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INEPEIMOBA

Hapuanpauii mociOHMK yKIageHWd aisi CTyAeHTiB 1-5 Kypcis
Hanpsmy 6.040204 “Tlpuknagna ¢izuka”. HaBuanbHUME IporpaMamu 3
1HO3¢MHOI MOBH IIepel0aueHO BHUBUYCHHS CTYICHTAMH ITSITH KypCiB
Harpamy “Tlpuknagna ¢isuka” TeMm, MO BKIIOYEHI [0 3MiCTY
HaByaJbHOTO MociOHMKa, a came: “Komm’torepn”, “di3zuka. Mexanika.
Kinemaruka. Cratuka”, “/lmramika. 3akonn HproTtoHa”, “MosexymspHa
¢izuka 1 TepMmonauHamika”, “Enekrpuka 1 MarHetusm”, “Onrtuka”,
“KBanToBa (izuka. AtomHa dizuka”, “Anepna ¢izuxa”’, “Hanoctpykrypu
Ta HaHoTexHouyorii”, “HaykoBa w™oBa”, “HaykoBi koH{epeHTii”,
“TIpogeciiine criinkyBanss” Ta “HaykoBuii i TexHIUHMI niepekiag. Mosa
HAYKOBHX JIOCII/IPKEHD .

OcHoBHa MeTa HaBYAJBHOTO TOCIOHMKAa — HABYMTH MaWOYTHIX
(i3MKiB OCHOBaM MPOQECIHHOrO CIUIKYBaHHS aHIJIIHCHKOIO MOBOIO.
ABTOpY TakoX CTaBWIIM Tepes coOO00 3aBIaHHS PO3BUHYTH Yy CTYICHTIB
CTIKI HABHYKM YHWTaHHS, NEpeKiIany, aHOTyBaHHs, pedepyBaHHS
TEXHIYHOI JITEpPaTypH 3 METOK OTPHUMAHHS 1 BUKOPUCTaHHS iH(pOpMallii,
Heo0X1MHOT st TpodeciiHol TiSITBHOCTI.

I'pamaTruHi BnpaBu OXOIUTIOIOTH Taki rpaMaTtuyHi kareropii: Nouns,
Articles, Adjectives, Adverbs, Numerals, Verb Tenses, Passive Voice,
Indirect  Constructions, Infinitive, Gerund, Participle, Modals,
Conditionals, Formal and Informal Styles of Writing.

HasBHICTH CIUCKIB TEPMiHIB JJO KOKHOI TEMH JIOTIOMArae CTyACHTaM
Kpallle OBOJIOMITH JEKCHYHHM MaTepiaJioM Ta Ja€ 3MOTY DPO3LIMPUTH
CIIOBHUKOBMM 3amac. TemaTHyHMH MaTepial KOXKHOTO — MOZIYJIS
3aKPIIUIIOETHCS. CUCTEMOIO BIIPAB, AKi JO3BOJIAIOTH MPALFOBATH OKPEMO 3
JIEKCUYHUMH OJIMHHUIISIMHU, 31 CIIOBOCIIONYYCHHSMH, PEUCHHSMH Ta 3
TEKCTOM 1 SKi pO3MOAUIAIOTBCA 3a piBHeM ckiamHocTi. Cepen
3alpONOHOBAHUX HABUYAIPHUX MAaTepialiB MiAPYYHHK MICTUTh TaKOX
3aBJaHHS KOMYHIKATHBHOI CIIPSIMOBAHOCTI 3 BUKOPHCTAHHIM CYYacCHHX
IHTEPaKTUBHUX TEXHOJIOTIH: POJILOBI irpH, “MO3KOBHUI ITYpM”, poboTa y
mapax, rpynax, HiIrOTOBKa TMpe3eHTAlllii Ta TBOPYI 3aBAAaHHS, IO
CIPHAIOTH aKTUBI3aLil podoTH cTyaeHTiB. HaykoBi Ta npodeciiiti TekcTr
miiopaHi 3 OpUTiHAIBHOI JIITEpaTypH 3 ypaxyBaHHsIM (axy CTy/IEHTIB.

3acBOEHHSI JISKCHYHOTO Ta TPAMaTHYHOIO  MaTepialy JIOIOMOXKE
CTY/ZICHTOBI OpIEHTYBAaTHUCS B aHTJIOMOBHINM JjiTeparypi (axoBoro
CTIpsIMyBaHHsI, OpaTH y4acTh y MDKHAPOIHUX KOH(epeHIIisiX.
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Unit 2. Inertia, Mass and Weight. Newton’s First Law.

Active vocabulary

B~ WOWN -

©O© oo ~NOo Ol

10

11.
12.
13.
14.
15.
16.
17.
18.

19.
20.

