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BBenenune

Berynas B 21 Bek, HEOOXOAMMO YETKO MPEACTABISTh, KAKUMU JIOJKHBI OBITh
BbICIIEEe MPOPEeCcCHOHAIbHOE 00pa30BaHUE M CIEMAIUCTHI, BBHITYCKA€MbIE BBICIIEH
mkosiol. TpeboBaHUs K MOATOTOBKE CIELHAIMCTA UCXOAAT U3 OOLIEAKOHOMHUYECKHUX
1 OOIIECTBEHHBIX LIeJIeH TOCyAapCTBa.

CrienManucT Cero/iHs — 3TO YEJIOBEK C MIMPOKUMHU OOIIMMU U CTICIMATIbHBIMU
3HAHUSIMH, CIIOCOOHBIN OBICTPO pearupoBaTh Ha U3MEHEHUS B TEXHUKE U HAYKE; eMy
HY>KHbl 0a30Bble 3HaHUS, MPOOJEMHOE, AHATUTHYECKOE MBIIUICHHE, COIUaIbHO-
MICUXOJIOTUYECKAS] KOMIIETEHTHOCTD, MHTEJIJIEKTYaJIbHAsl KyJIbTYpa.

Heo0xonuMocTh UATH B HOTY CO BpEMEHEM ONpeNeNsieT Takue 3ajJayu s
Oyayliero croenuajucTa Kak yMEHUWE 4YUTaTh W TOHUMAaTh JIUTEpaTypy Ha
MHOCTPAHHOM $3bIKE, MOAEPKUBATH MPOGECCUOHATBHOE 00IEHHE C 3apyOeKHBIMU
KOJUIETaMU, IPEACTABIATh CBOU MJIEU JI1 MHOTOSI3bIYHOM ayIUTOPUHU.

Bo3spocuiee 3HaueHue BIAJCHUS MHOCTPAHHBIM SI3BIKOM KaK MHCTPYMEHTOM
Oynyueld npodecCHOHaNbHON AESTENbHOCTU MPEAbSIBISET HOBBbIE TPEOOBAHHS K
MIPENOJAABAHUIO AHTJIMKCKOTO A3bIKAa CTyAEHTaM HeEs3bIKOBBIX BY30B, nenas akueHT
Ha MPOo(EeCCUOHATILHO-OPUEHTUPOBAHHBINA MOIX0. DTO U ONPENETUIO0 COAEp)KaHuEe U
CTPYKTYpPY JAHHOTO y4eOHOro MaTepuara.

TexkcThl MpakTUKyMa cOOpaHbl U3 PA3NIMUYHBIX Pa3esioB (U3UKU U HE TOIBKO
MTO3BOJIIIOT O3HAKOMUTBCS C €€ MCTOPHEM KaK HayKd, YYEHBIMH, BHECIUIUMH
3HAUYMTENIBHBIM BKJIAJ JJIsl €€ Pa3BUTHS, U MOCIECIHUMH JOCTHKEHUSIMH, HO U CIIyKaT
OoraTblM HMCTOYHMKOM KakK Y3KONPOQUIBHOM, Tak M OOIIETEXHUYECKON JIEKCUKH,
KOHCTPYKIMI 1 000pOTOB, UCTIOJIB3YEMbIX B TEXHUYECKOHN JIUTEPATYPE.

He ormenss 3HaunMocTd pabOThl ¢ HAYYHO-TEXHUYECKUM TEKCTOM, BCE-TaKU
HE CJeayeT CBOAUTh BCE MPOQPECCHOHAIBHO-OPUEHTUPOBAHHOE OOyuYeHHE
aHTJIMACKOMY $I3BIKY TOJBKO K TMEpeBOJy, 3a0biBass O €ro TJIaBHOW 3ajaue:
dbopMHpoOBaHUE S3BIKOBOM JIMYHOCTH, HCMOJIB3YIOMEH HMHOCTPaHHBIA S3bIK IS

OOLIEHUsI B peajbHBIX CUTyalUsX C MPEACTABUTEISAIMH JPyrux KyiabTyp. C aToi



[ENBbI0 B TMOCOOWMM JaHbl pPa3sHOOOpa3HbIC S3BIKOBHIE M PEYEBBIC YNPAKHEHHS,
pa3BUBAOIINE KOMMYHUKATHBHBIC HABBIKH.

