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UNIT4 —NEWTON’S THEORY OF GRAVITY

Stage 1 — Vocabulary

Stage I — Vocabulary I Newton’s Theory of Gravity

@ centre ['senta] 77
constant ['konstant] n
culminating ["kalmmertmn] a mathematician
diameter [dar'semits] n
formulation [,fo:mju’lerf(e)n] »
geographical [,dzis’gresfikal]

gravitation [,greevr'terf(a)n] »

optics [‘optiks] 7
orbit ["arbrt]

gravity [‘greeviti] n
integrate [‘inttigreit] v

[[maeBime’tif(e)n] »
mathematics [,meeB1'meetiks] #

physicist ["fizisist] n

principle [‘prinsapl] »

process ['preuses] #
proportional [pre'pa:f(a)nal] a
revolution [,reva’lu:f(e)n] n
symmetric(al) [si'metrik(al)] a

symmetry ['simitri] »

achieve [o'tfirv] v JocTHraTh

altitude ["seltitu:d] » BeIcOTa

apply [a'pla1] v pUMEHSITH

arise [o'ra1z] v (arose; arisen) BO3HHKATH,
MOSIBJIATHCS

assume [o'sjuim] v Opeanosararh, J0IMyCcKaTh
attract [o'treekt] v IpuTATHBATE

attraction [a'treek{(e)n] 7 TpPUTAKEHUE, TATOTCHUE
attribute ['zetribju:t] #» CBOMCTBO, MPU3HAK
balance ['bzelens] v OamaHCHpPOBATh; COXPAHATH
paBHOBECHE; YpaBHOBEUIHBATD

bring about [brig] v (brought) ocymecTBnsaTs
bring in [brip] v (brought) BEIABUTATE, BHOCHTE
(npednoscerue); BBOMUATH (HOGbIE UOCU)
calculus ['keelkjules] » HcuHcICHHE

centrifugal [sen'trifjug(e)l] a nenTpOOEIKHEI
colour ['knala] » mBer

composition [ ,kompa'zif(e)n] 7 cTpykTypa, cocran
converse ['konve:s] n 00paTHOE YTBEpKACHHE
curve [ka:v] # XpuBag (JTHHMS); Ayra

decrease [di:’kri:s] v yMmeHbInarh(cs)

directly [di'rektlt] adv npsMo, HEMOCPEICTBEHHO
elevation [,el'veif(e)n] a BEICOTA (HAO ypOGHEM
MOpS)

enable [1'ne1bl] v maBaTh BO3MOXKHOCTH
essentially [1'senf(a)l1] adv cyliecTBEHHEIM
00pa3oM; 1o CymiecTBy

exert [1g'ze:t] v HanpsAraTh (cuwibl)

experience [1ks'prarions] v HCIBITHIBATE
explain [1ks'plein] v 00BACHATE

extent [1ks'tent] » cTeneHs, Mepa

fall [fa:l] v (fell, fallen) mommmkaThes; magaTh
happen [‘heepen] v cIygaThes, AMETh MECTO
increase [mn’'kri:s] v BO3pacTarh, YBEIHIMBATE(CA)
indirectly [,indr'rektli] adv KOoCBeHHO
infinitesimal [,infinr'tesim(s)l] @ OeckoHEYHO
MaJIBIA

influence ['1nflusns] » BIHsAHHE,
(BO3)ACHCTBHE
inversely [1n've:sli] adv oOparHO
just [d3ast] adv 1) TouHO, KaK pa3, UIMEHHO;
2) TONLKO 4TO; 3) coBCceM, IIPOCcTo; 4) eflBa
latitude ['leetitu:d] # acmp., ceocp. mupoTa
lay [ler] v (laid) knmacTp; to lay down the law
— YCTAHABJIMBATH, (POPMYJIMPOBATH 3aKOH
net [net] g YUCTHIA, CYMMapHBIN;

net force — pe3ynsTHUpyromas crula
piece [pi:s] # 9acTh; OT/IEABHEIA IpeaAMeT
product ['prodakt] # Mam. IPOHU3BE/ICHHE
prove [pru:v] v JOKa3BIBATh
publish ['pablif] v nznarats
reach [ri:t[] v ocTHraTh, JOXOIUTEH
reduce [rr'dju:s] v TOHHKATH
region ['ri:d3zan] v obIacTh
responsible (for) [r1s’ponsebl] a
OTBETCTBCHHEBIH (32 umo-u.)
respectively [ris’pektivii] adv COOTBETCTBEHHO
rest [rest] # TIOKOH, OTHBIX;

at rest — B COCTOSIHUHA ITOKOSL
result in [r1'zAlt] v KOHYATBCS YeMm-., UMETh
pe3yIbTaTOM Y710-A., IPUBOIUTE K YeMy-I.
satellite ['szetolart] » cmyTHHK
state [stert] v u3narars, pOpMyIHpPOBATE
strength [strenB] » cuna
suggest [ sa'dzest] v Ipenmaratb
towards [te'wo:dz] prep (IO HANIPABIECHHIO) K
variable [*vesriabl] @ H3MEHYUBEIH,
HETIOCTOSTHHBIH, IIepeMeHHBII
vary ['veeori] v H3MEHITECSH
weigh [we1] v B3BEIINBATH, OIICHUBATH
weight [wert] # 1) Bec; 2) TsxecTh

take place — cny4arscs, IPOHCXOINTH
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UNIT 4 —NEWTON’S THEORY OF GRAVITY Stage I — Vocabulary

Task 1. Pay attention to ...

