elements that are chemically combined.
Compounds cannot be easily separated into their elements. For example, H20 Water,
NaCl Salt, C6H1206 Sugar]Glucose H2 N2 O2. The gases of hydrogen, nitrogen and

oxygen naturally exist as compounds of two atoms of their element.

Mixtures are made of different compounds that are mixed together. Mixtures can
be easily separated into the original compounds. Homogeneous — substances evenly

mixed, heterogeneous — substances not evenly mixed.

Atoms interact through the electromagnetic force and create molecules.
Molecules can include atoms of the same or different elements. Each type of molecule
has its own properties which also define how it reacts with other molecules. The use

and role of each type of molecules in nature is based on its properties.

Does it have constant

T
elemental composition? Yes

[ Mixture J [Pure substance]

Is it uniform Can it be simplified

‘ ‘ ‘ chemically? '

° throughout? Ye es ! Y No

Heterogeneaus Homogeneous| | compound
mixture mixture5

Fig.2. The structure of matter

(From https://ukrayinska.libretexts.orq)
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Physical properties of matter can be observed and measured without changing
the kind of matter being studied. These physical properties can be used to identify a

substance; i.e. melting point, boiling point, density (heaviness), color, ph.

Chemical properties of matter are not usually visible and, a change in the matter
does occur. Chemical properties can also help identify a substance. Chemical properties
can only be seen when there is a chemical reaction like burning, rusting, chemical

reactivity.

The three classical states, solid, liquid, and gas of matter, can be distinguished
macroscopically in terms of the properties of density, compressibility, and rigidity
related to the motion of atoms or molecules. What are elements in structure of matter?
All matter is made up of substances called elements, which have specific chemical and
physical properties and cannot be broken down into other substances through ordinary

chemical reactions.

States of Matter
o9 (T ® °
® =atom o '7 O@o ® @ ° .V..@
@ = nucleus gigi ¥ ® oo, © .( (-). -
_ Y - o ) 4 D ®
@ = electron 14 5.%?23&3 OO o® o oo 00
Solid Liquid Gas Plasma
Add Heat

Fig.3. The four states of matter at the molecular level

(From https://www.hiclipart.com/free-transparent-background-png-clipart-

mwpjm/download)

Primarily, the atomic structure of matter is made up of protons, electrons and
neutrons. The protons and neutrons make up the nucleus of the atom, which is
surrounded by the electrons belonging to the atom. The atomic number of an element

describes the total number of protons in its nucleus.
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Any characteristic that can be measured, such as an object's density, colour, mass,
volume, length, malleability, melting point, hardness, odour, temperature, and more,
are considered properties of matter. Chemical reactions are the processes through which
atoms and]or molecules interact and are combined. There are different types of
chemical reactions but they are mainly categorized depending on whether the system

releases or absorbs energy.

(From https: //www.uomus.edu.igimglectures21MUCLecture 2022 123047822.pdf)

Vocabulary
matter [ 'meeta(r)]
to be composed of

insight ['1n.sart]

Matepist
CKJIaJIaTUCH 3

B T10JIE 30py

entire [m'tara(r)] LT

bond [bond] 3B'S3b
indivisible [ mn.dr'viz.1.bl] HETOIUTbHUN
indestructible [ 1n.d1'strak.ti.bl] HETIOPYITHUH
postulate ['pos.tju.lert] MOCTYJIAT

to occur [a'k3:(r)] BiJIOyBaTHCS
substance ['sabstons] peyoBHHA
homogeneous [ hom.a'd3i:.ni.as] OJTHOPITHUN
heterogeneous [ het.or.o'd3i:.ni.as] HEOTHOP1THHIM

the periodic table Tabnuist Menneneera
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hydrogen [ har.dri.dzon] BOJICHD

carbon ['ka:.ban] BYTJICIb
nitrogen [ 'nar.tra.dzon] a3oT
compound [ 'kom.paovnd] CHOJIyKa
evenly ['i:.van.li] PIBHOMIpHO
density ['den.srti] ITBHICTh
ph [ pi:‘ertf] mi ami; piBeHb KUCIOTHOCTI
rust [rast] ipka
compressibility [kampres: biliti] CTHCIIUBICTH
rigidity [r1'd3id.1.ti] YKOPCTKICTh
malleability [ meel.i.a'bil.1.ti] MJIACTUYHICTh
odour ['suv.dor] 3arax

Exercise 1. Answer the following questions

1. What did Demaocritus propose? 2. What does the study of the structure of an
atom give? 3. Who was the first scientific theory of atomic structure proposed by?
4. What did the English chemist John Dalton suggest? What did he state? 5. What do
chemical reactions involve according to Dalton’s atomic theory? 6. What is matter?
7. What are the smallest units of matter? 8. What decides the size, shape, and color of
matter? 9. What can matter be? 10. What can pure substances be? 11. What can mixtures
be? 12. What is an element? 13. How are elements organized? 14. What are
compounds? Give examples. 15. What are mixtures made of? 16. How do atoms
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interact? 17. What can you say about types of molecules? 18. How can physical
properties of matter be observed? 19. What can you say about chemical properties of
matter? 20. What are the three classical states of matter? 21. What is all matter made
up of? 22. What does the atomic number of an element describe? 23. What are the
properties of matter? 24. What are chemical reactions? 25. How can chemical reactions
be categorized?