21
22
23
24
25
26

. Acceleration [ok sela'rerf(s)n]
. Applied force [a'plaid'fo:s]

. Axis ['&ksis] (pl. axes)

. Centripetal acceleration

[sen'triprtl ok sela'rerfon]

. Constant velocity ['konstont vr'losati]

. Direction [d(a)r'rekf(a)n]

. External force [1k'st3:nal'fo:s]

. Inertia [I'n3f5]

. Inertial reference frame [1'n3fal refarons'freim)]

Inertial frame of reference

. (To) interact [ intor'aekt]

Isolated [‘arsalertid]

Law of inertia [lo: ov 1'n3;[5]

Mass [mas]

(To) measure ['me3o]

Motionless ['moauf(a)nlis]

Moving object ['mu:viy'obdsekt]
Newton’s law ['nju:t(o)nz lo:]
Non-inertial reference frame
[nonr'ns:fal reforons'frerm]
Property ['propati]

(To) observe [ab'z3:v]

. (To) quantify ['kwontifar]

. Quantity ['kwontiti]

. Reference frame [ ref(o)rons 'frerm]
. (To) resist [rr'zist]

. Rotational motion [rau'terfanal'maufon]
. (To) weigh [wer]

Pre-reading task (discussion)

Exercise 14. Answer the following questions.

1.
2.

What is Newton famous for?
When and where did Newton live?

MPUCKOPCHHS
MpUKIIaIcHA CUJIa

BiCh

JIOLICHTPOBE
TIPUCKOPEHHS

MTOCTIHA MIBUAKICTH
HaTPSIMOK

30BHIIITHS CHITA
iHepIis, cua iHepIil
iHepIiajbHa cucTemMa
BIJUTIKY

B3aEMO/IISATH
130JIbOBaHUMN

3aKOH 1Hepuii

Maca

BHAMIpIOBATH
HEPYXOMHUH

00’€KT, 0 PyXa€eThCS
3akoH HeroToHa
HeiHepIiaJbHa CUCTeMa
BIJUTIKY

BIIACTHUBICTb, SIKICTh
criocTepiratu
BHU3HAYATH KIJTBKICTh
KUTbKICTh, BEJTUUHMHA
cucTeMa BiJUTIKY
MPOTUCTOSITH, POTHIISTH
obepranbHuil pyx
Ba)KUTH, 3BKYBaTH(Cs)

3. What contribution into dynamics did Newton make?
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Reading

Exercise 15. Read and translate the text. Pay attention to pronunciation

of Isaac Newton ['auzak 'nju.tan].

NEWTON’'SFIRST LAW OF
MOTION AND INERTIAL FRAME

We begin our study of forces by
imagining some situations. Imagine
placing a puck on a perfectly level air
hockey table. You expect that it will
remain where it is placed. Now imagine
your air hockey table is located on a
train moving with constant velocity. If
the puck is placed on the table, the puck
again remains where it is placed. If the
train accelerates, the puck would start
moving along the table.

A moving object can be observed
from any number of reference frames.
Newton's first law of motion, sometimes
called the law of inertia, defines a
special set of reference frames called
inertial frames. This law can be stated as
follows: If an object does not interact
with other objects, it is possible to
identify a reference frame in which the
object has zero acceleration.

Such a reference frame is called an
inertial frame of reference. When the
puck is on the air hockey table located
on the ground, you are observing it from

I saac Newton (1642-1727)
English physicist

Isaac Newton was one

of the most brilliant

scientists in history. Before

the age of 30, he formulated

the basic concepts and laws

of mechanics, discovered
the law of universal
gravitation, and invented

the mathematical methods
of calculus. Newton was
able to explain the motions
of the planets, the ebb and
flow of the tides, and many
special features of the
motions of the Moon and
the  Earth. He also
interpreted observations
concerning the nature of
light.

an inertial reference frame — there are no horizontal interactions of
the puck with any other objects and you observe it to have zero
acceleration in that direction. When you are on the train moving at
constant velocity, you are also observing the puck from an inertial
reference frame. Any reference frame that moves with constant velocity
relative to an inertial frame is itself an inertial frame. When the train
accelerates, however, you are observing the puck from a non-inertial
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reference frame because you and the train are accelerating relative to the
inertial reference frame of the surface of the Earth. While the puck
appears to be accelerating according to your observations, we can
identify a reference frame in which the puck has zero acceleration. For
example, an observer standing outside the train on the ground sees the
puck moving with the same velocity as the train had before it started to
accelerate.

A reference frame that moves with constant velocity relative to the
distant stars is the best approximation of an inertial frame. The Earth is
not really an inertial frame because of its orbital motion around the Sun
and its rotational motion around its own axis, both of which result in
centripetal accelerations. These accelerations are small compared with g
and can often be neglected. For this reason, we assume that the Earth is
an inertial frame, as is any other frame attached to it.