[TockonbKy KOHEYHOW IIENIBI0 COBPEMEHHOTO OOpa3oBaHUs  SIBISCTCS
BOCIIUTAHWE JIMYHOCTH, CIOCOOHOH K CaMOpa3BUTHIO, TO  YIPAKHCHUSIM,
CrocoOCTBYIOIIMM  ()OPMUPOBAHMIO y  CTYIEHTOB TaKOrO KauecTBa  Kak
Mo3HaBaTeNbHAs CAMOCTOSITETLHOCTh B JIAHHOM MPAaKTUKyMe yIeseTcs 0coboe
BHUMAaHHUE.

[To3HaBaTenbpHas CaMOCTOSITETTHHOCTD OTIpeIeTseTCsI MOTHBAaMH,
YCTaHOBKAaMH, IETSIMHU KOHKPETHOW IJIMYHOCTH U SIBISICTCS OJHUM W3 TJIABHBIX
HUCTOYHUKOB AaKTHBHOCTH, TNPUAAIOIINX JEATEIHHOCTH HAIMPABICHHOCTh, CHIYy H
CyOBEKTHYIO 3HAYUMOCTb.

Taxum 006pa3oM, OTHOM U3 3a/1a4 PEACTABIIEMOT0 TOCOOHS SIBIIETCS 3a1a4a
BOCIIMTAHUS JINYHOCTH, CIIOCOOHOW K CaMOCTOSITENbHOCTH, CAMOKOHTPOJNIO H
oOnanmaromeil BBICOKO PAa3BUTHIMH YMEHHUSMHU II03HABATEIHHOW JCSITENBHOCTH,
rOTOBOW TBOPYECKH peIIaTh MPOOJIEMbI, TOPOXKIAAeMble HEYKJIOHHBIM pa3BHTHEM
MPOU3BOICTBA U HAYYHOTO 3HAHMSL.

OTcroa cneayeT emie 0JiHa 0COOCHHOCTh TPAKTHKYMa, COCTOSIIIAsi B TOM, YTO
HEKOTOpBIE 3a/laHusl MOOYXKIaT 00y4aeMbIX K HCIOJB30BAaHUIO JTOTIOJTHUTEIBHBIX
COBPEMEHHBIX  WCTOYHUKOB  TOJYYCHUS M  TPEIACTaBICHUs  HH(DOpMAIHH,
WHPOPMAIMOHHBIX ~ TEXHOJOTHH, TakuX Kak, Hampumep, VHTepHeT W
MYJTbTUMEIUWHBIN KJTacC IJIs TPOBECHUS TPE3CHTAIUH.

YyebHoe mnocobue 1Mo MnpodheccCuoOHAIbHO-OPUEHTUPOBAHHOMY MEPEBOAY
npeaHa3HaYeHo Uil CTYACHTOB 1, 2 M 5 KypcOB cCHenuaibHOCTEeH (PHU3UIECKOrO
dakynpreTa, HO TaK)Xe MOXET OBITh HWCIOJB30BAaHO W ISl CTYIEHTOB APYTHUX
€CTECTBEHHOHAYYHBIX U TEXHHMUYECKUX CIEIUAITBHOCTEH B KaUeCTBE JOMOHUTEIHHON
JUTEPaTypHI.

[TpakTHKyM COCTOMT M3 YEThIpEX pa3fesioB: pa3zies 00 UCTOpHH (PHU3UKU KaK
HAYKH; pas3fell, COACpXAIluid TEKCTHl U3 Pa3IMYHBIX pa3lesioB (U3WKU; pa3ien ¢

AOIIOJJHUTCIIBHBIMU TCKCTAMU U PA3ACII, BKJ]IOIlaIOH_II/Iﬁ TCPMHUHBI U COKpAIICHUA U3



TekcToB. Yepes kaxabie 3 - 5 maparpadoB aercs JeKCHKa M0 BCEeMY IMPOUJIEHHOMY
Martepuany u 0000IIaoNINUe YIPaKHEHUS.

VY4eOnbiii MmaTepuan paccuutan Ha 110 ayauTopHbix 4yacos. Llenas mocodus —
dbopMHpoBaHUE TIO3HABATEIBLHON CAMOCTOSTENBHOCTH CTYIEHTOB B IIpoliecce

npodeccuoHaIbHO-HAMPABIEHHOTO 00YUYEeHUs aHTJIMICKOMY SI3BIKY.



1 Section I The History of Physics

1.1 Text Why Study Physics, Physical Science, and Astronomy?

1.1.1 Read the text, translate it and answer the questions: What does
physics study as a science? What period of future physicist’s life is major for his

or her occupational choice?