L Pay atiention to the stress of the following words.
a) symmetry ['simitri] — symmetric(al) [sr'metrik(al)];
finite [*famnart] — infinite ["inf(1)n1t]
b) decrease 1) » ['di:kri:s] ymensmenue; 2) v [di:'kriis] yMEeHBINATH(CsI)
increase 1) n ["inkri:s] Bo3pacTanue, pocT; yBeIHIeHHUE;
2) v [in'kriis] BO3pacTarh, YBETHUHBATH(CS ), pacTH

Read and translate the sentences. Pay special attention to the words in dark type.
1. The force of gravity decreases as the distance from the Earth increases.
2. If the length is increased from 3 to 5 metres, the increase is 2 metres. / If the length is
decreased from 5 to 3 metres, the decrease is 2 metres.

II. Pay attention to the following derivatives. Read and translate them.
attractive < attract — attraction;

calculus — calculate; Suffixes:
compose —» composition; -able v = a

develop — development; -ation/-(t)ion v — n
dimension — dimensional; aln—oa

direct — directly — indirectly; _ate 1 —> v

discovery < discover — discoverer; S

essential — essentially; iann—n

finite — infinite; -ic(al) n — a

formula — formulate — formulation; \istn = n

found — foundation; ity a—>n

gravitation — gravitational — gravitationally; [ive v — a

inverse — inversely; -y a —> adv

mass —» massive; -ment v — »
mathfmatics — mathematical — mathematically yv—>n
mathematician; Prefixes:
physics —> physicist; in- ‘the opposite of’ / ‘not’
predict — prediction; A fuller list of affixes is given on
proportion — proportional — proportionality; pp 9-13.

symmetry — symmetric(al);
universe — universal — universally; vary — variable

III. Pay attention to the compounds. Read and translate them.
two + dimensional = two-dimensional;
three + dimensional = three-dimensional

Pay attention to ‘noun + noun’ combinations. Read and translate.
the science revolution; a (general) physics theory; an (inverse) square law; an object weight;
a vector field

IV. Pay attention to the following international words. They are ofien called 'false friends of a
transilator’ as they can be translated in different ways.
balance ['baelens] v 1) banaHCHPOBATh; COXPAHSATH PABHOBECHE, OBITH B PABHOBECHH;
ypaBHOBeIHBaTh; 2) konebarbes (between); 3) moaBoauTEL HanaHe
constant ['konstent] 1) # ¢hu3., mam. TOCTOSHHAS (BeNHINHA), KOHCTAHTA; 2) ¢ 1) MOCTOAHHEIN;
HEW3MEHHBIH; 2) TBEPIbIi; BepHBIH (#oee u m.n.)
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UNIT 4 — NEWTON’S THEORY OF GRAVITY Stage 1 — Vocabulary

distance ['distens] # paccTosHEE, IIHHA, TACTAHIHA

figure ['fige] # 1) ¢purypa; Baernmnii By, o0ink, 006pas; 2) THYHOCTS, JIeATeNlb, Gurypa; 3)
n300paxKeHHe, KapTUHA; cTarys; 4) WLTIOCTPaIUs, PUCYHOK (8 KHu2e); THarpaMma, 9epTesk; 5)
2eom. puUrypa, tTeno; 6) nudpa; p/ (mubpossie) nanHvie; 7) pl apudmMeTHKa

general I ["dzen(e)r(e)l] a 1) obmuii, BceoOmmit; ob1ero xapaxkrepa; 2) MOBCEMECTHEIH; 3)
0OBIYHBIH; 4) TTaBHBIH, TCHEPATLHEIH

general Il ['dzen(e)r(e)l] n TeHepall; MOJKOBOAEI

principle [‘prinsepl] # 1) DpUHIKD; TPaBUIIO; 3aK0H; 2) IEPBONPHYAHA; IPHUHHA; HCTOYHHK; 3)
XuM. COCTABHAS YaCTh, IEMEHT; 4) IPHHLIUN YCTPOHCTBA (Mexanuzma, Mauiunst u m.n.); 5) pl
Hadala (HayKu)

product ["prodakt] 7 1) IpoayKT; HNPOIYKIHMS; H3MEITHE; 2) Pe3YIbTAT, IIOLRL; 3) Mam.
IIPOM3BEIEHNE; 4) XtM. IPOIYKTEI pEaKIIHH

region ['rizdzen] v 1) cTpaHa; Kpaif; 00macTe; okpyra; nepen. cepa; 2) peruon; paiion; 3) 30Ha,
nonoca; 4) cnoit (ammocgepot)

subject n ['sabdzikt] 1) n 1) Tema; npeamer pasroropa; 2) npeaMer, JACIHILIAHA; 3) 00BEKT,
npeamet (of); 4) cyObekT, 4enoBek; 5) epam. noaiexaiee

total [teutl] 1) » nienoe, cymma; utor; pe3ynbTat; 2) a 1) obnmii; Bech, HEbIi; CyMMapHBI; 2)
IOJIHBIH, a0CONIIOTHEIN; 3) TOTAIBHBIH

Translate the sentences. Pay special attention to the words in bold.

1. Isaac Newton was the culminating figure in the science revolution of the 17" century.

2. Newton’s three laws of motion are the basic principles of modern physics.

3. Newton was the first to begin the development of a general physics theory.

4. Isaac Newton began to develop the theory of gravity when he was 24 years old. Twenty
years later he returned to this subject.
Every particle attracts every other particle with a force which is directly proportional to the
product of the masses of the particles and inversely proportional to the square of the
distance between them.
The value of the constant G was not determined by Newton.
The region in which one body attracts another body is called a gravitational field.
A centrifugal force exactly balances the force of gravity.
If we observe an object moving with constant velocity along a straight line, then the total
force on it must be zero.

n

Do N o

=8V Pay attention to the phrasal verbs.
bring [brin] v (brought) mpUHOCHTE, IPHUBOIKUTE
bring about — ocymecTBisTh
bring in — BEIZIBUTaTh, BHOCHTH (Mpeodniodiceriye); BBOIUTE (HOGble UOeU)

lay [ler] v (laid) kmacTs
to lay against — npuknanrBaTh (4TO-JI. K YeMY-IL.)
to lay down — 1) cocTaBuTh (n1an); 2) 3aKknaapIBaTh (30anue, ocHosanue), 3) yCTaHABIHBATD,
YTBepxKAATh (YCrosus, npasuid, 3aKOHbL U H.1.)

