Newton's Laws of Dynamics.
(Continued)

1. Read the following:

fo analyse |"eenalaiz]

to accelerate [=k’seloreit]
to calculate [‘keelkjulert]
to determine [di'to:min]
to appreciate [o'pri:(i1e1t]
to exert [1g'zoa:{]

numerical [nju:"merikal]
satisfactory [ seetis’feektori]
theorem [’Oraram)]
circumstance [“sa:kamstons]
complete [kom’pli:t]
arithmetic [a'r10matik]
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NEWTON’'S LAWS OF D¥YNAMICS
(Continued)

s On the basis of Newton’s Second Law of motion, which
gives the relation between the acceleration of any body and
the force acting on it, any problem in mechanics can be solved
in principle. For example, to determine the motion of a few
particles, one can use numerical methods. But there are quite
simple cases of motion which can be analysed not only by
numerical methods, but also by direct mathematical analysis.
For example, although we know that the acceleration of a
falling body is 32 ft/sec?, and from this fact could calculate
the motion by numerical methods, it is much easier and more
satisfactory to analyse the motion and find the general so-
lution s = s + ©f + 1_6_1_2

3axkonbl Hbl0TOHA TUHAMUKH
(mpomoJrskeHue)

Ha ocHoBaHuu BTOPOro 3axkoHa Hbl0TOHA, KOTOPBIN 1aeT COOTHOLIEHUE MEKIY YCKOpPEeHUueM
JIINOOI0 OpPraHa M CWibl, IeHCTBYIOIIE HA HEro, JII00asi mpodjieMa B MEXaHUKE MOKET ObITh
pemieHa B npunuune. Hampumep, nis onpenesieHus: ABUKEHUS HECKOJIbKUX YaCTHIl, MOKHO
HCI0JIb30BAaTh 4YHCJeHHbIe MeToAbl. HOo ecTh 10CTaT04HO MpOCThbIE CJIYy4Yau [IBHKEHHS,
KOTOPbI€ MOKHO AHAJIM3UPOBATHL HE TOJbKO YHUCJICHHBIMHM METOAAMH, HO TaKiKe IyTeM
HEIMOCPEACTBEHHOI0 MaTeMaTHYeCKOro anajausa. Hampumep, Xots Mbl 3HaeM, UTO YCKOpPeHUe
nagamuero rTejga sipasercss 32 m/c2, u U3 3TOro (Gaxkra MOKeT PacCUMTATh JABHKEHHUE

YHCJICHHBIMH METOAAMH, 3TO HAMHOI0 Mpoile U 0ojiee yI0BJIETBOPUTEIbHBIM JIJISl AHAJIN3A
JABM/KCHUS U HAUTH o0lllee pelieHne g — so + v + 1662



In the same way, although we can work out the positions
of a harmonic oscillator by numerical methods, it is also pos-
sible to show analytically that the general solution is a simple
cosine function of it, and so it is unnecessary to go to all that
arithmetical trouble when there is a simple and more accurate
way to get the result.

Takum ke 00pa3oM, X0TsI Mbl MOKE€M BbIPA00TATH MO3MIIUA FTAPMOHUYECKOIO
OCHUJLIATOPA YHCJIEHHBIMM METOAaMHM, MOKHO TaKKe AaHAJIUTHYECKH
MOKAa3aTh, YTO 00Iee pelleHne IBJIAETCH MPOCThIM (PDYHKIMSI KOCHHYC 3TOr0, U
MOITOMY HET HeOOXOAMMOCTHM MATH HAa Bce 4TO apuMeTHUYECKOH Oeme, Koraa
eCTh NMPOCTOH M 00JIee TOUHBIA CMOC00, YTOOBI MOJYYUTH Pe3YJIbTAT.
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‘Unfortunately, there are really very few problems which
~ can be solved exactly by analysis. In the case of the harmonic
oscillator, for example, if the spring force is not proportional
to the displacement, but is something more complicated, one
must fall back on the numerical method. Or if there are two
bodies going around the sun, so that the total number of bo-
dies is three, then analysis cannot produce a simple formula
for the motion, and in practice the problem must be done

numerically.