Exercise 2. Find the English equivalents in the text

iCTOpisl aTOMHOI1 CTPYKTYpH, KBAaHTOBA MEXaHIKa, CXOAUThH 10, JNaTH BEIIUKE
pO3yMiHHS, (PI3UYHI BIACTUBOCTI, MEPIlIa HAYKOBA TEOPIs, BIIPIZHATHUCS 32 PO3MIPOM 1
Macolo, HallMeHIIa YaCTUHKA, YKCTa PEYOBHHA a00 CyMilll, MOe OyTH OJIHOPIIHOIO
a00 HEOJHOP1AHOW, OyTH OpraHi30BaHUMH BIAMOBIIHO A0 iXHIX BJIACTUBOCTEH, OyTH
XIMIYHO TO€JIHAHUMHM, PIBHOMIPDHO 3MIlIaHlI pPEYOBUHHU, B3AEMOJISITH 4Yepes
€JIEKTPOMArHiTHy CHJIy, MOJKHA CIIOCTEpiraTd Ta BHUMIPIOBATH, 1ICHTU(]IKYBaTU
pPEUYOBHMHY, XIMIYHA peaKilis, TBEP/A, piJika Ta ra30moai0Ha peuoBHHA; PO3MaAaTUCS Ha
1HIII pEYOBUHH, CKJIQIaTUCS 3 TPOTOHIB, EJIEKTPOHIB 1 HEUTPOHIB; SIPO, B OCHOBHOMY

KJ1acu(iKyBaTUCS 3aJI€KHO Bijl, BUBUIHHATU a00 MOTJIMHATH CHEPTIIO.
Exercise 3. Match the sentences

1. At the most fundamental level, matter a) astronomical observations that began

Is composed of elementary particles in the 1930s and that show that a large

known fraction of the universe consists of “dark
matter.”

2. Quarks combine Db) whose roots go back to Max Planck’s

into protons and neutrons and, explanation in 1900 of the properties

of electromagnetic radiation emitted by a
hot body.
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3. Depending on temperature and other

conditions,

4. At for

instance, gold is a solid, water is a liquid,

ordinary  temperatures,
and nitrogenis a gas, as defined by

certain characteristics:

5. However, all matter of any type shares
the fundamental property of inertia,

which—as  formulated  within Isaac
Newton’s three laws of motion—

6. Another universal property

of special
that

7. Einstein’s

relativity (1905)

(as mass) and energy

theory

shows matter

8. The concept of matter is further

complicated by quantum mechanics,

9. Additional complexity in the meaning

of matter comes from
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c) prevents a material body from
responding instantaneously to attempts to

change its state of rest or motion.

d) the particles annihilate each other.

e) scientists finally announced in 2012

the discovery of the Higgs boson.

f) matter may appear in any of
several states.

g) is gravitational mass, whereby every
physical entity in the universe acts so as
to attract every other one, as first stated
by Newton and later refined into a
new conceptual form by Albert Einstein.
h) an

particle known

elementary subatomic
as the Higgs

boson imparts mass to all known
elementary particles.

1) solids hold their shape, liquids take on
the shape of the container that holds

them, and gases fill an entire container.


https://www.britannica.com/science/temperature
https://www.britannica.com/science/gold-chemical-element
https://www.britannica.com/science/water
https://www.britannica.com/science/nitrogen
https://www.britannica.com/science/inertia
https://www.britannica.com/biography/Isaac-Newton
https://www.britannica.com/biography/Isaac-Newton
https://www.britannica.com/science/Newtons-laws-of-motion
https://www.britannica.com/science/phase-state-of-matter
https://www.britannica.com/science/relativity/Special-relativity#ref252878
https://www.britannica.com/science/relativity/Special-relativity#ref252878
https://www.britannica.com/science/mass-physics
https://www.britannica.com/science/energy
https://www.britannica.com/science/universe
https://www.merriam-webster.com/dictionary/conceptual
https://www.britannica.com/biography/Albert-Einstein
https://www.britannica.com/science/quantum-mechanics-physics
https://www.britannica.com/science/subatomic-particle
https://www.britannica.com/science/subatomic-particle
https://www.britannica.com/science/Higgs-boson
https://www.britannica.com/science/Higgs-boson
https://www.britannica.com/science/complexity-scientific-theory

10. Although a fully satisfactory grand
unified theory (GUT) has yet to be
derived, one component, the electroweak
theory of Sheldon Glashow, Abdus
Salam, and Steven Weinberg (who
shared the 1979 Nobel Prize for Physics
for this work) predicted that

11. After years of experiments using the

most powerful particle accelerators

available,

12. When matter meets antimatter,

These states can be further categorized

into subgroups.

J) can be converted into each
other according to the
famous equation E = mc?, where E is

energy, mis mass, and c is the speed of
light.

k) along with electrons, form atoms of the

elements of the periodic table, such
as hydrogen, oxygen, and iron.

) as quarks and leptons (the class of
elementary particles that

includes electrons).