Physics is the basis of science and technology. The laws of physics describe
the behavior of matter and energy and help us to understand the physical world. On
the smallest scale, physicists study quarks, nuclei, atoms, and other basic constituents
of matter. They also study the mechanical, electromagnetic, and thermal properties of
solids, liquids, gases, and plasmas. On the grand scale, physicists and astronomers
study stars and galaxies, and apply physical principles to questions about the nature
of the universe.

For example, in the United States more than 50,000 physicists work in
industry, educational institutions, state and federal government, and nonprofit
research centers. Some of them perform basic research in physics, while others apply
their knowledge to solve human problems in such areas as energy sources,
environmental protection, medicine, transportation, communication, meteorology,
geology, and defense.

These researchers are supported by those who teach science and engineering,
providing students with the problem-solving and laboratory skills necessary for
challenging the future. Physical science teachers are educated to work in the
elementary and middle schools where school children receive their first in-depth
exposure to science and technology. Their work is crucial because the attitudes
toward science instilled at this level generally persist for a lifetime. Physics teachers
are trained to instruct in the high school or community college, and many physicists
are employed as college professors. Besides educating future physics researchers,
physics teachers provide the knowledge of physics that is required for such fields as
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medicine, engineering, technical writing, and environmental science [3,

http://www.phy.cmich.edu/Overview/overview.shtml].

1.1.2 Read the text again. Summarize it and add personal information:
Why have you chosen your speciality? Where do physicists usually work in your

country?

1.2 Text The History of Physics

1.2.1 Read the text, translate it and name important milestones in the

history of physics.

The most advanced science at present and the one, which seems to give the
most light on the structure of the world, is physics. It is useful to have some idea of
not only what the up-to-date development of physics is but also how we came to
think in that way and how the whole of modern physics is connected with its history.
In fact, the history of this science begins with Galileo, but in order to understand his
work it will be well to see what was thought before his time.

The scholastics, whose ideas were derived from Aristotle, thought that there
were different laws for celestial and terrestrial bodies, and also for living and dead
matter. There were four elements: earth, water, air and fire, of which earth and water
were heavy, while air and fire were light. Earth and water had a natural downward
motion, air and fire upward motion. There was no idea of one set of laws for all kinds
of matter; there was no science of changes in the movements of bodies.

Galileo — and in a lesser degree Descartes — introduced the fundamental
concepts and principles which were enough for physics until the present century.
They showed that the laws of motion are the same for all kinds of dead matter and

probably for living matter also.



Galileo introduced the two principles that made mathematical physics
possible: the law of inertia and the parallelogram law. The law of inertia, now
familiar as Newton’s first law of motion made it possible to calculate the motions of
matter by means of the laws of dynamics alone.

Technically the principle of inertia meant that causal laws of physics should
be stated in terms of acceleration, i.e. a change of velocity in amount or direction or
both which was found in Newton’s law of gravitation. From the law of inertia it
followed that the causal laws of dynamics must be differential equations of the
second order, though this form of statement could not be made until Newton and
Leibniz had developed the infinitesimal calculus. Most of what students do on the
mathematical side of physics may be found in Newton’s Principia. The basic idea of
dynamics, the equations of motion, the ideas of momentum, of inertia, of mass and
acceleration were applied by Newton to large bodies like the Earth and the Moon to
explain the structure and the motion of the universe. From Newton to the end of the
19" century, the progress of physics involved no basically new principles. The first
revolutionary novelty was Planck’s introduction of the quantum constant / to explain
the structure and behaviour of atoms in the year 1900. Another departure from
Newtonian principles followed in 1905, when Einstein published his special theory of
relativity. Ten years later he published his general theory of relativity which was
primarily a geometrical theory of gravitation showing that the universe is expending.

In fact, when modern science was growing up from the time of Galileo to the
time of Newton, all the sciences were very much joined together. A single man could
do absolutely first-class research in pure mathematics, in physics, in camistry and
even in biology. Towards the end of that time the sciences were beginning to separate
and after that they continued to separate more and more.

Just at this moment we can see a great convergence of all sciences. Physics is
increasingly penetrating all the other parts of science and this is evident in the names
of the new hybrid subjects. We have long had physical chemistry; now we have
chemical physics, which is different not so much in the propotion of physics and

chemistry, but in its central interest of extending the range of physics. A biologist



cannot do without knowledge of modern physics, while a physicist must know
something of biology, as he may find a great deal of his work will be concerned with
biophysics. The mathematical aspect of physics is also becoming much more evident
especially now that we are having a growing symbiosis between physics and
mathimatics in computational physics.