Let us assume that we are observing an object from an inertial
reference frame, so we can give a practical statement of Newton’s first
law of motion: In the absence of external forces, when viewed from an
inertial reference frame, an object at rest remains at rest and an object in
motion continues in motion with a constant velocity.

In simpler terms, Newton’s first law states: when no force acts on
an object, or if the total force on an object is zero, its center of mass
continues in the same state of motion (and the acceleration of the object
is zero). If nothing acts to change the object’s motion, then its velocity
does not change. From the first law, we conclude that any isolated
object (that does not interact with its environment) is either at rest or
moving with constant velocity. The tendency of an object to resist any
attempt to change its velocity is called inertia (from ‘Physics for
Scientists and Engineers’).

Exercise 16. Trand ate the following phrasesinto English.

. TIOTSIT, 10 PYXAETHCS 3 MOCTIHHOIO MBUAKICTIO

. maiiba, po3mMilieHa Ha CTOJ

. B3a€EMOJIIATH 3 IHIIMMHU 00’ €KTaMH

. MOXKJTUBO BU3HAYUTH CUCTEMY BiJTIKY

. HyJIbOBE MIPUCKOPEHHS

. BH CTIOCTepiraere ii 3 iHepiaabHOI CHCTEMH BIIUTIKY

. PYXaTHCh 3 TOCTIHHOK MBUAKICTIO BIAHOCHO iHEPIIaIbHOI CUCTEMHU
. BU 1 TIOTAT MPUCKOPIOETECH BiIHOCHO 1HEPIIAIbHOT CUCTEMHU BiJITIKY
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9. criocTepirady, sIKA CTOITH 330BHI TOTSTY

10. manexi 3ipku

11. mafikpare HaOIMKCHHS

12. pyx o opOiTi (opOiTAIEHAN PYX)

13. obepranbHuil pyx HaBKOJIO CBOET Oci

14. obuaBa NpU3BOAATH 10 AOLEHTPOBOTO IPUCKOPECHHS
15. gacTo MOKHA 3HEXTYBAaTH

16. pu BiJICYTHOCTI 30BHIIIHIX CHJI

Exercise 17. Answer the questions to the text.

1. What is another name for Newton’s first law of motion?
2. State Newton’s first law of motion.

3. What is an inertial reference frame? Give an example.
4. What is an isolated object?

5. What is inertia?

Exercise 18. Read and trand ate the text bel ow.
INERTIA, MASSAND WEIGHT

Newton's first law of motion states: An object at rest stays at rest and
an object in motion stays in motion with the same speed and in the same
direction unless acted upon by an unbalanced force. It is the natural
tendency of objects to resist changes in their state of motion which is
called inertia. So, inertia is the resistance an object has to a change in its
state of motion.

All objects resist changes in their state of motion. All objects have
this tendency — they have inertia. But some objects have more of a
tendency to resist changes than others. The tendency of an object to
resist changes in its state of motion varies with mass. Mass is dependent
upon the inertia of an object. The more inertia an object has, the more
mass it has. A more massive object has a greater tendency to resist
changes in its state of motion. Suppose that there are two seemingly
identical bricks at rest on the table. But one brick consists of mortar and
the other brick consists of Styrofoam. If you don’t lift the bricks, you
cannot tell which brick is the Styrofoam brick. You can give the bricks
an identical push in an effort to change their state of motion. The brick
that offers the least resistance is the brick with the least inertia — and
therefore the brick with the least mass.
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Imagine playing with either a basketball or a bowling ball. Which
ball is more likely to keep moving when you try to catch it? Which ball
has the greater tendency to remain motionless when you try to throw it?
The bowling ball is more resistant to changes in its velocity than the
basketball.

Mass is that property of an object that specifies how much resistance
an object exhibits to changes in its velocity. Mass is the quantity of
matter in an object. Mass is also the measure of inertia of an object. The
Sl unit of mass is the kilogram. The greater the mass of an object, the
less that object accelerates under the action of a given applied force.
Mass is a property of an object and is independent of the object’s
surroundings and the method used to measure it. Mass is a scalar quantity.

Mass should not be confused with weight. Mass and weight are two
different quantities. The SI unit of weight is the Newton. People
commonly refer to the kilogram as a unit of weight, but the kilogram is
a unit of mass, not weight.

The weight of an object is equal to the magnitude of the gravitational
force exerted on the object and it varies with location. For example, a
person who weighs 180 Ib on the Earth weighs only about 30 Ib on the
Moon. On the other hand, the mass of an object is the same everywhere:
an object having a mass of 2 kg on the Earth also has a mass of 2 kg on
the Moon. Mass and weight are proportional to each other in a given
place. Objects with great mass have great weight; objects with little
mass have little weight (from*“ Physics for Scientists and Engineers’).

Exercise 19. Review the digtinction between mass and weight and circle
the correct answer below.