result [rr'zalt] 1) n 1) pesynbrar, ucxom; 2) v:
result from — npoucxonuTs B pesyibTare (ve2o-1.); CIeA0BaTh, IPOUCTEKATH H3
result in — KOHYATBCA YeM-/I., AMETh PE3YJIBTATOM YMO-7., IPUBOIUTE (K Yemy-1.)

walk [wo:k] v XOHTh, UITH (TTEITKOM)
walk about / around — nporynmuBarbcs, MpoxXaxUBaTHCS
walk into — 1) Bxomuth (kyda-a.); 2) mpoHuKats (kyoa-1.); 3) yaaputkcs (000 ymo-1.); 4)
TETKO A0OuTHCS (pabomor )

81




UNIT 4 —NEWTON’S THEORY OF GRAVITY Stage I — Vocabulary

Choose the correct particle to complete the meaning of the sentence.

L

2.

6.
7.

Newton’s three laws of motion resulted (from / in) the formulation of the law of universal
gravitation.

Newton brought (about / in) the first main step in the process of development of a general
physics theory. Before Newton, people looked on the world as having the two dimensions in
which one can walk (about / into).

To prove that the up-and-down direction is symmetrical with the other two directions
Newton brought (about / in) gravitational forces.

In ‘Principia’ Newton laid (against / down) the law of Universal Gravitation.

The ST is entirely decimal, thanks to the same logical people who brought (about / in) the
French Revolution.

He was the first to walk (about / into) the laboratory.

If you lay the blue cloth (against / down) the green, both colours seem to change.

=& VI Pay attention to the following easily confused words.
a) among [a'man] prep cpemu (mpex u boaee npedomemos)

between [br'twi:n] prep Mexny (d8yx npedmenos)

b) discover [dis'kave] v OTKpBIBaTE, eNaTh (HAYYHOE) OTKPBITHE

open [‘sup(a)n] v OTKPBIBATE (4MO-JI. 3AKPLINOE)

¢) later ['lerts] adv. mozxe

latter ['leets] adv. mocnemuuit (M3 IBYX HA3BAHHEIX)

d) peace [pi:s] # 1) Mup; 2) CIOKOWCTBHE, THIIHHA

e)
f)
g)

h)

piece [pi:s] # 1) Kycok, 9acTh (LI€7I0T0); 2) OTAEIBHBIN IpeIMET

principal ['prin(t)sep(e)l] 1) n rnara, Ha4aIbHUK, JAPEKTOP; 2) @ TIABHBIH, OCHOBHOM
principle ['prinsepl] 7 NPHHIKIL, IPABUIO; 3aKOH

same [seim] pron TOT (Ke) CaMblif; OMH | TOT Ke; OJWHAKOBBIH; aHATOI HYHBIH
some [sAp] pron HEKOTOPOE KOIHMYECTRO, HECKOIBKO, HEKOTOPEIH

weigh [wer] v B3BeIIMBATE, OLICHHBATE

weight [wert] # 1) Bec; 2) TsDKeCThb

walk [wo:k] #/v mporyika / ryisiTh

work [we:k] n/v pabota / pabotaTs

Choose the correct word to complete the meaning of the sentence.

1.

(%)

oo

(Among / Between) Newton’s (principal / principle) discoveries are the composition of
white light, the formulation of the law of universal gravitation. Newton’s three laws of
motion are the basic (principals / principles) of modern physics. He also (discovered /
opened) the infinitesimal calculus.

Isaac Newton began to develop the theory of gravity when he was 24 years old. (Same /
Some) years (later / latter) he returned to this subject.

The attractive force (among / between) any two (peaces / pieces) of matter, i.e. material
bodies is called gravitation.

An object (weigh / weight) is not a fixed property of that object. Objects (weigh / weight)
more in (same / some) places than in others, depending on the local strength of gravity. It is
their mass that always stays the (same / some).

Physics can be divided into two great branches, theoretical and experimental. The (later /
latier) is the science of making observations and conducting experiments.

A body is a separate (peace / piece) of matter.

There are two types of energy: potential and kinetic. The (later / latier) is the energy of
motion of a body; it is equal to the (walk / work) the body can do in coming to rest.

Our laboratory is (discovered / opened) at nine o’clock.

Nick and Ann study physics, the (later / latter) (walks / works) as a laboratory assistant.
Nobody was surprised when he (walked / worked) into this (walk / work).
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UNIT4 —NEWTON’S THEORY OF GRAVITY Stage 1 — Vocabulary

Fun with PLAY UPON WORDS
Words HUrpA cJI0B

Play upon words with the same spelling, the same sound, different meaning (homographs)
Kanambypul co crosamu 00uHAK06020 HANUCAHUS, 0OUHAKOBOZO 36VHAHUS, HO C DASHLIMU
SHAYeHUAMU (OMocpagbl)
shokok
go down v 1) onmyckarbcs, najaTe; 2) OBITH MPOTIOUCHHEIM
heavy a 1) Tsxenslii; as heavy as lead — oueHs TDKENEIH,
2) I0X0 MPONEUYECHHEIH (0 X1ebe, nupoze u m.n.)