Our job in physics is to see things simply, to understand a great many
complicated phenomena in a unified way, in terms of a few simple principles. You

cannot predict what will happen in future, but you have to be ready to meet it [1, C.

186-187].

1.2.2 Find key sentences in the text and retell it.

1.2.3 Scan the text from Wikipedia about Physics History and answer:

What facts weren’t mentioned in the previous text?

The History of Physics (From Wikipedia, the free encyclopedia)

Physics is the science of matter and its behaviour and motion. It is one of the
oldest scientific disciplines. The first written work of physics with that title was
Aristotle's Physics.

Elements of what became physics were drawn primarily from the fields of
astronomy, optics, and mechanics, which were methodologically united through the
study of geometry. These disciplines began in Antiquity with the Babylonians and
with Hellenistic writers such as Archimedes and Ptolemy, then passed on to the
Arabic-speaking world where they were critiqued and developed into a more physical
and experimental tradition by scientists such as Ibn al-Haytham and Abu Rayhan
Biriini, before eventually passing on to Western Europe where they were studied by
scholars such as Roger Bacon and Witelo. They were thought of as technical in

character and many philosophers generally did not perceive their descriptive content
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as representing a philosophically significant knowledge of the natural world. Similar
mathematical traditions also existed in ancient Chinese and Indian sciences.

Meanwhile, philosophy, including what was called “physics”, focused on
explanatory (rather than descriptive) schemes developed around the Aristotelian idea
of the four types of “causes”. According to Aristotelian and, later, Scholastic physics,
things moved in the way that they did because it was part of their essential nature to
do so. Celestial objects were thought to move in circles, because perfect circular
motion was considered an innate property of objects that existed in the uncorrupted
realm of the celestial spheres. The theory of impetus, led to the concepts of inertia
and momentum, also belonged to this philosophical tradition, and was developed by
medieval philosophers such as John Philoponus, Avicenna and Jean Buridan. The
physical traditions in ancient China and India were also largely philosophical.

In the philosophical tradition of “physics”, motions below the lunar sphere
were seen as imperfect, and thus could not be expected to exhibit consistent motion.
More idealized motion in the “sublunary” realm could only be achieved through
artifice, and prior to the 17th century, many philosophers did not view artificial
experiments as a valid means of learning about the natural world. Instead, physical
explanations in the sublunary realm revolved around tendencies. Stones contained the
element earth, and earthy objects tended to move in a straight line toward the center
of the universe (which the earth was supposed to be situated around) unless otherwise
prevented from doing so. Other physical explanations, which would not later be
considered within the bounds of physics, followed similar reasoning. For instance,
people tended to think, because people were, by their essential nature, thinking

animals [10, http://en.wikipedia.org/wiki/History of physics].

1.2.4 Look through the text and find the English equivalents for the
following Russian phrases and word-combinations:

JIpeBHETpevYecKre nucaTenu; MHorue puaocodsl B 0011eM HE BOCIIPUHUMAIIH;

MPUPOAHOE CBOMCTBO; KOTOpBIE CYILECTBOBAIM B HEHCKa)XXeHHOU cdepe; Teopus

JBUKYLIEU CHJIBI.
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1.3 Revision texts 1.1 -1.2

1.3.1 Match words and word-combinations with their translation:

computation physics JIBIDKEHHUE BHU3

celestial body MpaBWJIO NapajjiesorpaMmma

lunar sphere aapa

hybrid subjects muddepeHnaIbHOE ypaBHEHUE

infinitesimal calculus rpaBUTAIUS

parallelogram law KBapKu ((pyH1aMEHTaIbHBIC YaCTHIIBI)

upward motion KUBasi MaTepust

medieval philosopher pacupsaTh(cs)

explanatory scheme CKOPOCTh

quantum constant YYEHBIN

gravitation MPUYUHHBIN 3aKOH

quarks BBIUMCIIHTENbHAS (U3HKA

innate property DJICMCHTHI BEIIECTBA

convergence cXeMa OIMUCAHUS

differential equation CXOJIACTHKA

downward motion YCKOpEHHE

descriptive scheme 00bEeIMHEHHBIC TPEIMETHI

dead matter HHEPIUS

to expend JBUKCHUE BBEPX

causal law HCUYHUCTIEHNE 0€CKOHEYHO MaJIbIX

nuclei CXOXKJCHUE B OJHOM TOYKE, COIMKECHUE,
KOHBEPICHITUS

scholar CpeIHEBEKOBBIN (hrI0CcCOd

acceleration 3eMHOE TeJI0

constituents of matter nyHHas cdepa

velocity MPUPOAHOE CBOMCTBO

12




terrestrial body TEOpHUs IBHXKYIIECH CHUIIbI
scholastics (scholasticism) cxeMa 00BbSICHEHHS
inertia HEXKMBAasi MaTepus

living matter KBaHTOBasl OCTOSIHHAS
theory of impetus HeOecHOe TeNo

1.3.2 Find the sentences with these words and word-combinations in texts

1.1 — 1.2 and translate them.