Exercise 4. Translate the following sentences into English

1. Marepis ckIagaeThcs 3 KPUXITHUX YAaCTHHOK, SIKI Ha3WBAIOTHCS aTOMaMH,

10 YTPUMYIOTBCSI Pa30M CUJIAMH, 3BaHUMHU 3B'SI3KAMH.

2. Marepis kiacudiKyeThCs K YUCTa PEUYOBHHA, SKIO BOHA MA€ MOCTIHHUMN 1

HE3MIHHUN CKiaja THIY aroMiB. Hama marepis - e abo eneMeHT, abo 3'eTHaHHS.

3. Tpaguuiino 'y  di3uuHIil

KapTHHI CBITY BUIUISIOTH IBa

dbyHIaMeHTanbHI BUAX MaTepii — PEUOBHHY Ta (i3UYHI MOJIS.

4. OpHak, TaKWi TONIT € YMOBHUM, OCKUIBKM B paMKaxX KBaHTOBOi Teopii

1oJIst Oy/b-sIKa YaCTUHKA OIMHUCYETHhCS KBAHTOBAHUM (DI3UYHUM ITOJIEM.
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https://www.britannica.com/science/electroweak-theory
https://www.britannica.com/science/electroweak-theory
https://www.britannica.com/biography/Sheldon-Glashow
https://www.britannica.com/biography/Abdus-Salam
https://www.britannica.com/biography/Abdus-Salam
https://www.britannica.com/biography/Steven-Weinberg
https://www.britannica.com/topic/Nobel-Prize
https://www.britannica.com/science/mass-energy-equivalence
https://www.britannica.com/science/mass-energy-equivalence
https://www.britannica.com/science/E-mc2-equation
https://www.britannica.com/science/speed-of-light
https://www.britannica.com/science/speed-of-light
https://www.britannica.com/science/periodic-table
https://www.britannica.com/science/hydrogen
https://www.britannica.com/science/oxygen
https://www.britannica.com/science/iron-chemical-element
https://www.britannica.com/science/quark
https://www.britannica.com/science/lepton
https://www.britannica.com/science/electron
https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D1%87%D0%BE%D0%B2%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B5_(%D1%84%D1%96%D0%B7%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0_%D1%82%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%BF%D0%BE%D0%BB%D1%8F
https://uk.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0_%D1%82%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%BF%D0%BE%D0%BB%D1%8F
https://uk.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_(%D0%BA%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B5_(%D1%84%D1%96%D0%B7%D0%B8%D0%BA%D0%B0)

5. OcraHHIMU pOKaMu JJisl MOSICHEHHS MPUCKOPEHHs po3lupeHHs Bceecsity,
PO L0 CBIYATh ACTPOHOMIYHI CLIOCTEPEIKEHHS, BUHUKIIA HEOOXITHICTh T1OTE3yBaTH
ICHYBaHHsI HOBOTO BHJly Matepii, sika OTpruMaja Ha3By TEMHOI €Heprii.

6. Ilpupona TeMHOI eHeprii 3aIMIIAETHCS HE3'ICOBAHOIO.

7. HeilTpoHHa  pe4yOBMHA —  CKJIQJA€TbCS  NEPEBAXXHO 3 HEUTPOHIB 1
no30aBiieHa aTOMHO1 OYJJOBH.

8. 3a cyyacHUMH YSBICHHSAMH KBAaHTOBE IOJI€ € YHIBEpPCAIbHOIO (HOPMOIO
Mmartepii,

9. KnacuuHa peyoBHHa MOe nepedyBaTH B OJHOMY 3 JEKUIbKOX arperaTHUX
CTaHiB: ra30n010HUM, PIAKUHN, TBEPAUM KpUCTaIIYHUM, TBEpAUl aMoppHuUl abo y
BUTJISII PIAKOTO KpHUCTAa.

10. EnemenTu mpencraBiieHI CUMBOJAaMH, MEepIIUM aiagaBiTOM IX aHTIIIHCHKOT
a00 HeaHINMKHCHhKOT HAa3BM, HANMCAHUM BeJlUWKUMU Jitepamu. Hampuknag, C — s

Byriento, O —uns kucHio, a H — 1 BogHIO.

(From https://uk.wikipedia.org/wiki/Mamepis_(pizuxa);

https://ukrayinska.libretexts.org/)

Exercise 5. Read the following interesting pieces of information. Share
your opinion with your classmates

e Oxygen is made up of a single atom.

e Pure liquid helium can be converted into solid by heating at -272c.

e Compound gases like CO2 are made up of more than two particles.

e A vacuum is an area containing no matter.

e Plasma can be found in polar auroras.

e The volume of gas is not constant.

« 97% of the water present on earth is salt water. When water freezes, it expands

up to 9%.

(https://www.quora.com/Is-oxygen-an-atom-or-element)
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https://uk.wikipedia.org/wiki/%D0%90%D0%B3%D1%80%D0%B5%D0%B3%D0%B0%D1%82%D0%BD%D0%B8%D0%B9_%D1%81%D1%82%D0%B0%D0%BD
https://uk.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
https://uk.wikipedia.org/wiki/%D0%A0%D1%96%D0%B4%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B2%D0%B5%D1%80%D0%B4%D0%B5_%D1%82%D1%96%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%90%D0%BC%D0%BE%D1%80%D1%84%D0%BD%D1%96_%D1%80%D0%B5%D1%87%D0%BE%D0%B2%D0%B8%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%A0%D1%96%D0%B4%D0%BA%D1%96_%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%B8
https://uk.wikipedia.org/wiki/Матерія_(фізика);%20https:/ukrayinska.libretexts.org/)
https://uk.wikipedia.org/wiki/Матерія_(фізика);%20https:/ukrayinska.libretexts.org/)
https://www.quora.com/Is-oxygen-an-atom-or-element

Speaking

e Speak about the atomic structure of matter.
e Speak about states of matter.

e Speak about matter and energy.