— It was a good cake, but it defied the law of gravity.
— How?
— It was as heavy as lead, but it didn’t go down.
ek
change » 1) nepemena, u3amenenne; 2) craga, MeJIo9b
rest n 1) oTAbIX, IOKOH; cocTosiHUE 1TOKOS; 2) the rest ocTaTok, ocTansHOe

— I went to a hotel for a change and a rest.
— Did you get it?
— The bellboy got the change and the hotel got the rest.
shoskosk
— So you’re just back from your holiday. Feel any change?
— Not a penny.
fkk
carry » 1) HECTH, HOCHTb, IEPEHOCHTB,
2) umets; to carry weight — umeTs Bec, BIUSHHE

An elephant’s opinion carries a lot of weight.
ok sk

to have a good head for figures — xopoio pazbuparThcsi B MaTeMaTuKe (doca.
— B iu(pax), UMETh XOPOLINE MATEMATHIECKHE CITOCOOHOCTH
to have a great eye for figures — ObITH 3HATOKOM, MOOHUTENEM (30. JKEHCKHX )

- Guryp
The old man who had a good head for figures now has a grandson who has a great eye for them.

Play upon words with the same sound, different spelling, different meaning (homophones)
Kanambypur co chosamu 00unaxo6020 38y4anus, pasno2o HANUCAHUS, C PASHLLMU 3HAYEHUIMU

(omoghonsi)
e sk ok

peace [piis] 7 1) Mup; 2) CIOKOWCTBHE, THIIIHHA
piece [pi:s] # My3BIKaJIBHOE IIPOU3BEACHHUE, TbECA

Rock is a piece of music performed in this style.
But peace and music never go together, especially in the case of hard rock.

MNEMONIC DEVICES
MHEMOHHWYECKHWE MPUEMEI

These phrases help you to remember the spelling of the following
words:
PRINCIPAL and PRINCIPLE
Your principal is your pal. A principle can be called a rule.

A fuller list of spelling mnemonics is given on page 16.
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UNIT 4 —NEWTON’S THEORY OF GRAVITY Stage 2 — Schemes and Pre-Text Exercises

Stage 2 — Schémes ‘ I

SCHEME 4.1

the I
Newton general
physics
theory

symmetrical
with

three-dimensional symmetry

bringing in

y

gravitational forces

SCHEME 4.2
Newton’s Law of Universal Gravitation

Theory of Gravity _ ‘Principia’
1666 1687
F 3 Gmm; Law of Universal structure and
B 7 Gravitation mechanics
directly product of the
proportional masses (my, m3)
force of
attraction (F)
. inversely square of the
particle proportional distance (d)
. /body/
3 G — gravitational constant
o]
.| gravitational
field
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UNIT 4 — NEWTON’S THEORY OF GRAVITY Stage 2 — Schemes and Pre-Text Exercises

Task 11. Use the schemes given on the left-hand page as a prompt to do the following exercises.

SCHEME 4.1

=3[ Complete the sentences:

o B B e

Newton was the first to begin the development of a ... ... ... .

Before Newton, people supposed the world to be ... .

They considered the up-and-down dimensionto be ... ... ... .

Newton showed that the up-and-down dimension is ... with the other two dimensions.
He suggested a three-dimensional symmetry by bringing in ... ... .

1L Answer the following questions:

L S R P T (N S

Who was the first to begin the development of a general physical theory?
What did people think about the world before Newton?

What did people think about up-and-down dimension?

Did Newton agree with that point of view?

What did Newton suggest by bringing in gravitational forces?

SCHEME 4.2

=B [ Agree or disagree with the following sentences (statements expressing agreement and
disagreement can be found on page 169):

1

R L

Isaac Newton developed the theory of gravity in 1687.

In 1678 his great work ‘ Principia’ was published.

In *Principia’ Newton explained the structure and mechanics of the Universe.

In this work he also laid down the law of gravitation.

Every particle in the Universe attracts every other particle.

This force of attraction is inversely proportional to the product of the masses of the particles.
The force of attraction between two particles or bodies is directly proportional to the square
of the distance between them.

Let F be the force of attraction between two bodies, m; and m; — the masses of these bodies,
d — the distance between them and G — the gravitational constant then

Fe Gm;m;

&
is the mathematical definition of the force of attraction.
The region in which one body exerts a force of attraction on another body is called a
gravitational field.

Il Answer the following questions:

N D AW

When did Newton develop the theory of gravity?

When was Newton’s great work ‘ Principia’ published?

What did Newton explain in ‘ Principia’?

What law did he lay down in this work?

What does the force of attraction between two particles depend on?
What is the mathematical definition of the force of attraction?
What is a gravitational field?

I Discuss Newton's Law of Universal Gravitation using the scheme.
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SCHEME 4.3
the Earth <
(planet / satellite)
gravity | gravitational %
force §
a .
=] on its
i surface
Z body
S within its
= a kind of gravitational field
a
g
v
weight towards | the centre of
the Earth
= the mass of the acceleration
the body X due to gravity
geographical
position
constant variable -
; N altitude

SCHEME 4.3

=3]. Choose the right variant:

1

2.
3.

n

Gravity is a (gravitational / magnetic) force between the Earth (or another planet or satellite)
and a body on its surface or within its gravitational field.

Gravity is responsible for the (mass / weight) of a body.

The weight of a body is one kind of (electrical / gravitational) force which the Earth exerts
on that body.

The weight of a body is always directed towards the centre of (the Earth / another body).
The weight of a body is equal to the mass of the body (divided / multiplied) by the
acceleration due to gravity.

The mass of a body is (constant / variable). The acceleration due to gravity varies with the
geographical position and altitude.

Thus the weight of a body is a (constant / variable) quantity.

Il Answer the questions:

o Oy U e e B9 e

What 1s gravity?

What is gravity responsible for?

What is the weight of a body?

Is the weight of a body directed towards the centre of the Earth?
What is the weight of a body equal to?

Is the mass of a body constant or variable?

Is the weight of a body constant or variable?