1.3.3 Prepare the words and word-combinations for a dictation.

1.3.4 Translate the following text into English. You may use vocabulary

notes below it.

AHTHYHAsA pusuka

B aHTuuyHblE BpeMeHa, MOJENIb SBICHUWA MPUPOABI YACTO 3aMEHSIIU
penurno3nbsie MUQHBI (““MOJTHUS €CTh THEB OOTOB”).

CpenctB 17151 IPOBEPKU TEOPH B IPEBHOCTH OBLIO KpaifHe Majo, Jae eciu
pedyb IIla O 3EMHBIX KaXKIOJHEBHBIX SBICHUSX. EauHCTBeHHash ¢u3ndeckas
BEJIMYMHA, KOTOPYIO YMEIU TOTJa AOCTATOYHO TOYHO M3MEPSTh — JIJIMHA; MO3XKE K
Hel 700aBWiICS yroia. DTajJOHOM BPEMEHM CIYXWIM CYTKH, KOTOpbie B [[peBHeM
Erunre nenmunm He Ha 24 yaca, a Ha 12 gHeBHBIX M 12 HounbIX. Ho maxke kxornga
YCTAHOBUWJIM MPUBBIYHBIC HAM €IUHUIIBI BPEMEHH, U3-3a OTCYTCTBUSI TOUHBIX HYacOB
OOJIBITMHCTBO (DU3UUECKUX SKCIEPUMEHTOB OBUIO MPOCTO HEBO3MOXXHO IMPOBECTH.
ITosTOMyY €CTECTBEHHO, YTO BMECTO HAYYHBIX IIKOJ BO3HUKAJIM MOIYpPEIUTHO3HbBIC
YUCHHUS.

[Ipeobnanana reoneHTpUYecKass cHCTEMa MHUpa, XOTa Tudaropenibl
pa3BUBAIM U MUPOLICHTPUUECKYIO, B KOTOpOU 3BE3/1b1, CosHile, JIyHa U mecTh riaHeT
obOpamarorcst Bokpyr LlentpansHoro OrHs. UTOOBI BCETO MOMYYHIIOCH CBSAIICHHOE

quciao HebecHbIX cdep (mecarh), IMecTor ImiaHeToil o0bsBuiIU [IpoTHBO3EMITIO.
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Bnpouem, otaensubie mnudaropeinbr (Apuctapx Camocckuii U ap.) co3gaiu
reJIMOLEHTPUYECKYI0 cucTeMy. Y mudaropeiiieB BO3HUKIO BIEpPBbIE U TOHSATHE
a(upa Kak BCEOOIETO 3aMOJTHUTENS MYCTOTHI.

[lepByto GopMyIUPOBKY 3aKOHA COXPAHEHUS MATEPUU MPETIOKUIT DMIIETO0KI
B V Beke 110 H. d.:

Huuto HEe MOXET MpOU30MTH M3 HUYEro, U HUKAK HE MOXET TO, YTO €CTb,
YHUUTOXKHUTHCS.

[To3e aHanOrM4HbIN TE3UC BbICKAa3bIBAIHN J{eMOKpUT, APUCTOTENH U IPYTHE.

Tepmun “®@u3rka” BO3HUK KaK HA3BAHUE OJHOTO U3 COUMHEHUN APHUCTOTENS.
[IpenmeToM 3TON Hayku, MO MHEHHIO aBTOpa, OBLJIO BBISICHEHUE IEPBONPUYUH
SIBJICHUU.

Takoit monxom nponro (daxktuuecku g0 HbproTOHA) oOTHaBan MPUOPUTET
MeTadu3nyeckuM (paHTa3usM Iepel] ONBITHBIM HccieoBaHueM. B wacTHoCTH,
ApucToTens W €ro TMoCJeNOoBaTeNM  YTBEpKIald, 4YTO JABW)KEHHE Tela
MOJJIEP)KUBACTCS TMPUIIOKEHHOM K HEMY CHIOH, U Tpu €€ OTCYTCTBUHM TEJO
octaHoBuTcA (1o HpIOTOHY, TENO COXpaHsSET CBOIO CKOPOCTb, a JIEUCTBYIOLIAs CHUJIa
MEHAET €€ 3HaU€HHUE U/UITM HAIIPABIICHHUE).