1. Mass/ Weight is the quantity of matter in an object.

2. Mass/ Weight is a measure of the gravitational force acting on an object.
3. Masy Weight is measured in kilograms.

4. The more masy/ weight the object has, the greater its inertia.

5. Mass/ Weight is measured in Newtons.

6. Mass/ Weight depends on an object’s location, whereas mass/ weight
does not.

7. A stone has the same mass/ weight on the Earth and on the surface of
the Moon, but its mass/ weight is different.

8. Mass/ Weight is a measure of the amount of matter in an object and it
only depends on the number and kind of atoms that compose it.
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Exercise 20.Match each phrase with the correct word.

1. traditional unit of weight in the USA a) kilogram
2. measure of matter in most parts of the world b) mass

3. Sl unit of mass ¢) pound

4. Sl unit of force d) newton

Exercise 21. Which of the following statements about inertia, mass and
weight are true? Circle the numbers of seven correct statements.

1. Inertia is a force.

2. All objects have inertia.

3. Fast-moving objects have more inertia than slow-moving objects.

4. The standard metric unit of mass is the kilogram.

5. Mass depends on how much stuff is present in an object.

6. The mass of an object is variable and dependent upon its location.

7. The weight of an object is dependent upon the value of the
acceleration of gravity.

8. Weight refers to a force experienced by an object.

9. The weight of an object would be less on the Moon than on the Earth.

10. The weight of an object can be measured in kilograms.

Exercise 22. Answer the questions.

1. Describe the property of inertia in your own words.

2. What is mass? What is the Sl unit of mass?

3. What is the relationship between the mass of an object and its
acceleration under the action of a given applied force?

4. What is weight? What is the Sl unit of weight?

5. What are the differences of weight and mass?

Grammar. Revision (all, another, other, each, every, neither, both).
Exercise 23. Compl ete the text with the words in the box.
beth other other another another
both neither every all each
WEIGHT, MASSAND INERTIA
What is the difference between mass and weight? It is confusing and
people often think * both words mean the same thing, but to an
astronomer or a physicist > concept is completely different.
What is weight? ° object in the universe attracts
objects. The attraction depends on the size of the objects
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and the distance between them. This attraction is called gravity. Weight
is the effect of the Earth’s gravity on objects on its surface. If you weigh
70 kg, that is the result of the earth gravity on your body, but on
planet of a different size your weight would be different.
What is mass? ° objects have a quality called ‘inertia’.
Mass is a measure of how much inertia an object has. Imagine you are
an astronaut floating in space with ’ astronaut. In space
8 of you would be weightless but ° of you
would be mass-less. If you wanted to move the
astronaut, you would have to push him to get him going and pull him to
make him stop. A body in space has inertia, and therefore mass, but it
has no weight.

Grammar . Passive Voice.

Exercise 24. Rewrite the sentences in Passive Voice.

1. Somebody stole my bag in the shop. 2. The police have arrested three
men. 3. The bill includes service. 4. People don’t use this road very
often. 5. They cancelled all flights because of fog. 6. Someone has
accused me of stealing the money. 7. | didn’t realize that someone was
recording our conversation. 8. They have changed the date of general
meeting. 9. Brian told me that somebody had attacked and robbed him
in the street. 10. Van Gogh painted “Sunflowers”. 11. The government
will introduce new measures against crime. 12. They killed elephants for
ivory. 13. They check passports at Passport Control.

Exercise 25. Put the verbsin brackets into the correct Passive form.
Professor Higgins, who ? was awarded (to award) a major science
prize last month, ? (toinvite) to take part in a conference
which ¥ (to hold) in London last week. He ¥
(to meet) at the airport by a driver who, unfortunately
(to give) the name of the wrong hotel to take the professor to. A large
reception © (to organize) for the professor, and at least
200 eminent scientists ” (to invite) to meet him that
evening. The poor professor, however, (to leave) at
a small hotel in a rather bad area, and when he asked to speak to the
Head of the Conference Committee he ¥ (to tell) to
try somewhere else because he *© (not/hear of) there.
Luckily, later that evening, the driver ™V (to send) to
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the hotel where the reception *? (to hold), and when
he ¥ (to ask) what he had done with the professor,
everyone realized that a mistake *¥ (to make).

Exercise 26. Rewrite the following passages in the Passive.

1. Our apartment-block is starting a new scheme. We will collect all
the old newspapers and tin cans. We will put them in a special
container. When the container is full, the council will collect it. They
will take it to a factory. The factory will recycle the newspapers and
cans into something new. — A new scheme...

2. James Cameron wrote and directed the hit science fiction film
Avatar. 20" Century Fox released the film in 2009. Most critics gave the
film excellent reviews. The film impressed the public, too. Within 3
weeks of its release, Avatar had made over 1 billion dollars at the box
office! Cameron will make two sequels. He has already asked the same
actors to star in the sequels. - The hit science fiction film *Avatar’ ...