I Talk about the gravity and the weight of a body using the scheme.
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UNIT 4 —NEWTON’S THEORY OF GRAVITY Stage 3 — Text and Afier-Text Exercises

GRAVITY
A poem by an unknown school-master
Aftraction is a curious power,
That none can understand:
Its influence is everywhere —
In water, air and land;
It keeps the Earth compact and tight,
As though strong bolts were through it;
And, what is more mysterious yet,
It binds us mortals to it.

Newton’s Theory of Gravity

Isaac  Newton, English physicist and
mathematician, was the culminating figure in the
scientific revolution of the 17" century. In
mathematics, he was the original discoverer of the
infinitesimal calculus. In optics, his discovery of the
composition of white light integrated such
phenomena as colours into the science of light and
laid the foundation for modern physical optics. In
mechanics, his three laws of motion, the basic
principles of modern physics, resulted in the
formulation of the law of universal gravitation.
Newton brought about the first main step in the
process of development of a general physics theory.

Before Newton, people considered the world
to be essentially two-dimensional, i.e. they dealt with
the two dimensions in which one can walk about,
while the up-and-down dimension seemed to be
something essentially different. Newton proved the
up-and-down direction to be symmetrical with the
other two directions, by bringing in gravitational
forces and showing how they take their place in
physical theory. In other words Newton enabled us to
pass from a picture with a two-dimensional symmetry to a picture with a three-dimensional one.

Isaac Newton began to develop the theory of gravity when he was 24 years old. Twenty
years later he returned to this subject and in 1687 his great work ‘ Principia’ was published. Newton
explained the structure and mechanics of the Universe in it and laid down the law of Universal
Gravitation. He proved mathematically that every particle in the Universe attracts every other
particle with a force which is directly proportional to the product of the masses of the particles and
inversely proportional to the square of the distance between them. Thus, the law of Universal
Gravitation is an inverse square law, and the force of attraction between the two masses m; and m;

Gm,m
in kilograms separated by a distance d of meters may be stated mathematically as ¥ :—dlz—2

newtons, where G is the gravitational constant. The constant G tells us how many newtons the
attractive force is for two 1-kg masses separated by a distance of 1 m. The value of G was not
determined by Newton. This difficult measurement was not determined until long after Newton’s
death.
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UNIT4 —NEWTON’S THEORY OF GRAVITY Stage 3 — Text and Afier-Text Exercises

The region in which one massive body (i.e. a body possessing the attribute of mass) exerts a
force of attraction on another massive body is called a gravitational field. The gravitational force
between the Earth (or another planet or satellite) and a body on its surface, or within its
gravitational field is called gravity. According to Newton’s inverse square law the gravity on a

2

2
» ¢

planet or satellite in terms of the Earth’s gravity is given by L x —— where m,, is the mass of the
"
planet in the Earth masses and d, and d, are the diameters of the planet and the Earth, respectively.
The gravity on the surface of the Moon was found to be 1/6 of that on the surface of the Earth.
Gravity is responsible for the weight of a body. People commonly refer to the kilogram as a
unit of weight, but the kilogram is a unit of mass. The weight of a body is just one kind of the
gravitational force of attraction which the Earth exerts on that body and is always directed towards
the centre of the Earth. The SI unit of weight is therefore a newton. Gravity causes bodies to fall to
the Earth with a uniform acceleration, but the magnitude of the acceleration due to gravity varies
with the geographical location (latitude) and altitude (elevation). Thus, an object weight is not a
fixed property of that object. Objects weigh more in some places than in others, depending on the
local strength of gravity. It is their mass that always stays the same.

(Do exercise I to finish the text.)

Task I11. Read the text and then do the following exercises.

=@ ] This is the last paragraph of the text. Having read the information given in the box you are to
choose the right variant.

Gravity is reduced to a very small extent by the centrifugal force caused by the Earth’s
rotation (for an object at rest on its surface). In order to stay in orbit around the Earth it is necessary
for an orbiting body to achieve a velocity producing a (centrifugal / centripetal) force which exactly
balances the force of gravity. For instance, the Moon travels in a (straight / curved) path around the
Earth. This means that it (is / is nof) continually changing the direction of its velocity, i.e. the Moon
(is not / is) in a state of continual acceleration and the net force on it (is not / is) zero.

Newton’s First Law

If the total force on an object is zero, its centre of mass continues in

the same state of motion.

In other words, an object initially at rest is predicted to remain at rest if the
total force on it is zero, and an object in motion remains in motion with the same
velocity in the same direction. The converse of Newion's first law is also true: if
we observe an object moving with constant velocity along a straight line, then the
total force on it must be zero.

What happens if the total force on an object is not zero? It accelerates.
Numerical prediction of the resulting acceleration is the topic of Newton’s second

law.

88




UNIT4 - NEWTON’S THEORY OF GRAVITY

Stage 3 — Text and After-Text Exercises

=B[1 In the text, find the English equivalents for the words and phrases below. (The last paragraph
is included.)

CUHTAIOT KHIIOI'paMM eOAHALCH HU3MCPCHUA BCCa

H3MCHACTCA B 3aBHCHMOCTH OT reorpa@nqecmﬁ

© Hay4dHas PeBOJIONHUS O 3aKOH ODpaTHBIX KBaIpaToB
© HCYHCIEHHE OECKOHEUHO O MOXHO chOPMYTHPOBATE MATEMATHICCKH
MAJIbIX BEITHUHH O [7s JBYX Macc B OJHH KHJIOpaMM
© BBEJO TAKUE SIBIICHUS, KaK O [JO0JNT0€ BpeMsl CIIyCTS
1IBETa, B HAYKY O CBETE © HAeHCTByeT ¢ CHIIOHN IPHTSKEHHS Ha /
O (pyHIaMEeHTAIbHBIE 3aKOHBI MIPUTATHBAET
COBPEMEHHON (DU3UKH o}
o obmas puznKa / IPUHAMAIOT KUIIOTPpaMM 34 ...
O BEPTHKAIBHOE H3MEPEHHE O YCKOpEHHE CBOOOIHOTO MaJCHMS
C  BEPTHKAIBHOE HAIPaBICHHE o
O YTO-TO / HEYTO CYMIECTBEHHO LIAPOTHI X BBICOTHI
OTIIMYHOE O B COCTOSIHUH [TOKOS
© MpAMO IPOIOPIHOHATBHO O 1O KpHBOI
¢ obpaTHO MPONOPUHOHAIBEHO O pe3ynbTHpYyIomas / paBHOAEHCTBYIONIAs crila

=8 [Il. Rewrile sentences using ‘it is ... that / which / who’ and translate them.