K coxajieHHI0, eCTh Ha CaMOM jiejie 0YeHb MaJio MpPoodjieM, KOTOPbIe MOKHO
pelluTh MMEHHO ¢ TMOMOIIbI aHaau3a. B ciayyae rapmMoHHYECKOro
OCHIJLJIATOPA, HANpUMeEpP, €CJM YCUJHe MNPY:KMHbI He HNPONOPUUOHAIBHO
nepeMemeHu0, HO 3TO HeuTo 0oJiee CJI0KHOE, HAJA0 Npuderarb K YUCJIEHHbIM
MetoaoM. Uim ecam ecthb aBa tesia BOKPYr CoJiHIIa, TaK 4TO 001Iee YMCI0 TeJl
PAaBHO TpeM, TO AaHAJM3 MOXKeT He MNPOM3BECTH MNPOCTYI (dopMyay s

ABUKEHUS, TAK M HA IMPAKTHKe 3Ta mNpodjeMa [0J)KHA ObITh CIeJIaHO
YHCJICHHO.
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That is the famous three-body problem, which so long chal-
lenged human powers of analysis; it is very interesting how
long it took people to appreciate the fact that perhaps the po-
wers of mathematical analysis were limited and it might be ne-
cessary touse the numerical methods. Today an enormous num -
ber of problems that cannot be done analytically are solved
by mumerical methods, and the old three-body problem, which
was supposed to be so difficult, is solved as a matter of rotu-
tine by doing enough arithmetic. However, there are situations
where both methods fail: simple problems we can do by ana-
lysis, and the moderately difficult problems by numerical,
arithmetical methods, but the very complicated problems we
cannot do by ecither method. A complicated problem is, for
example, the motion of the molecules of a gas. There are count-

Yro 3HAMEHUTYH) MpoO/eMy TPHM Tejla, KOTOpble TaK /0JIF0 OCHapuBaeMblii
Yyeji0oBeYeCKHe CHJIbl AaHAJIM3a 3TO OYeHb NHTEPECHO, CKOJILKO BPpeMEeHH NMOTPedoBaJI0Ch,
YTOOBbI JIIOAU OLEHST TOT (PAKT, YTO, BO3MOKHO, NOJTHOMOYHSI MATEMATHYECKOI0 aHAJIU3A
ObLIIM OTPAHUYEHBbI, H ITO MOKET ObITH HEOOXOAMMO HUCIO0JIb30BATh YHUCJIEHHbIE METOAbI.
Cerognsi psix npoodsieM, KOTOpPble He YyIaeTcsl CAejJaTb AHAJMTHYECKH PelaroTcs
YHMCJEHHbIH METOJ0B, a CTApPbId 3aJa4M TpeX TeJ, KOTOpasi JA0JKHA ObLIa ObITh TaK
TPYAHO pemiaercas B padodyeM mNopsiiKe, aejiasgs A0cTaroyHo apupmernku. OaHAKO
OBIBAIOT CUTyallMM, KOIjJa 00a MeToda He MPOCThie: MPO0JeMbI Mbl MOXKEM CIeJIaTh C
NMOMOIILI0 AaHAJIHM3a, a TAaK/Ke YMEPEHHO CJIOKHbIe, MNpPodJeMbl YHCIEHHBIMH,
apu(MeTHYECKNX METO0B, HO OYe€Hb CJIOKHOW MPOo0JeMbl Mbl He MOKEM C/AeJIaTh C

noMombi0 J000oro meroga. CioxHOW NPOOJIEeMOH SIBJISIETCH, HANPUMeEP, JABHKEHHE
MOJIEKYJI rasa.