Hekoropble aHTHUYHBIE WIKOJIBI MPEIJIOXKUIM YyuyeHue o0 aromax Kak
MEPBOOCHOBY MaTepHH. DMUKYP Jla)ke MoJiaraji, 4To cBo00Aa BOJIU YEeJIOBEKa BbI3BaHA
TEM, YTO JBUKEHUE aTOMOB MOABEPKEHO CIYyYalHBIM CMEIICHUSIM.

Kpome maTeMaTuku, 37UIMHBI YCTICIIHO Pa3BUBAIN ONTHKY.

Tem He MeHee, B ONTUKE APEeBHUX ObUIM U rpyOblie omnOku. Hanpumep, yron
MPEJIOMJICHUS] CUUTAIICS MPONOPLUUOHANBHBIM YIIIy MajeHus (3Ty OUIMOKY pa3ziessi
naxe Kemep). ['unore3sl o npuponie cBeTa U IBETHOCTH ObUIM MHOTOYMCIEHHBI U

noBoJibHO Heensl [ 10, http://en.wikipedia.org/wiki/History of physics].

Vocabulary notes:
['eouenTpuueckas cuctema (MoJieab Mupa) - geocentric model;
nugaropeiinbl — Pythagoreans;

MUAPOLIEHTPHUUECKAS MOJIENb - pyrocentric model;
9
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[IpotuBo3emiis - Anti-earth;

Apuctapx Camocckuii — Aristarkh Samossky;
reJIMoleHTpUUecKas cuctema — heliocentric model;
Owmnenoxin — Empidocle;

Hemoxput — Democritis;

Apuctortens — Aristotle;

Hproton — Newton;

Onukyp — Epicur;

Okl — Hellenes;

Kennep — Kepler.

1.3.5 Read texts 1.1 — 1.2, 1.3.4 again, find the unknown words in the
dictionary and prepare the presentation of your report on “The History of

Physics”. You may use Internet to add some information.

1.4 Text Emergence of Experimental Method and Physical Optics

1.4.1 Read the text and answer the questions: What is your attitude to
Ibn al-Haytham? Have you read any of his books? Do you like them?

The use of experiments in the sense of empirical procedures in geometrical
optics dates back to second century Roman Egypt, where Ptolemy carried out several
early such experiments on reflection, refraction and binocular vision. Due to his
Platonic methodological paradigm of “saving the appearances”, however, he
discarded or rationalized any empirical data that did not support his theories, as the
idea of experiment did not hold any importance in Antiquity. The incorrect emission

theory of vision thus continued to dominate optics through to the 10th century.
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Figure 1 - Ibn al-Haytham (965-1039)

The turn of the second millennium saw the emergence of experimental
physics with the development of an experimental method emphasizing the role of
experimentation as a form of proof in scientific inquiry, and the development of
physical optics where the mathematical discipline of geometrical optics was
successfully unified with the philosophical field of physics. The Iraqi physicist, Ibn
al-Haytham (Alhazen), is considered a central figure in this shift in physics from a
philosophical activity to an experimental and mathematical one, and the shift in
optics from a mathematical discipline to a physical and experimental one. Due to his
positivist approach, his Doubts Concerning Ptolemy insisted on scientific
demonstration and criticized Ptolemy’s confirmation bias and conjectural
undemonstrated theories. His Book of Optics (1021) was the earliest successful
attempt at unifying a mathematical discipline (geometrical optics) with the
philosophical field of physics, to create the modern science of physical optics. An
important part of this was the intromission theory of vision, which in order to prove,
he developed an experimental method to test his hypothesis. He conducted various
experiments to prove his intromission theory and other hypotheses on light and
vision. The Book of Optics established experimentation as the norm of proof in
optics, and gave optics a physico-mathematical conception at a much earlier date than
the other mathematical disciplines. His On the Light of the Moon also attempted to
combine mathematical astronomy with physics, a field now known as astrophysics, to
formulate several astronomical hypotheses which he proved through experimentation

[10, http://en.wikipedia.org/wiki/History of physics].
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1.4.2 Note to text 1.4.1:
o Ibn al-Haytham - 6n an-Xaiicam.