An object mass always stays the same.
It is an object mass that / which always stays the same.
Hmenno macca mena secezoa ocmaemcs 00OHOU U MO Jice.
I. Newton brought about the first main step in the
development of a general physics theory.

2. Newton enabled us to pass to a picture with a three-
dimensional symmetry.

3. Newton’s three laws of motion are the basic principles of
modern physics.

4. Gravity is responsible for the weight of a body.

The student makes ...

It is the student that / who makes ...
Students make ...

It is students that / whe make ...
Students made ...

It was students that / who made ...
Science make ...

It is science that / which makes ...
Science made ...

It was science that / which made ...

5. The centrifugal force caused by the Earth rotation reduces gravity.

=2JV. Use suitable forms of the words from the box instead of the underlined ones.

1. The value of G was not determined by Newton.
2. The region in which one massive body exerts a force of

attraction on another massive body is called a gravitational field. | b) elevation
3. The magnitude of the acceleration due to gravity depends on the ¢) net

geographical location and altitude.
4. An object weight is not a fixed property of that object.
What happens if the total force on an object is not zero?

n

6. Numerical prediction of the resulting acceleration is the topic of

Newton’s second law.

V. Read the paper and then complete the tasks given below.

a) constant

d) to attract
e) to calculate
f) quantitative

Though the terms weight and mass are used interchangeably in common language, in
science there is distinct difference between the two terms. The weight of an object is a force of
gravity felt by that object but the mass of an object is the amount of matter the object has. Mass is a
measure of the object’s resistance to acceleration: a push on a skateboard will make it roll away
quickly but the same push on a more massive car will hardly move it.

An object’s weight depends on the pull of the gravitating object but the object’s mass is
independent of the gravity. For example, Joe Average weighs himself on the Earth’s surface and
then on the Moon's surface. His weight on the Moon will be about six times less than on the Earth
but the number of atoms in his body has not changed so his mass is the same at the two places. In
the old English unit system, there is a ‘pound’ of force and a ‘pound’ of mass. Only on the Earth’s
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surface, an object's pound of mass is equal to the number of pounds of force felt by the object due to
the Earth’s gravity.

In the metric system there is no confusion of terms. A kilogram is a quantity of mass and
anewton is a quantity of force. One kilogram (kg) equals 2.205 pounds of mass and 1 pound of
force is 4.45 newtons (N). If someone uses ‘pounds’, be sure you understand if force or mass is
meant!

To find something’s weight in newtons, you multiply the mass in kilograms by the
acceleration due to gravity in the units of meters/seconds”. For example: Mister X has a mass of
63.5 kg and he feels a force of gravity on the Earth which is equal to

63.5 kg x 9.8 m/s” = 623 kg m/s> = 623 N.
His weight is 623 N. The other value in the preceding equation, 9.8 m/s’, is the acceleration due to
gravity close to the Earth’s surface. Mister X’s weight at other places in the universe will be
different but his mass will remain the same.

A) Calculate your own weight on Earth.

=a B) Underline the right variant.

MASS WEIGHT

1. | Mass is (the quantity of matter in a body / Weight is (the quantity of matter in a
the force by which the earth attracts a body | body / the force by which the earth
towards its cenire). attracts a body towards its centre).

2. | Mass is a (scalar / vector) quantity. Weight is a (scalar / vector) quantity.

Mass of a body (varies from place to place / | Weight of a body (varies from place to
is always consiant everywhere in the place / is always constant everywhere in
universe). the universe).

|98

Mass of a moving body is m = (£ / mg) Weight of a body is W = (f- / mg)
a a

5. | Mass can be determined by a(n) (spring / Weight is measured by a(n) (spring /

ordinary) balance. ordinary) balance.
6. | A unit.of mass in the Sl is the (newton / A unit of weight in the SI is the (newton
kilogram). / kilogram).

C) Complete the last paragraph of the text with details. Use the following expressions:

I might / should S mor 661

I’d like to ; add that ... S xoren OBl n00aBHTE, UTO ...

I want to 4 xouay

It should be added that ... Cnenyer 1o0aBuTh, 4T0 ...

In addition, I want to note that ... Kpome Toro, / B1oGaBOK s XOUY 3aMETHTh, 9TO
In addition to the above ... B momomienne K BBIIIECKA3aAHHOMY ...
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=@ VI Ask your friend the following questions. Start with the words:

Do you know ...?

Do you remember ...?
Can/ Could you tell me ...?
Have you any idea ...7

I want to know ...

1'd like to know ...

I wonder ...

1. Was Newton the original discoverer in
different fields of science? What are these
fields?

2. What did Newton prove by bringing in
gravitational forces?

3. What is his great work ‘ Principia’

concerned with?

Why is the law of Universal Gravitation

often called an inverse square law?

What is gravitational field?

What is gravity? What is gravity on a planet or satellite equal to?

Is there any difference between mass and weight?