Speaking
Exercise 27. In pairs, give definitions to the following terms.

Student A: mass, inertia, kilogram, inertial frame of reference.
Student B: weight, newton, constant velocity, law of inertia.

Writing

Exercise 28. Trandate the sentences into English using active vocabulary.

1. Inepuis — 1e sBHIE 30EpEKESHHsI CTaHY CIIOKOIO ab0 PiBHOMIPHOIO
OPSMOJIIHIHOrO pyXy TIJIOM, KOJM 30BHILIHIA BIUIMB BiACYTHii a0o
KOMIIEHCY€ETbCs. 2. [IpsiMoniHiiiHui 1 piIBHOMIpHUH pyX BUIBHOTO Tijia B
IHEpLiaJbHI CHUCTeMI BIIIIKY Ha3HMBAlOTh PYXOM 3a IHEPIE, a
nepmuii 3akoH Hprorona — 3akonHom iHepiii. 3. Ilepmmit 3akoH
HrroToHa MOkHA BUPAa3UTH HACTYITHUM YHHOM: KOJIM HisIKi Tijla YU CHITU
HE JIIOTh Ha TiJ0, a00 TXHS i CKOMIICHCOBaHA, BOHO 3HAXOJUTHCS Y
CTaHi CroKoto abo piBHOMIpHOTO MpsSIMOIIiHIIHOTO pyXy. 4. Tino, Ha ke
He IIFOTH 1HIN TLIA 4M most, a0o iXHi il CKOMIIEHCOBaHI, Ha3UBAaIOTh
i30mpoBaHUMU Tinamu. 5. CUCTeMH BimJiKy, B SKHX 130JbOBaHE TLIO
nepeOyBae y CTaHi COKOI0 ab0 pyXaeThCsl pPIBHOMIPHO 1 MPSAMOJIiHIHHO,
HA3WBAIOTHCS iHEpIlAILHUMU CcHcTeMaMH Bimiiky. 6. B ocHoBi
JUHAMIKH JIe)KaTh TPU 3aKOHW HBIOTOHA, SIKi € OCHOBHMMH 3aKOHAMH
KJIACUYHOT MEXaHIKH.
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Unit 3. Newton’s Second and Third Laws of Motion.

Active vocabulary
1. (To) apply [o'pla1]
2. Approximately [s'proksimatli]
3. (To) balance ['beelons]
4. (To) be at rest [rest]
5. Binomial theorem
[bar'noumial'O1orom]
6. Differential calculus
[ difa'renfal keelkjulas]
7. Directly proportional
[d(a)r'rektlr pro'po:fanal]
8. (To) double ['dabl]
9. Downward ['daunwad]
10. Frictionless surface ['frik fonlos's3:fis]
11. (To) increase [in'kri:s]
12. Inversely proportional
['in'v3:sh pra'pa:fanal]

13. Integral calculus ['mtigral’keelkjulos]
14. Non-inertial frame of reference
[nonr'n3;fal'fremm ov'ref(a)roans]

15. Reaction force [ri'aekfon'fa:s]
16. Rotation [rou'terf(a)n]

17. Subscript ['sab, skript]

18. (To) triple ['tripl]

19. (To) undergo [ anda'gou]
20. Upward force ['apwad'fa:s]
21. Value ['veelju:]

Reading

NPUKIIaAaTH, 32CTOCOBYBaTH
puOIU3HO

OayaHcyBaTH, 3piBHOBa)KyBaTH
3HaXOJUTHUChH y CTaHI CIIOKOIO
oigoM HeroTona,
Teopema
mudepeHIiagbHe YHCICHHS

TPSMO TIPOTIOPIIHHIH

MOJIBOIOBATH
BHU3

MOBEpXHs1 0e3 TepTs
3pocTaty, 301Ib1ryBaTH(cs)
00epHEeHO PONOPLIHHHI

IHTErpaibHE YUCICHHS
HeiHepIlialbHa CHCTEMA BiUTIKY

CHIIa peaxilii, MpoTHIiiiHa Cria
obepTaHHA

HIDKHIN 1HIEKC

MTOTPOIOBATH

3a3HaBaTH, IMi11aBaTUCS
MiIHOMHA CHIIa

BEJIMYNHA, 3HAYECHHS

Exercise 29. Read and translate the text bel ow.
NEWTON'SSECOND AND THIRD LAWS

OiHOMIiaJbHA

Newton’s first law explains what happens to an object when no
forces act on it. It either remains at rest or moves in a straight line with
constant velocity. Newton’s second law answers the question of what
happens to an object that has nonzero resultant force acting on it.

Imagine performing an experiment in which you push a block of ice
across a frictionless horizontal surface. When you exert some horizontal
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force on the block, it moves with some acceleration. If you apply a force
twice as great, you find that the acceleration of the block doubles. If you
increase the applied force to 3, the acceleration triples, and so on. From
such observations, we conclude that the acceleration of an object is
directly proportional to the force acting on it.