1.5 Text Galileo Galilei and the rise of physico-mathematics

1.5.1 Read the text and answer: What is Galileo famous for? Reread the
third and the fourth abstracts of text 1.2.1 and make a list of Galileo’s

contributions to science using the information from both the texts.

In the 17th century, natural philosophers began to mount a sustained attack on
the Scholastic philosophical program, and supposed that mathematical descriptive
schemes adopted from such fields as mechanics and astronomy could actually yield
universally valid characterizations of motion. The Tuscan mathematician Galileo

Galilei was the central figure in the shift to this perspective.

Figure 2 - Galileo Galilei (1564-1642)

As a mathematician, Galileo’s role in the university culture of his era was
subordinated to the three major topics of study: law, medicine, and theology (which
was closely allied to philosophy). Galileo, however, felt that the descriptive content
of the technical disciplines warranted philosophical interest, particularly because
mathematical analysis of astronomical observations—notably the radical analysis

offered by astronomer Nicolaus Copernicus concerning the relative motions of the
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sun, earth, moon, and planets—indicated that philosophers’ statements about the
nature of the universe could be shown to be in error. Galileo also performed
mechanical experiments, and insisted that motion itself—regardless of whether that
motion was natural or artificial—had universally consistent characteristics that could
be described mathematically.

Galileo used his 1609 telescopic discovery of the moons of Jupiter, as
published in his Sidereus Nuncius in 1610, to procure a position in the Medici court
with the dual title of mathematician and philosopher. As a court philosopher, he was
expected to engage in debates with philosophers in the Aristotelian tradition, and
received a large audience for his own publications, such as The Assayer and
Discourses and Mathematical Demonstrations Concerning Two New Sciences, which
was published abroad after he was placed under house arrest for his publication of
Dialogue Concerning the Two Chief World Systems in 1632.

Galileo’s interest in the mechanical experimentation and mathematical
description in motion established a new natural philosophical tradition focused on
experimentation. This tradition, combining with the non-mathematical emphasis on
the collection of "experimental histories" by philosophical reformists such as William
Gilbert and Francis Bacon, drew a significant following in the years leading up to and
following Galileo’s death, including Evangelista Torricelli and the participants in the
Accademia del Cimento in Italy; Marin Mersenne and Blaise Pascal in France;
Christiaan Huygens in the Netherlands; and Robert Hooke and Robert Boyle in
England [10, http://en.wikipedia.org/wiki/History of physics].

1.5.2 Retell the text using the list of Galileo’s contributions.
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1. 6 Text The Cartesian Philosophy of Motion

1.6.1 Read the text, traslate it and answer the questions: What was the

role of René Descartes in the development of science? What is he notable by?

Figure 3 - René Descartes (1596-1650)

The French philosopher René Descartes was well-connected to, and
influential within, the experimental philosophy networks. Descartes had a more
ambitious agenda, however, which was geared toward replacing the Scholastic
philosophical tradition altogether. Questioning the reality interpreted through the
senses, Descartes sought to reestablish philosophical explanatory schemes by
reducing all perceived phenomena to being attributable to the motion of an invisible
sea of “corpuscles”. (Notably, he reserved human thought and God from his scheme,
holding these to be separate from the physical universe). In proposing this
philosophical framework, Descartes supposed that different kinds of motion, such as
that of planets versus that of terrestrial objects, were not fundamentally different, but
were merely different manifestations of an endless chain of corpuscular motions
obeying universal principles. Particularly influential were his explanation for circular
astronomical motions in terms of the vortex motion of corpuscles in space (Descartes
argued, in accord with the beliefs, if not the methods, of the Scholastics, that a
vacuum could not exist), and his explanation of gravity in terms of corpuscles

pushing objects downward.
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Descartes, like Galileo, was convinced of the importance of mathematical
explanation, and he and his followers were key figures in the development of
mathematics and geometry in the 17th century. Cartesian mathematical descriptions
of motion held that all mathematical formulations had to be justifiable in terms of
direct physical action, a position held by Huygens and the German philosopher
Gottfried Leibniz, who, while following in the Cartesian tradition, developed his own
philosophical alternative to Scholasticism, which he outlined in his 1714 work, The

Monadology [10, http://en.wikipedia.org/wiki/History of physics].

1. 7 Text Newtonian Motion versus Cartesian Motion

1.7.1 Before reading the text aswer the question: What do you know

about Newton? Now read it and say: What new facts have you learnt?