less particles in acubic millimeter of gas, and it would be ri-
diculous to try to make calculations with so many variables
(about 10— a hundred million billion). Anything like the
motion of the molecules or atoms of a gas, or the motion of
the stars in a globular cluster — such problems we cannot do
directly, sowe have to seek other means. We need to knqw some
general properties, that is, general theorems or princi ples
which are consequences of Newton’s laws. One of these is the
principle of conservation of energy. Another is the principle
of conservation of momentum. Another reason for studying
mechanics further is that there are certain patterns of motion
that are repeated in many different circumstances, so it is
good to study these patterns in one particular circumstance.
FFor example, different kinds of collisions have much in com-
mon. In the flow of fluids, it does not make much difference
what the fluid is, the laws of the flow are similar.

Ecth 0ecunc/ieHHOe MHOKECTBO YaCTHUIl B KYOM4eCKOM MHJLIMMETPe ra3a, u 310 0bLIO
ObI CMEIIHO, YTOOBI MONBITATHCHA CAEJIATh PAcYeThl ¢ TAKUM KOJHUYECTBOM MEPEeMEHHbIX
(10 17 - cro MmwLIMOHOB MUJLTHAPAOB). Huuero mogo0HOro NBUKEHUS MOJIEKYJ WIH
aTOMOB ra3a, WM JBUKEHHE 3Be3]] B MIAPOBOM CKOILUICHMHM — TaKue MPo0dJeMbl MbI He
MOKEM CeJaTh HANPAMYK0, MO3TOMY MbI JOJKHBI HCKATh JApyrue cpeacrBa. Mal
TOJKHBI 3HATH HEKOTOPbIE 00IIMEe CBOCTBA, TO €CTh, 00IIUE TeOpeMbl M NMPUHIMIbI,
KOTOpPbIE SABJISIOTCA cjaeAcTBHeM 3aKk0OHOB HbroToHa. OqHMM M3 HUX SIBJISIETCH NMPUHIIMAII
coxpaHeHusl 3Hepruu. JpyrumM npumMepoM SIBJIsIETCS NMPUHIMUI COXPAHEHUS HMITYJIbCA.
Eme onHa npuyumHa ik W3yYeHUS] MEXAHUKHM JAONMOJHUTEIBHO, YTO CYIIECTBYIT
OIpe/Ae/IeHHbIe 3aKOHOMEPHOCTH JIBHKEHHSl, KOTOPbIe TMOBTOPSAITCHA B PAa3HbIX
00CTOSAITEJIBCTBAX, TAK 3TO XOPOILIO U3YYUTh 3TH 3AaKOHOMEPHOCTH B OTHOM KOHKPETHOM
o0cTosiTesbeTBe. Hanpumep, pa3jimyHbie BU/bI CTOJIKHOBEHUI MMEKOT MHOT0 001ero. B
MOTOKE KUIKOCTH, 3TO He UMeeT 00JIbIIOr0 3HAYEHH S, YTO KUAKOCTDH SABJISETCH, 3AKOHbI
TE€YECHH S CXOXKH.
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In our discussion of Newton’s laws it was explained that

these laws are a kind of program that says ‘‘Pay attention to
= the forces’’, and that Ncuxr)tc;l.grtold us only two things about the
nature of forces. In the case of gravitation, he gave us the comp-
lete law of the force. In the case of very complicated forces
between the atoms, he was not aware of the right laws for the
forces: however, he discovered one rule, one general property
of forces, which is expressed in the Third Law, and that is the
total knowledge that Newton had about the nature of forces —
the law of gravitation and this principle, but no othgr‘detalls..