The acceleration of an object also depends on its mass. We can
understand this by considering the following experiment. If you apply a
force F to a block of ice on a frictionless surface, the block undergoes
some acceleration a. If the mass of the block is doubled, the same
applied force produces acceleration a/2. If the mass is tripled, the same
applied force produces acceleration a/3, and so on. According to this
observation, we conclude that the magnitude of the acceleration of an
object is inversely proportional to its mass.

These observations are summarized in Newton's second law: When
viewed from an inertial reference frame, the acceleration of an
object is directly proportional to the net (total) force acting on it
and inver sely proportional toits mass.

Thus, we can relate mass, acceleration, and force through the
following mathematical statement of Newton’s second law:a=F, /m

The SI unit of force is the newton, which is defined as the force that,
when acting on an object of mass 1 kg, produces an acceleration of 1
m/s®. From this definition and Newton’s second law, we see that the
newton can be expressed in terms of the fundamental units of mass,
length, and time: 1 N=1 kgxm/s?. In the U.S. customary system, the unit
of force is the pound.

If you press against a corner of the book with your fingertip, the
book pushes back and makes a small dent in your skin. If you push
harder, the book does the same and the dent in your skin is a little larger.
This simple experiment illustrates a general principle of Newton’'s third
law: If two objects interact, the force Fi, exerted by object 1 on
object 2 isequal in magnitude and opposite in direction to the force
F,; exerted by object 2 on object 1.

When it is important to designate forces as interactions between two
objects, we will use this subscript notation, where F,, means “the force
exerted by a on b.” The third law is equivalent to stating that forces
always occur in pairs, or that a single isolated force cannot exist. The
force that object 1 exerts on object 2 may be called the action force and
the force of object 2 on object 1 the reaction force. In reality, either
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force can be labeled the action or reaction force. The action force is
equal in magnitude to the reaction force and opposite in direction.

You experience the third law directly if you slam your fist against a wall
or kick a foothall with your bare foot. You can feel the force back on your
fist or your foot. The Earth exerts a gravitational force Fg4 on any object. If
the object is a computer monitor at rest on a table, the reaction force to
F¢=Fen is the force exerted by the monitor on the Earth Fg = - Fey. The
monitor does not accelerate because it is held up by the table. The table
exerts on the monitor an upward force n = Fy,, called the normal force.
This is the force that prevents the monitor from falling through the table.
The normal force balances the gravitational force on the monitor, so that the
net force on the monitor is zero (from “Physics for Scientists and
Engineers’).

Exercise 30. Look for the English equivalents for the phrasesin the text.
Bin (06 'exm) ab0 3amMIIAETBCS y CTaHi CIIOKOKO, a00 PYXa€eThCsl B3IOBXK
TIPSIMO] JTiHIi; Yepe3 TOPU3OHTAIBHY MOBEPXHIO 0€3 TepTs, pyXaTHucs 3
SIKHMCh TIPUCKOPEHHSM; SIKIO BH 3aCTOCOBYETE BABIUI OUTBIIY CHIIY;
piBHOIIIHA CHUJIa, IO Ji€ HA HBOTO (00 ‘€Kkm); PO3TISIAI0YN HACTYITHUHA
eKCIICpUMEHT;  BEJIMYMHA  TNPHCKOpEeHHS  o0’ekta  0OepHEHO
MPOTOPIiHHA; MITOBXaTH (HATHCKATH) CHJIBHIIIE; PIBHUAN 32 3HAYCHHSIM
1 IPOTUIIEKHUHN 32 HAPSMKOM; CHJIa, 3 IKOI0 00’€KT 1 1i€ Ha 00 eKT 2.

Exercise 31. Answer the questions.

1. State Newton’s second law.

2. What does the acceleration of an object depend on?
3. Explain Newton’s second law using your examples.
4. Explain Newton’s third law using your examples.
5. What is the Sl unit of force?

Exercise 32. Circle the correct answer.

1. Every action or force upon an object must have an equal and ___ reaction.
a) measurable b) complete C) opposite d) correct
2. In a vacuum, you throw a baseball. It travels at the

forever due to .

a) initial velocity, inertia d) initial acceleration, inertia
b) initial velocity, gravity e) initial acceleration, gravity
c) gravitational constant velocity, inertia
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3. When a box rests on the floor, it is acted upon by the gravitational
and the force.

a) friction b) acceleration ¢) normal d) inertia
4. According to Newton, force is equal to mass multiplied by
a) velocity b) acceleration ¢) momentum d) speed

Exercise 33. Read and trand ate the text bel ow.
INERTIAL AND NON-INERTIAL REFERENCE FRAMES