Unit 9.
I. Read and translate the text. Learn the new vocabulary
Waves

A wave is just the propagation or storage of energy through a medium or the
vacuum, without any transfer of the medium itself. Travelling waves transfer energy
from one point to another through a vacuum or a medium. Standing waves do not
transfer energy, but instead store energy in the medium or vacuum. A wave can reflect,
refract, diffract, exhibit interference, and in the case of transverse waves, can be

polarised.

There are many ways to categorise waves: electromagnetic waves, mechanical
waves, progressive waves, standing waves, transverse, longitudinal, polarised,

unpolarised, etc.

The speed of a wave (v) is related to its wavelength (1) and frequency (f) by
v=fA
Waves are defined by their wavelength and frequency.

Wavelength (1) is the distance over which the shape of the wave repeats at a
given time.
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Frequency (f) is the number of times the wave shape repeats per unit time at a

given point. The inverse of the frequency is the period (T), where T=f1.
Period (T) is the time for it takes for the wave to repeat itself at a given point.

The wave speed (v) is the speed at which wave propagates, or the speed at which
a point of fixed phase moves forwards, or at which the wave fronts move. It is perhaps
easiest to visualise wavefronts in the case of water waves, as lines joining points where
the water has the same height. The wave speed is related to frequency and wavelength

by v=f4 which is known as the wave equation.

Another important characteristic of a wave is its amplitude (A), the maximum

displacement of the wave from its undisturbed position.

The intensity of a wave is the average energy transferred through a unit area in
unit time. The energy of the wave is proportional to the square of its amplitude and so

IS its intensity.

Waves can be categorised as either longitudinal or transverse. These depend on
the directions of the oscillation and the direction of propagation of the wave.

In transverse waves, the direction of oscillation is perpendicular to the direction
of propagation. This is the case for waves on strings, water waves in certain conditions

and light waves.

Transverse Wave

Waveleng:

i & T & T
y |J U
=

n
mpltude) 3

Figl. Transverse wave

(From https://www.google.com/search?q=transverse+waves+picture)
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In longitudinal waves, the direction of oscillation is parallel to the direction of
propagation. This causes a series of compressions (regions where the particles are
closer together than in their undisturbed state) and rarefactions (regions where the
particles are further apart than in their undisturbed state) in the medium the wave travels

through. Sound waves and some seismic waves are longitudinal.

Longitudinal Wave

Direction of Energy Wave

Wavelength

| \\\\\\\\\\\\\\\\\\ \ \\\\\\\\\\\\\\\\\\\

Compression

Rarefactlon Compression

| Vector Longitudinal Wave EPS 10|
shutterstock.com - 211513915

Fig.2 Longitudinal wave

(From https://www.google.com/search?q=transverse+waves+picture)

The phase of a point on a wave relative to the origin can be defined as the fraction
of the wave cycle that has elapsed since the origin. The phase of a wave can be

represented by an angle, ¢, with ¢=2zrad=3600 being equivalent to a full cycle.

It is possible to determine the phase difference (A¢) between two different waves,

as it affects the resultant wave when the two interact with each other.

Two waves that are at the same point on their wave cycles at the same time are

said to be in phase.

Matter and particles with mass can exhibit wavelike properties; for example

electrons can diffract in the same way as light in the double slit experiment.
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A photon has no mass. However, it does have a momentum. The momentum of

a photon cannot be calculated in the usual way, but is instead found using de Broglie's

relation.

(From https://isaacphysics.org/concepts/cp_general _waves?stage=all)

Vocabulary

propagation [ prop.a‘ger.fan]
medium [ 'mi:.di.om]

refract [r1 freekt]

to exhibit [1g'zib.1t]
interference [ in.to ' fia.rons]
transverse waves [treenz'v3:s weivz]
longitudinal [ lon.gr'tfu:.dr.noal]
UK lon.dzr'tfu:.di.nal]

inverse [ 'vs:s]

the wave front

displacement [d1'spleis.mant]
oscillation [ os.r'ler.fan]
rarefaction ['re(o)ri'feek[(o)n]
fraction ['fraek. fon]

to diffract [di fraekt]

HOIIUPEHHS
CEepeOBUILE
3aJIOMJIIOBATH
JIEMOHCTpPYBaTH
BTpYYaHHS
nornepeyHi XBUIi

IMO30BXKHIN

3BOPOTHHI
XBHJIBOBA ITOBEPXHS
TepeMIleHHS
KOJIMBaHHSI
PO3PIIKEHHS

npi0, yacThHA

nudparyBatu
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a momentum [mo'men.tom] IMITYJIBC
Exercise 1. Answer the following questions

1. What is a wave? 2. What do travelling waves do? 3. Standing waves do not
transfer energy, do they? 4. What can a wave do? 5. How can waves be categorized?
6. What is the formula that describes the speed of wave? 6. How are waves defined? 7.
What is frequency? 8. What is the inverse of the frequency? 9. What is the wave speed?
10. What is known as the wave equation? 11. What is another important characteristic
of a wave? 12. What is the intensity of a wave? 13. How can waves be categorized?
14. What can be said of transverse waves? 15. What is typical for longitudinal waves?
16. Are sound waves longitudinal? 17. How can the phase of a wave be represented?
18. When are the waves said to be in phase? 19. What can matter and particle exhibit?