IIpu o00cyxkneHun 3akoHOB HpHOTOHA ObBLIO Pa3bACHEHO, YTO 3TH 3aAKOHBI
SIBJISIIOTCHA CBOEr0 pojaa MporpaMmmMon, koropasi roeoput «Qoparure BHUMaHUe HA
cuJi», 1 4T0 HBIOTOH cKa3ajl HAM TOJbLKO JIBe€ BelllM 0 mpupoae cuia. B caydae
rpaBUTAIMH, OH JOJIKEH HAM IOJHbIN 3aKOH CHJIbI. B cilydyae 0ueHb CJI0KHBIX CHJI
MeKIAy aroMaMHM, OH He ObLJI OCBEeIOMJIEH O NPABWJIbHBLIX 3aKOHOB JJISI CHJI;
O0JHAKO, OH OOHAPY:KHUJI OAHO NPABMJIO, OJHO OOIIee CBOMCTBO CHJ, KOTOpasi
BbIPA’KAaeTCH B TPeThbeM 3aKOHOB, M 3TO o0miee 3HaHue, 4T0 Hb0TOH 0 mpupoae
CHJI — 3AKOHA BCEMHUPHOI0 TATOTEHUS W 3THMM NPUHIIMIIOM, HO HUKAKHUX JPYIrUX
aeTaJjiei.
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This prionci pleis that action equalsreaction. What is meant
is something of this kind: suppose we have two small bodies,
say particles, and suppose that the first one exerts force on
the second one, pushing it with a certain force. Then, simul-
taneously, according to Newton’s Third Law, tl}e second
particle will push on the first with an equal force, in the op-
posite direction; furthermore, these forces effectively act

in the same line.

JTOT NPUHIUI ABJSETCH TO, YTO ACHCTBME PABHO peakuuu. Yro umeercs B
BHAY 4YTO — TO TAKOI0 PoOAAa: MYyCThb MbI MMeeM JBa MAJIbIX Tej, CKaXKeM
YacTULBI, a MPEIIOJ0KUM, YTO MepBas 0Ka3bIBaeT CUJI0BOE BO3AEeHCTBUE HA
BTOPOi, HA’KAB HA Hee C ONpeAeJeHHbIM YCHJUeM. 3areM OIHOBPEMEHHO,
COIVIACHO TpeTbeMy 3aKoHY HbroToHa, Bropas yacruua Oyaer TOJKAThb HA
NepPBbIH C OAMHAKOBBIA CHJIOM, B NMPOTHUBOIOJOKHOM HANpaBJIeHUU: Dojee
TOI0, 3TH CHJIBI 3(P(PEKTUBHO AEHCTBOBATH B TOH K€ CTPOKE.
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NOTES TO THE TEXT

ft (foot, feet) — dyT
sec (second) — cexyHa
32 ft/sec® — thirty-two feet per second square

— equals, is equal to

-+ plus
Sg — S sub zero — «Cc» C HHJIEKCOM O

unfortunately — K coxxkasieHHIO

to fall back on smth. — npuberiyTb K yemy-aubo

9. principle — 3aKOH, MPaBHIO, NPHHLHN

0. in principle — B NpHHIHNe, NO CYIIECTBY

i11. either — HH TOT HH Apyrofi (B OTpHIATEILHOM TPETO-

KGR HH)
19, 107 — ten to the seventeenth power
13. by other means — Jpyrim cnoco6oM

14. routine — OObHBIH

DT DN

&
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— EXERCISES

1. State the part of speech of the following words:

analyse — analysis, accelerate — acceleration, place —
«Wisplace — displacement, numerical — numerically, count—
countless, exact — exactly, collide — collision, calculate —
«alculation,  effect — effective — effectively, discuss —

«Jiscussion.

IIpoaHau3MpoBaTHh — AHAJIU3, YCKOPUTH — YCKOPEHHE, MECTO — BHITECHAKOT —
CMellleHre, YUCJIEHHbIA — YHMCJIEHHO, MoJACYeT — OecyHuCJIeHHOe, TOYHAsA — B
TOYKY, CTAJIKMBATHCA — CTOJKHOBEHHE, BBLIYMCJIAATH — pacder, dp@exr —
3P PeKTUBHBIN — PAKTHYCCKH, 00CYXKAATH — 00CYKIACHME.