What is gravity reduced by?

e

% oW

VII. Annoiate schemes 4.1, 4.2 and 4.3 using the text “Newton’s Theory of Gravity” and then

describe the schemes in your own words. Don’t forget to use the following statements.
L

refers to ... . £
The paper | is concerned with ... and | In the paper we get a picture of ..
o . we have a description of ...
provides information on ...
2. V: V3:
The author Vi that ... point out regular verb
It is interesting to V that ... note regular verb
[t is important to V that ... emphasize regular verb
It is useful to V that ... mention regular verb
It should be Vs that ... make it clear made
draw one’s attention to the fact | drawn

3. In conclusion

the author V; that ..., efc. (see 2)

4. In my opinion / To my mind

the (present) paper (not) interesting
: is not) important
the problem | considered (not) imp
. . . useful / useless for those who study ...
the question | discussed
. . much | .
the subject dealt with : interest . :
isof | some |. for us since we | are interested
the fact under study importance :
great m ...
use
no

You can find some more useful expressions on pages 167 — 168.

VIII. Write an abstract (a summary) of the text. The instructions for writing an abstract are given
onpages 173 —175.
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Stage 4 — Definitions I From “Longman Dictionary of Scientific Usage”

gravitation The attractive force between any
two pieces of matter (=)', ie. material
bodies; the magnitude of the force depends on
the mass of the bodies and the distance
between them.

Newton’s law of universal gravitation Any
two pieces of matter (—)' attract one another
with a force which is proportional to the
product of their masses and inversely
proportional to the square of their distance
apart. The force of attraction, F, between the
two masses, m; and mo, respectively, when

Gm,m,

placed at a distance, d, is F = where

G is the gravitational constant (1).

gravitational constant The constant of
proportionality, G, in Newton’s Law of
universal gravitation (T). If two equal masses
of 1 kg are placed 1 m apart, the force

between them is 6.672x107"" newtons. The
value (=) of the gravitational constant is

6.672x107"" N m’kg™.

gravitational field The region around an
object in which another object experiences a
gravitational force of attraction. It is a vector
field and can be represented by lines of
gravitational force, which indicate the
direction of the vector at any point. The
density of the field (the number of lines per
unit area) 1s proportional to the magnitude of
the field. The gravitational field of a planet is
the region under its influence.

gravity The gravitational force between the
Earth and a body either on the Earth’s surface
or in the Earth’s gravitational field. The force
decreases as the distance from the Earth

' see “PHYSICS”
2 _ see “UNITS OF MEASUREMENT”
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increases; the force of gravity is inversely
proportional to the square of the distance.

universal gravitation A more complete
description of gravitation (1) indicating that
the force of gravity exists throughout the
universe.

acceleration due to gravity The acceleration
caused by the force of gravity (T) acting on a
body falling freely in a vacuum; it varies (by
about £0.3 per cent from a mean value) in
different localities on the Earth. The mean
accepted value 15 9.8065 m 52 the
acceleration being least at the Equator and
greatest at the Poles. The variation in value
arises from the variation of the distance of the
Earth’s surface from its centre of mass. The
symbol for the acceleration due to gravity is

g.

acceleration of free fall An alternative term
for ACCELERATION DUE TO GRAVITY (T).

gravitational mass The mass of a body can
be defined from the gravitational attraction it
has to other bodies; it is calculated from the
equation for the universal gravitation (1).

weight The force with which the Earth
attracts a body is the weight of that body:
weight is measured (=) in newtons. At any
one point on the Earth, weight is proportional
to mass as the force of gravity produces a
constant acceleration at that point. The mass
of a body is constant (by Newton’s
principles), but its weight varies depending
upon its position on the Earth’s surface (the
weight is least at the Equator and greatest at
the Poles), and upon its height above the
Earth’s surface (the greater the height, the less
the weight).
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Task IV. Read the definitions of the terms from “Longman Dictionary of Scientific Usage” and
do the following exercise.

=2/ Rebuses Solve the rebuses and then match each term with its definition.

1) gravitational

2) gravitational

3) gravitational

4) gravitational

st =

a)

b)

d)

the mass of a body can be defined from
the gravitational attraction it has to other
bodies; it is calculated from the equation
for the universal gravitation

the constant of proportionality in
Newton’s Law of universal gravitation

the force of attraction
the region around an object in which

another object experiences a
gravitational force

=B8] There are different kinds of forces. Match each definition of the force with its term. (Pay
atlention to the fact that the definitions of centrifugal and centripetal forces haven’t been discussed

yel.)
. . 1
of attraction between any two pieces
of matter, i.e. bodies or particles.
. 2
of attraction between the Earth and a
body either on the Earth’s surface or
in the Earth’s gravitational field. )
3 a) centrifugal
The force with which the Earth attracts a body. force
[ centripetal force
gravity
4 . .
which causes a body to travel in a grgVIItlatlon
circular path, or in any arc of a circle. Wl
5 S
which causes a body to move away

from the centre. It is the reaction of a

body travelling in a circular path.

This force is equal or opposite to the

centripetal one.

Task V. Let’s play the game ‘Research Conference’. The instructions are given on pages 170 —
172. Discuss the following topics:

o Newton’s Law of Universal Gravitation

a The Weight of a Body
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Stage 5 — In Addition I

Dialogue

Read the dialogue and then make up your own one. Try to explain to your fellow-student what
gravity is. Underlined phrases should be used in your dialogue.

A

B:

we Rl vollls -4

w

>

A R R

We were discussing gravity in physics last week and I just can’t understand what it’s all about.
Can you explain it to me?

Easily. Gravity is the force that pulls everything towards the centre of the Earth. Now do you get
it?

: That’s beyond me. I just don’t understand.

: You are slow on the uptake!

: Only in this case. I'm usually quite quick.

: Perhaps this example will make it a bit clearer. Suppose you take an iron ball and 1 take a paper

ball, both of the same size, and drop them in vacuum. Which would reach the ground first?

: The iron ball, of course.

. It’s obvious you’ve no idea when it comes to physics. They would arrive at the same time.

: What! Does paper fall as fast as iron?

: It’s curious, isn’t it? But it’s a fact. A scientist called Galileo discovered it.