20. What does a photon have? 21. How can the momentum of a photon be calculated?

Exercise 2. Find the English equivalents in the text

PO3MOBCIO/KEHHSI a00 HAKOMHMYCHHS €HEPrii, dYepe3 CEepPeJIOBHINE YU BaKyyM,
BUSIBIIATH 1HTEp(EPEHIIiI0, TMOMSAPU3YyBaTH, KIAacU(IKyBaTH XBWIII, IMIBHIKICTh XBHII,
dbopma XBWJIl B JaHIA TOYIll, IIBUIKICTh, 3 SIKOIO XBWJISA IOUIUPIOETHCS; XBUIIbOBE
PIBHSHHS, MaKCHUMaJIbHE 3MIIIEHHS XBWII BiJ 1i HE30ypeHOro MOJ0XKEeHHS,
MPOTOPITIHHE KBajpaTy il aMIUNTYId, HaANpsSMK{A KOJIWBaHb 1 TOIIUPEHHS XBUJII,
CBITJIOB1 XBWJI, y iX HE30ypeHOMY CTaHi, CEHCMIUHI XBHJIi, YacTKa ITUKIIY XBHII,
BU3HAYUTH PI3HUINIO (a3, B3aEMOMISATH OJWH 3 OIHUM, BHSBIATH XBHJICTIOMIOHI
BJIACTHUBOCTI, B €KCIIEPUMEHTI 3 MOABIMHOIO MIUIMHOIO, AWdparyBaTd TaK caMmo, SK

CBITJIO; BIJHOILIEHHS.
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Exercise 3. Match the sentences

1. The word supersonic comes from
two Latin derived words: 1) super:

above and 2) sonus: sound,

2. At the beginning of the 20th century,
the term "supersonic” was used as an
adjective to describe sound whose
frequency is above the range of normal

human hearing.

3. Supersonic speed is the speed of an

object

4. For objects traveling in dry air of a
temperature of 20 °C (68 °F) at sea

level, this speed

5. Speeds greater than five times the

speed of sound (Mach 5)

6. Sounds are traveling vibrations

7.

polarized longitudinally or

In solids, sound waves can be
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a) rotates around its tail, which is pivoted

at the origin of a coordinate system.

b) which together mean above sound, or

faster than sound.

c) is approximately 343.2 m]s (1,126 ft/s;
768 mph; 1,236 km/h).

d) perpendicularly to the wave’s direction
of travel (we are dealing with a transverse

wave).

e) in the form of pressure waves in an

elastic medium.

f) are often referred to as hypersonic.

g) motion of space shulttles.


https://en.wikipedia.org/wiki/Latin_influence_in_English
https://en.wikipedia.org/wiki/Sea_level
https://en.wikipedia.org/wiki/Sea_level
https://en.wikipedia.org/wiki/Hypersonic

8. Examples of supersonic waves are

wave produced when the bullet is fired
from a gun; wave produced by the
motion of fighter planes and wave

produced by the

9. As a wave passes through any
element on a stretched string, the

element moves

10.When we listen to a concert, for
example, sound waves from many

instruments

11.This is another example of the
principle of superposition, which says
that

12. A phasor is a vector that

h) when several effects

simultaneously, their net effect is the sum

occur

of the individual effects.

1) fall simultaneously on our eardrums.

j) that exceeds of

sound (Mach 1).

the speed

k) The modern term for this meaning is

"ultrasonic".

) transversely and have even higher

velocities.

Exercise 4. Translate the following sentences into English

1. [Iponiec moOmMpPEHHs KOJHMBAaHb Yy TMPOCTOPl HA3UBAIOTh XBWICK abo

XBUJIBOBHM IIPOLICCOM.

2. Hanpsim nommpeHHsT XBUJI1 HA3UBAOTh TPOMEHEM.

3. 3anexHo BiJ HampsMy KOJIMBAaHHS YAaCTUHOK CEPEJIOBUINA IOJI0 HAIPIMY

MOIIMPCHHS XBUJIb X TMOMUISIOTH Ha MOMEPEYHI 1 TO3/I0BXKHI.

4. [TonepedHUMH HA3WBAIOTh XBWII, y SKUX YaCTUHKH KOJMBAIOTHCS B

NEPICHIUKYISIPHOMY JI0 IPOMEHS XBHJI1 HATIPSIMI.

5. XBwii, y SKMX YaCTUHKH KOJMBAIOTHCA B HAMpsMi iXHBOTO MOIIUPEHHS,

HA3UBAIOTh [T030BXHIMHU.
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6. ®i3uka BUBYAE Pi3HI 32 CBOEIO MPUPOIOI0 XBIIII: MEXaHIYHI, €JIEKTPOMAarHiTHI
TOLIO.