You’re driving in your pickup truck, on your way to deliver a bowling
ball. The ball is in the back of the truck. Then you have to slow down
because a stop sign is coming up. As you brake, you see the ball
accelerating toward you. Did some mysterious force push it forward? No,
it only seems that way because you and the car are slowing down. The
ball is obeying Newton’s first law, and as it continues at constant velocity
it gets ahead relative to the slowing truck. No forces are acting on it. The
ball only appeared to violate Newton’s first law because there was
something wrong with your frame of reference, which was based on the
truck. In a frame of reference that moves with the truck, the bowling ball
appears to violate Newton's first law by accelerating despite having no
horizontal forces on it (Fig. 3.3a). In an inertial frame of reference,

which the surface of the earth
E] approximately is, the bowling ball obeys
Newton's first law. It moves equal
distances in equal time intervals, i.e.
maintains constant velocity. In this frame
of reference, it is the truck that appears to
have a change in velocity, which makes

a b sense, since the road is making a
Fig. 3.3. Moving and horizontal force on it (Fig. 3.3b).

inertial frames of The reason why Newton’s laws fail in

references the truck’s frame of reference is not

because the truck is moving but because
it is accelerating. Newton’s laws were working fine in the moving
truck’s frame of reference as long as the truck was moving at constant
velocity. It was only when its speed changed that there was a problem.
How, then, are we to tell which frames are accelerating and which are
not? The way to settle such a dispute is to examine the motion of some
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object, such as the bowling ball, which we know has zero total force on
it. Any frame of reference in which the ball appears to obey Newton’s
first law is then a valid frame of reference.

Valid frames of reference, in which Newton’s laws are obeyed, are
called inertial frames of reference. Frames of reference that are not
inertial are called non-inertial frames. In those frames, objects violate
the principle of inertia and Newton’s laws. While the truck was moving
at constant velocity, both it and the sidewalk were valid inertial frames.
The truck became an invalid frame of reference when it began changing
its velocity.

Thus, a frame of reference that remains at rest or moves with
constant velocity with respect to other frames of reference is called
inertial frame of reference. It is actually a non-accelerating frame of
reference. Newton's laws of motion and all the fundamental laws of
mechanics are valid in all inertial frames of reference.

A frame of reference which is accelerating is called non-inertial
frame of reference. In this reference frame the observers are undergoing
some accelerating force, such as gravity or a mechanical acceleration.
Newton’s laws of motion are no longer valid in non-inertial frames of
reference (from‘ Newtonian Physics)).

Exercise 34. Read the statements and identify the difference between
inertial and non-inertial reference frames. Tick (v') in the appropriate
column.

Inertial Non-inertial

Statement reference reference
frame frame
1. is accelerating.
2. isatrest or moves with constant velocity with

respect to other frames of reference.

3. The law of inertia is obeyed in

4.1n , objects violate the principle of inertia
and Newton’s laws.

5. Newton's Second Law is true in

6. In a particle (body) is free from external
forces and moves at constant velocity.

7. If a person is observing a moving car while at rest
or while moving at constant velocity, he is in
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Video watching ‘ Sir 1saac Newton Biography’ (Video 3.1)

Exercise 35. Watch the video extract and answer the questions.
1. What was Sir Isaac Newton? What did he do?

2. What does the first law state?

3. What does the second law state?

4. What does the third law state?

5. What did Newton invent?

6. What theory did he devise?

Exercise 36. Complete some notes from the video extract using no more

than three words. Watch the video again and check your answers.

1. Much of classical mechanics of the set of physical laws describing the
and the force are laid out on the Newton’s

mathematical principles of philosophy
published in .

2. The first law, or the , States that an object at
rest will , and an object in motion will

unless acted upon by an

3. The second law states that acceleration is produced when an
acts on a mass.
4. Newton’s third law of motion states that for every action there is an
and :
5. The theory was based on the observation that a prism breaks down
into many visible colours.
6. Newton is attributed with the development of
calculus as well as he generalized

Speaking
Exercise 37. Make a list of Newton's contribution into physics
generalizing video extract above. Discuss it with your group.

Exercise 38. Define the following terms.

Upward force Inertial reference frame To be at rest
Reaction force Non-inertial reference frame  Acceleration
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Grammar . Passive Voice.

Exercise 39 . Complete the text with the past simple form of the verbsin
the box below. Use active or passive voice according to the context

die change move study design live
publish produce provide bear use
Sir Isaac Newton: scientist and mathematician
Isaac Newton on December 25, 1642 in Woolsthorpe,
near Grantham in Lincolnshire, England. He was born in the same year
that Galileo . Newton is probably the most important
scientist in history. His work on mathematics and physics
a basis for modern science, and his ideas the world.
Newton’s works in two books, Optiks and Principia.

These contained his laws of motion and gravity. These laws
to predict the movements of stars, and the planets around

the Sun. Newton also and built the world’s first
reflecting telescope.