——

~— 2. Find the equivalents:

according to NOSIBNATHCH

to add BKJTIONATD

accuracy TAKHM Ke 00pasoM
to appear peLarb

to complete TOYHOCTD

by means of CUHTATH

to include Ha NPaKTHKE

in the same way 3aBEpIaTD,

to solve CKIATBIBATS.

to practice ¢ TIOMOIIBIO

to count COPACHD ueMy-J1H0O



7. Translate into English: ==

1. Benuxuili auraufickuii martentaruk H dusuk Hlcaax Huro-
ToH chOoOpMYyIJIHPOBAJI OOILUHE 3AKOHDbI ABHIKEHHsT TeJl. 2. 3akoH
HHEepPIHH YacTO HAa3LIBAKOT NEepPBHIM 3AKOHOM Heotona. 3. Brto-
poii 3akoH HuIOTOHA FrOBOPHT O TOM, KaK H3MEHHETCsI CKOpPOCcTH
Tesia, KOrma Ha Hero AeficTByoT cHabl. 4. 3aKoH paBeHCTBa
peficTBHsI H NPOTHBOJeHCTBHS OB OTKPBIT HesoToHoM H HasBaH
HM TpPeThHLHM 3aKoHOom ABiDKenHsi. 5. Hamuwn onerter H HaGOe-
HHSI MOryT INIOATBEepPAHTE CHNPaBeAIHBOCTE 3aKoHa paBeHncrea
neficrBiiss H nporTuBozieficTBHA. 6. OCHOBHBIC 3AaKOHBI MeXaHH-
KH — BTOpOii H TpeTHil 3aKoHu! HeloToHa — AaioT BOSMOXKHOCTL
peiueHHs1 OGO MeXaHH4YeCKOH 3anawus. 7. Cuna peficrBHsA

paBHa CcHJIEe 11 poneficrBusi. 8. CyliecrByroT 11 e cCay-

The grect gl The low of nerti I often

mathematician and physicist

Sir Isaac Newton formulated CG“@(J fhe HI’Sf IGW 0$

the generdl lows of motion of

hodies, M@WH,

ewton's second law s6ys W 7he ow of action and
obout how the speed of 6. | vescton s discovered b
hody when 6 Force acts on || Newton and the neme of
t the third law of motion,

Our experiences ang The basic aws of $ l
ohservations may condirm mechanics, the second and SfY@hgfv’\O W @qua
the validity of the law of ey oy l,\ ‘F il

, | it possible to solve an
imndractin, ||| ST RSO
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paBHa cuae npoTHBolAeficTrBHsIi. 8. CymecrByoT NpoOCThie Cay-
__ YaM ABHIKEeHHs, KOTOPhle MOXXHO peluarb YHCJOBBIMH METOMAaMH.
—— 9. K coykKajleHHIO, TAKHX 3aaad, KOTOophie MOryT ObLITh TOYHO
pellueHsl NPsiMBIM  MAaTEeMaTH4YEeCKHM MEeTOJOM OYeHb MAaJio.
10. YckopenHe nazaiolllero Tesa pasHo 9,8 m/cex®*. 11. B Ky-
GHYECKOM MHJIJIHMETPE ra3a CoOAep»XHTCsi GeCuHCJeHHOe KOJIH-
YeCTBO WACTHIL. [TaKylo 3a/auy HeJb3si PellHTb NMPsAiMBIMH Me-

Tonmami. 12. Hanm Hy>XHO HaHTH H JIpPyride MeTonl peuleHisi TaT
Kofi 3amauH. 13. 3aKOHEl TEUYeHHs PAaA3SHBIX >XXHJAKOCTeH HMEIOo-
MHOINO obiunero.

There o il cosgs of]{ U rturetel, these

, rblens ey ety [T G0N OF
motion 0 be slved by || solvable ot my

. (JS. mathematical methods is %” ing bodg is‘

very small,

—

e e[ We need to Find other {{7ho eus Sor dit4erent

particles, ) AL ’
Such 6 problem con not he mefuds o e h "qu'“mvea’m I

solved by direct methods, problem, common,