7. Ane mij 4yac onMcy XBHWJII MalOTh JOCUTh 0arato CHijibHOrO, @ TOMY MOXYTb
OyTH BUBYEHI Ha MPUKJIAA1 MEXAHIUHUX XBUJIb.

8. dkmio B3aeMoJlii MDK YaCTMHKaMH CEpEJIOBUINA 3IMCHIOETHCS  BiJl
nepeiaBaHHs KOJIMBaHb B/l OJJHUX YACTHUHOK JI0 1HILUX, TO TaKl YACTUHKHA HA3UBAIOTHCS
OPYXHUMU (3BYKOBI, YIbTPa3BYKOBI, CEHCMIUHI).

9. [lix yac momMpeHHs: XBUJI1 B IEBHOMY CEPEAOBHILI MOXE CIIOCTepiratucs ii
BIIXWJICHHA B NPSAMOJIHIHHOTO MOMIMPEHHS, @ TAKOX MOCUJICHHS YU TIOCTA0JIeHHS B
NEBHUX TOYKAX CEPEIOBUIIA.

10. Tlepme siBuIIe Ha3uBaeThecs AUdpakuieto, apyre — intepdepeniieto. Lli

SBUINA XapaKTEPHI JIJIs1 BC1X BUIB XBUJIb.

(From Illkypoooa IO. O. @izuxa. Mexanixa, monexkyisipna gizuxa ma
mepmoounamixa : HasuaavHuti nocionux | FO. O. llIkypoooa, O. O. Ilacvko, O. A.

Kosanenxo. — Cymu: Cymcoruti depoicasnutl yHieepcumem, 2021. — C.121)

Exercise 5. Read the following interesting pieces of information. Share
your opinion with your classmates

« Ocean waves can interact with each other and form more complex patterns,
such as constructive and destructive interference.

« The idea of turning wave energy into electricity occurred in 1799 when
Girard & Son patented a mechanism to drive wave power to activate pumps, mills,
saws, and heavy machinery.

« Ocean waves help regulate global temperatures by transferring heat from the

equator to the poles.

(https://corpowerocean.com/history-of-wave-enerqy/)
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Speaking

e Speak about waves.
e Speak about supersonic waves.

e Speak about applications of sound in medicine.

Unit 10.
I. Read and translate the text. Learn the new vocabulary
Wave motion

Wave motion, propagation of disturbances—that is, deviations from a state of
rest or equilibrium—from place to place in a regular and organized way. Most familiar
are surface waves on water, but both sound and light travel as wavelike disturbances,
and the motion of all subatomic particles exhibits wavelike properties. The study
of waves therefore forms a topic of central importance in all physical science and

engineering.

The simplest types of wave motion are vibrations of elastic media, such
as air, crystalline solids, or stretched strings. If, for example, the surface of
a metal block is struck a sharp blow, the deformation of the surface material compresses
the metal in the vicinity of the surface, and this transmits the disturbance to the layers
beneath. The surface relaxes Dback to its initial configuration, and
the compression propagates on into the body of the material at a speed determined by
the stiffness of the material. This is an example of a compression wave. The steady
transmission of a localized disturbance through an elastic medium is common to many

forms of wave motion.
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In most systems of interest, two or more disturbances of small amplitude may be
superimposed without modifying one another. Conversely, a complicated disturbance
may be analyzed into several simple components. In radio transmission, for example, a
high-frequency signal can be superimposed on a low-frequency carrier wave and then

filtered out intact on reception.

In the simplest waves, the disturbance oscillates periodically with a
fixed frequency and wavelength. These sinusoidal oscillations form the basis for the
study of almost all forms of linear wave motion. In sound, for instance, a single sine
wave produces a pure tone, and the distinctive timbre of different musical instruments
playing the same note results from the admixture of sine waves of different frequencies.
In electronics, the natural rhythmic oscillations of electric currents in tuned circuits are

used to produce sinusoidal radio waves.

Although the mathematical properties of all linear waves are common, the waves
exhibit various physical manifestations. One important class—electromagnetic
waves—represents oscillations of the electromagnetic field. These include infrared
radiation, visible light, radio and television, microwave, ultraviolet, X-rays,
and gamma rays. Electromagnetic waves are produced by moving electric charges and
varying currents, and they can travel through a vacuum. Unlike sound waves, they are
not, therefore, disturbances in any medium. Another difference between
electromagnetic and sound waves is that the former are transverse, that is, the
disturbance occurs in a direction perpendicular to that in which the wave is propagating.

Sound waves are longitudinal: they vibrate along the path of their propagation.

The propagation of a wave through a medium will depend on the properties of
the medium. For example, waves of different frequencies may travel at different speeds,
an effect known as dispersion. In the case of light, dispersion leads to the unscrambling
of colours and is the mechanism whereby a prism of glass can produce a spectrum. In
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geophysics, the dispersive propagation of seismic waves can provide information about

the constitution of Earth’s interior.

Two  important characteristics of all waves are the phenomena
of diffraction and interference. When a wave disturbance is directed toward a small
aperture in a screen or other obstacle, it emerges traveling in a range of directions. Thus,
light rays, which normally follow straight paths, can bend upon passing through a small

hole: this is the phenomenon known as diffraction.