Newton at Trinity College, Cambridge, from 1661 to
1696. In this period, most of his important work . Then,
in 1696, he to London, where he until his

death on March 20, 1727.

Exercise 40. Rewrite the following passage in the passive.

James Fitt witnessed a horrific plane crash last night. The fire
brigade fought the wreckage fire while ambulance men rescued
surviving passengers. Ambulances took all the survivors to hospital. No
one knows yet what caused the plane to crash. Newspapers and TV
reporters have already interviewed many of the survivors. The Civil
Aviation Authority has launched a full investigation. They say that
someone may have seen the accident happen. They hope that the
aircraft’s “black box” will provide the vital information but they haven’t
found it yet. They are continuing the search. — A horrific plane crash ...

Exercise 41. Use Passive or Active according to the context.

1. The driver (go) too fast when he hit the man.

2. We hope that the missing money (find) soon. 3. A

new bridge (build) at the moment. 4. When she

discovered that Tom (eat) all the biscuits she got very

angry. 5. It’s no use trying — you (waste) your time. 6. A
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lot of money (spend) on weapons nowadays. 7. Too
many offices (build) in London every year. 8. The
president (give) a speech next Monday.

Exercise 42. Trand ate the sentences into English using Passive voice.

1. Woro Buopa mize He Gaummu. 2. [loxexa posmouanacst BHOWI, i
BOTOHb OYyJIO BUAHO 37aJieKy. 3. MicTO, B IKOMY BiH HapOIHUBCs, 0YyJI0
3acHoBaHe 1e B 16 cromitri. 4. Konmm s yBilimoB, Ha 300pax
0OroBOPIOBAIM Jy’Ke BaXJIMBE MHTAHHS. MOro Bike OOGrOBOPIOBAIH
NPOTATOM TOJWHHM. 5. 32 MaIIMHOKO BiJIIPaBIISATh, IIOWHO BOHHU CKIIAyTh
pedi. 6. Moro mpomoBa Ha 360pax Gyj1a TaKoIO SICKPAaBOIO, IO MPO Hel
0araTo roBopATh 10 LKOr0O Yacy. 7. BoHa myxe cymiliHHA JTI0OIUHA, TOMY
Ha Hel MOXHa 3aBXAau mnoknactuca. 8. Ha mmx miteil 3amikaBieHo
MOJJMBHJINCH, KO BOHM 3’SBWIIMCH Yy 3aimi. 9. 31 MHOIO paHilie HiKOJIH
Tak He po3MoBsLIH. 10. IIpo mro icTOpit0 YacTo roBOPATH y HALIOMY
Oyaunky. 11. Ha Hei dyekanu Bke MiBroAWHH, KOJIM BOHA HApeIUTi
3’sBwiack. 12. Ha mro ropy pasiimie HikoiaM He migHiManuch. 13. Kuis
MOJINSAEThCA piukoro JIHinpo Ha JyiBwid 1 mpaBuii Oeperu. 14. I{poro
JIEKTOPA 3aBXIH CIYXaloTh JIy’Ke YBaKHO.

Writing

Exercise 43. Trandate the sentences into English using active vocabulary.
1. dpyrwii 3akoH HeroToHa MOXkHA c(HOPMYITIOBATH HACTYITHUM YHHOM:
MPUCKOPEHHS Tila MPSAMO MPOMOPINITHO CyMi BCIX CHJI, IO JIiIOTh Ha
TiNno, 1 obepHEHO mpomopuiiiHo #oro Maci. 2. HampsmMok BekTopy
NPUCKOPEHHS CHIBHAJa€e 3 HAMpPSIMKOM BEKTOPY PIBHOIIMHOT CHIIH.
3. 3akonn HproTOHa crmpaBemIHBI JHIIEe B iHEPIAIBHUX CHCTEMax
BimmiKky. 4. CucteMa BiJTiKy, IO PYXa€ThCs 3 MPUCKOPEHHIM BiTHOCHO
iHepIialbHOI ~ CHCTEMH  BIiJUIIKy, Ha3WBAa€TbCcA  HEIHEPLiaAIbHOIO
CUCTeMOIO BiiKy. 5. Tperiit 3akon HetoToHa QPOpMYyITIOIOTE Tak: Oy/Ib-
AKif nmii € piBHa W TPOTHJIEKHO CHpsMOBaHa mporuzis. 6. HeroToH
c(hopMyJIFOBaB OCHOBHI 3aKOHH KJIACHYHOI MEXaHiKH, BiJIKPUB 3aKOH
BCECBITHBOTO TSDKIHHS, pO3poOMB nudepeHmiaibHe Ta IHTErpaibHe
YHCIICHHS.

Exercise 44. Summarize the information given in units 2 and 3 under the
title ‘Newton's Life and Scientific Activity. Newton's Laws of Motion’.
Write a summary (10-15 sentences).
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