: How did he do it?

: He dropped various things from the Leaning Tower of Pisa.

: But I still can’t believe that a paper ball can fall as fast as an iron one.

: That’s quite natural. We’re so used to seeing gravity at work that we scarcely notice it. But it’s

very important.

: Rubbish! Gravity is just something our teacher plagues us with.
: Oh, no. If gravity stopped working for even an instant, everything would fly away into space,

you and me, the air, the water in the ocean, and everything else.

: And our physics teacher! Well, perhaps gravity is a bit more interesting after all. I am just

beginning to realize how important it is. I’ll have to study it a little more carefully.

Experiment Conduct the following experiment, asking your fellow-students to waich
what you are doing and to comment on the individual stages of the

experiment. In doing so, follow these instructions.

Experimenter: Students:
1. Stand up, take a pen and a sheet of paper. In your explanations use the following words:
2. State that you are going to conduct an
important experiment. to reach the floor
3. Drop the two things. later
4. Ask what your fellow-students observed

when the two things hit the floor.

=~

Say that you are going to conduct another
experiment. Take a pen and a book. to reach the floor
Drop the two things. at the same time

Ask the students to state what they observed.

Ask your fellow-students to explain why the | equal / different size

two experiments differed in their results. nearly equal / different shape

to offer (greater) resistance

to fall at different speeds / at the same speed
vacuum
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Think and Guess I

=@ 1. Newton’s Windmill'
Read the story and answer the question.

As a boy Isaac Newton built a model of windmill, the sails of
which could turn even when there was no wind. All people were
surprised when they saw it. They could not believe their eyes.

Whai was the secret of Newton's windmill? Try to guess!

" windmill ['windmil] a building containing a machine that crushes
corn, provides electricity, pumps water, efc., and is driven by large
sails which are turned round by wind

(from “Active Dictionary of English”)

=3 2. Newton’s Distraction’
Put the sentences of the story in the correct order.

a) The housekeeperz, however, sent one of the maids® into his study with an egg
and a saucepan’ of water.

b) But as he wished to be alone, Newton sent her away, saying that he would
cook it himself.

¢) While working on different questions Newton forgot everything else.

d) The maid had been told to boil the egg and stay while he ate it.

e) Soon she returned and found Newton standing deep in thought, the egg in his
hand, while his watch was boiling in the saucepan.

f) On such days he stayed in his room and did not allow anyone to disturb him.

g¢) The maid left the egg near his watch on the table and went out of the room.

h) One morning he was working very hard, and did not leave his room to go and
have breakfast with his family.

" distraction [ds'treekfen] the habit of forgetting everything or not
noticing what is happening, what one is doing

2 housekeeper ['haus’ki:pa] a person employed to be in charge of
keeping house and to look after a household (all the people living
together in a house)

* maid [me1d] a woman employed to work as a servant

¥ saucepan ['so:spen] a deep round metal cooking pot with handles

ar\1d alid saucepan
(from “Active Dictionary of English”)

95



UNIT 4 —NEWTON’S THEORY OF GRAVITY Stage 5 - In Addition

Fun with PLAY UPON WORDS
Words HTIPA CJIOB

1. You have studied the Law of Universal Gravitation. Here you can find Universal Laws of Life.

1. You cannot save your face if you lose your head.'

2. There are only two ways to avoid alimony: either you stay single or stay married.
Alimony is the high cost of leaving.2

3. You cannot make a hit® if you have no aim in life.

4. No matter how much you trying to improve Mother Nature, you are not kidding4
Father Time.

5. You cannot keep the home circle square with a triangle.’

6. If you file® it, you’ll know where it is but never need it. If you don’t file it, you’ll
need it but never know where it is.

7. It is a wise wife who knows when to overlook and when to oversee.’

8. A man’s thought: All women are divided into three classes: the looked at, the
looked over and the overlooked.
A woman’s view: And so are men — the intelligent, the handsome and the
majority.?

9. No matter how busy people are, they are never too busy to stop and talk about how
busy they are.

10. By the time you have learned to make the most of life, most of it is gone.’

L

' to save face — coXpaHHTB (CBOE) JIMIO, PENYTAIHIO, J0GPOE HMS; He YPOHHTH JOCTOHHCTBA;
to lose one’s head — moTepsATh TONIOBY, YTPATATE caMo0balaHke, pacTepAThECA

* alimony ["zeliment] 7 anmamenTsr; high cost of leaving — cpasnume: high cost of living —
IOPOTOBH3HA

to make a hit — umeTs ycmex, NpOU3BECTH CEHCAIMIO; OYK6. TIOTIACTE B II€/b, IOPAXKaTh €

* to kid — OypaduTh, 0OMaHyTh KOTO-J1.

> home circle — jomManTHu ouar; square — 1) KBaipaTHbIi; 2) YecTHEIH; triangle — TpeyronapHuK,
30. MOOOBHEBIH TPEYTOMBHUK

% to file — XPAHUTE B ONPENICIIEHHOM MECTE

" to overlook — He oGpanaTs BHUMAHEE, He IPAIABATH 3HAYCHHE; to OVersee — HAI3APATE;
CIIEIUTE, HabMIOAATH 3a

% to look at — 6BITH JOCTOMHBIM BHHMAaHHS, IIPEICTABIATE HHTEpeC; to look over — BHEMATENLHO
H3y4arTh, 30. 3aCMAaTPUBAThCA

? to make the most of — HcmonB30BaTH HaWIy4IIuM 00pa3oM, B IIOJIHOH Mepe, MAKCHMAIILHO

=3 2. Punctuation. When the sentence you can see below was given fo a class to punciuate
correctly, the boys were found to take it one way, the girls another. Try to guess these two ways of
punctuation.

Woman without her man is a savage.

savage ['seevid3] n JUKapb, JUKapkKa
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