Interference occurs when two waves are combined and the disturbances overlap.
If the waves arrive at a point in phase, enhancement occurs and the disturbance is large.
Where the waves are out of phase, their opposing motions cancel and the disturbance
is small or nonexistent. The net effect is therefore a distinctive interference pattern of

large and small disturbances.

Mathematically less tractable is the study of nonlinear waves, which can be very
important in many applications. These usually display a more complicated structure
and behaviour; for example, water waves in a shallow channel can develop a humplike
formation known as a soliton, which propagates as a coherent entity. Nonlinear waves

are important in systems as diverse as nerve networks and the spiral arms of galaxies.

( From https://www.britannica.com/science/wave-motion)

Vocabulary
propagation [ prop.a‘'ger.fan] MOIIUPEHHS
deviation [ di:vi'erfn] BIJIXMJICHHS
equilibrium [ i:.kwr hib.ri.om] piBHOBara
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a subatomic cy0aTOMHa YacTHHKA

particle_[ sab.o'tom.ak 'pa:.tikl]

central importance BaYKJIMBE 3HAYCHHS

wavelike properties XBHJIETIOAI0H] BJIACTUBOCTI
exhibit [1g’zibit] IPOSIBJIATH

elastic media [1'lees.tik ‘'mi:dio] eIACTHYHI CepeIOBHIIA
crystalline solids_[ 'kris.tol.ain "sol.1dz] KPHCTaJIIYHI TBEP/Ii PEYOBUHU
vicinity [vi'sin.rti] no0u3y

layer ['lera(r)] mrap

stiffness of the material KOPCTKICTh MaTepiany
superimpose [ su:.pa.rim'pavz] HaKJIa1aTh

admixture [od miks.tfar] JIOMIIIIKa

longitudinal [ lon.gr'tfu:.dr.nal] [ lon.d31’ mo3moBxHii

tfu:.dr.nal]

dispersion [dr'sp3:.fan] TUcTIepCis

unscramble [an’skreem.bl] po3mudpoByBaTH
diffraction [dr freek.fan] nudpakiis

interference [ 1n.to'fia.rons] pattern 1HTEepQepeHIIiiiHa KapTuHa
enhancement [in"ha:nsmont] MOKPAICHHS

tractable ['traek.ta.bl] MOIaTIUBUN
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diverse [dar'v3:s] pi3HOMAaHITHUI
hump rop0, BepInHa KpUBOi

soliton COJIITOH (OMHOYHA XBHUJIS)

Exercise 1. Answer the following questions

1. What is the propagation of disturbances? 2. What examples of wavelike
disturbances do you know? 3. The motion of all subatomic particles exhibits wavelike
properties, doesn’t it? 4. Does the study of waves therefore form a topic of central
importance in all physical science and engineering? 5. Are vibrations of elastic media
the simplest types of wave motion or not? 6. Can you give any example of
a compression wave? 7. Is the steady transmission of a localized disturbance through
an elastic medium common to many forms of wave motion? 8. How can one explain
that in radio transmission, for example, a high-frequency signal can be superimposed
on a low-frequency carrier wave and then filtered out intact on reception? 9. In what
waves does the disturbance oscillate periodically with a
fixed frequency and wavelength? 10. What properties are common for all linear
waves? 11. Why do linear waves exhibit various physical manifestations despite the

fact that their mathematical properties are common?

Exercise 2. Find the English equivalents in the text

XBUJIBOBHM PYX, MOIIUPEHHS 30ypeHb, CTaH CIIOKOK ab0 pPIBHOBArd, pyx ycix
cy0aTOMHUX YaCTHHOK, T€Ma IEHTPAJIbHOTO 3HauYeHHs, (i3MYHA HayKa Ta TEXHIKa,
KOJIMBaHHS MPY>KHUX CEPEIOBHIIL, TOYATKOBA KOH(DIrypaIris, HOMHUPIOETHCS BCEPEIUHY
TiJla MaTepiany, a XBUIsI CTUCHEHHS, BUCOKOYaCTOTHUN CUTHAJ, SKUW HAKJIATa€ThC Ha
HU3bKOYACTOTHY HECYUy XBUIIIO; 30yPEHHSI MEPIOANYHO KOJIUBAETHCS, CHHYCOIaTbHI1

KOJIMBaHHs, OJIHA CHUHYCOi/la, MaTE€MaTH4H1 BJIACTHBOCTI BCIX JIIHIMHUX XBWJIb,
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1H(ppauepBOHE BUIPOMIHIOBAHHS, €JIEKTPUYHI 3apsId Ta 3MiHHI CTPYMH, MO3J0OBXKHI,
BIOpYBAaTH B3JOBX LUISAXY iX MOLIMPEHHS, 3aJ€XaTH Bl BJIACTUBOCTEN CEpEIOBHUILA,
pyXaTHcs 3 pI3HUMHU HIBUJKOCTSIMU, CTBOPIOBATH CHEKTP, HaJaBaTU iH(GOpMALIi0 PO
OynoBy Hazap 3emui, siBula audpakiuii Ta iHTepdepeHili, MOXyTh 3rUHATHCS MPHU
IPOXOJKEHH] Yepe3 HEBEJIIMKUIN OTBIp, 30ypEeHHS HAKIAJal0ThCA, MEHII MiAJAI0ThCS

MaTEMaTUYHOMY PO3TIISIAY, HEAIHIAHI XBUIII.

Exercise 3. Match the sentences

1. All bodies, no matter how hot or

cold,

2. At a given temperature, the
intensities of the electromagnetic waves

emitted by an object

3. In 1900 Planck calculated the
blackbody radiation curves, using a

model

4. The ability to exhibit interference

effects

5. One of the most incredible

discoveries of twentieth-century physics

6. For the moment, we intend only to

emphasize that the concept of an
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a) is an essential characteristic of

waves.

b) is that particles can also behave like

waves and exhibit interference effects.

c) whose masses are very small, on the
order of the mass of an electron or a

neutron, for instance.

d) has a wavelength associated with it,

just as a wave does.

e) vary from wavelength to wavelength
throughout the visible, infrared, and

other regions of the spectrum.

f) can exhibit wave-like characteristics.



electron as a tiny discrete particle of

matter

7. Waves can exhibit particle-like

characteristics, and particles

8. All electromagnetic radiation

9. A photon has no mass and always

10. As a graduate student in 1923, Louis
de Broglie (1892-1987) made the
astounding suggestion that since light
waves could exhibit particle-like

behavior,

11. De Broglie proposed that all moving

matter

12. Although all moving particles have a
de Broglie wavelength, the effects of this
wavelength are observable only for

particles

85

g) does not account for the fact that the
electron can behave as a wave in some

circumstances.

h) that represents a blackbody as a
large number of atomic oscillators, each
of which emits and absorbs

electromagnetic waves.

1) consists of photons, which are

packets of energy.

j) travels at the speed of light in a

vacuum.

k) particles of matter should exhibit

wave-like behavior.

I) continuously radiate electromagnetic

waves.



Exercise 4. Translate the following sentences into English

1. [lomupenHs: 30ypeHb y OPOCTOP1 3 IJIMHOM 4Yacy Ha3UBAETHCS XBUJIbOBUM
npouecom, abo MPOCTO XBUJIEIO.

2. OgHuM 3 K1acu@IiKaTopiB XBUII1 € HAIPSIM KOJIMBaHb, 10 BIIOYBAIOTHCS B HIM.
3a 11€10 03HAKOIO XBWJI1 NOAUISAIOTH HA MO3/I0BXKHI Ta MONEPEYHI.

3. B mo3/0BXKHIM XBWJI1 KOJWUBAaHHS B KOXHIA TOYI[l BiIOYBAarOTHCS B3JIOBXK
HANpsIMKY TOLLIUPEHHS.

4. B monepeuHid XBWJIl KOJUBAHHSA BiAOYBAIOTHCS NEPHEHIUKYISIPHO 0
HANpsIMKY TOLIMPEHHS.

5. EnexTpoMarHiTHi XBUJI1 MOXKYTh ICHYBATH 1 B p€UOBHUHI, i Y BAKYYMI, 1 3aB&KAU
€ TIONIEPEYHUMH.

6. HaTomicTe MeXaHI4HI XBUJI1, KOTPl € MOXJIMBI TUIbKH B PEYOBHUHI, MOXKYTb
OyTH SIK MTOTIEPEYHUMU, TaK 1 TO3JOBKHIMH.

7. IIpn 1bOMy THUIT XBWJIb, IKI MOXKYTh BUHUKATH, 3QJICKUTh BiJl B3a€MOJIT MIXK
MOJIEKYJIaMU CEPEeIOBHUIIIA.

8. loBxknHa XBWJI1 JOPIBHIOE BIACTaHI, HAa SIKy MOUIMPIOETHCS XBHWJISA 3a 4Yac
OJIHOTO TIEP10Ty KOJIMBaHb.

9.3a MakcBenoM, 3MIHHE €IEKTPOMArHiTHE Tone icHye y  dopmi
€JIEKTPOMATHITHUX XBUJIb.

10. VY nilicHOCTI €JIEKTpOMAarHiTHa €HEPTis IePEHOCUTHCS HE HEMEPEPBHOIO

XBUJICIO, & IOTOKOM OCOOJIMBUX €JIEMEHTAPHUX YaCTUHOK — KBAHTIB, SIK1 MAtOTh 1

XBUJIbOBI, 1 KOPITYCKYJISIPHI BJIaCTUBOCTI.

(From http://physics.zfftt.kpi.ua/mod/book/view.php?id=299 &chapterid=57)
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Exercise 5. Read the following interesting pieces of information. Share
your opinion with your classmates

The largest wave ever recorded by humans measured 1,720 feet. It was triggered
by an earthquake that hit Alaska's Lituya Bay on July 9, 1958. It was the result of an
earthquake that hit Alaska's Lituya Bay on July 9, 1958. Two occupants of a small
fishing boat surfed that wave and survived to tell the story.

Most waves we see coming in from the horizon are a product of wind blowing
over large ocean areas.

The typical length of tsunami waves is about 100 times the depth.

(https://www.surfertoday.com/surfing/interesting-facts-about-waves)

Speaking

e Speak about wave propagation.
e Speak about different types and features of waves.

e Speak about James Clerk Maxwell, Thomas Young, Hendrik Antoon

Lorentz.
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