In the late 17th and early 18th centuries, the Cartesian mechanical tradition
was challenged by another philosophical tradition established by the Cambridge
University mathematician Isaac Newton. Where Descartes held that all motions
should be explained with respect to the immediate force exerted by corpuscles,
Newton chose to describe universal motion with reference to a set of fundamental
mathematical principles: his three laws of motion and the law of gravitation, which

he introduced in his 1687 work Mathematical Principles of Natural Philosophy.

Figure 4 - Sir Isaac Newton, (1643-1727)
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Using these principles, Newton removed the idea that objects followed paths
determined by natural shapes (such as Kepler’s idea that planets moved naturally in
ellipses), and instead demonstrated that not only regularly observed paths, but all the
future motions of any body could be deduced mathematically based on knowledge of
their existing motion, their mass, and the forces acting upon them. However,
observed celestial motions did not precisely conform to a Newtonian treatment, and
Newton, who was also deeply interested in theology, imagined that God intervened to

ensure the continued stability of the solar system.

Figure 5 - Gottfried Leibniz, (1646-1716)

Newton’s principles (but not his mathematical treatments) proved
controversial with Continental philosophers, who found his lack of metaphysical
explanation for movement and gravitation philosophically unacceptable. Beginning
around 1700, a bitter rift opened between the Continental and British philosophical
traditions, which were stoked by heated, ongoing, and viciously personal disputes
between the followers of Newton and Leibniz concerning priority over the analytical
techniques of calculus, which each had developed independently. Initially, the
Cartesian and Leibnizian traditions prevailed on the Continent (leading to the
dominance of the Leibnizian calculus notation everywhere except Britain). Newton
himself remained privately disturbed at the lack of a philosophical understanding of
gravitation, while insisting in his writings that none was necessary to infer its reality.

As the 18th century progressed, Continental natural philosophers increasingly
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accepted the Newtonians’ willingness to forgo ontological metaphysical explanations
for mathematically described motions [10,

http://en.wikipedia.org/wiki/History of physics].

1.7.2 Find key sentences in the text and retell it. You may use Internet to

get supplementary information.

1.8 Revision texts 1.4 - 1.7

1.8.1 Match words and word-combinations with their translation:

refraction OMHOKYJISIPHOE 3pEHUE

immediate force AMITUPUYECKUN METO]T

scientific inquiry (investigation) pelieHue, TpakTOBKA

corpuscular motion J0Ka3aTCJIbCTBO

universe FHHOTeTquCKHﬁ, HpCIIHOJIO)I(I/ITeJIBHBIﬁ

positivist approach ecTecTBeHHas (mpucyuias) popma

justifiable HKCIIEpUMEHTaNbHas (PU3uKa

solar system oorocioBue

intromission theory BUXPEBOE JBHKCHUE

metaphysical explanation cuJa, JICHCTBYIOIIAs HEMOCPEICTBEHHO

empirical procedure reOMETPHUYECKas ONTHUKA

to deduce mathematically MaTeMaTuyeckas aCTpOHOMUS

Tuscan mathematician MHUp, BCEJICHHAs, KOCMOC

natural shape OTpakeHHe

to discard CKJIOHHOCTh K YTBEpXKIEHUsIM (Kak

IIpaBHIIO, HCHOI[TBCP)KI[CHHBIM)

geometrical optics

npesioMmieHue, pedpakius

natural philosopher

MO3UTUBUCTCKUM I1oaAxon
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theology TEOPHS SMUCCUU

proof KOPITYCKYJIIPHOE TBUKCHHE

mathematical astronomy Teopus UHTPOMUCCHH (Bmycka,
BXOXKJICHUS )

vortex motion HAYYHOE MCCIIeIOBaHNE, U3yUCHHE

to obey MeTadu3nuecKkoe 00bsICHEHNE

binocular vision COCTOSITEIbHBIN

treatment ¢unocodckass  CTpyKTypa, CcHUCTEMa
B3TJISI/I0B

experimental physics ATPYCCKHI  MaTeMaTuK (MaTeMaTHK-
TOCKaHEII)

conjectural OTKa3bIBaThCA (OT MPEKHUX B3TIISIOB)

reflection BBIBOJIUTh MaTeMaTUYECKH

philosophical framework HaTyphuiocod, ecTeCTBOUCTIHITATEND

confirmation bias COJIHEYHAsl CUCTEMA

emission theory MOIYUHATHCS

1.8.2 Find the sentences with these words and word-combinations in texts

1.4 — 1.7 and translate them.

1.8.3 Prepare the words and word-combinations for a dictation.

1.8.4 Translate the following texts into English. You may use vocabulary

notes below them.

Non an-Xaiicam. I[lbiTasce aokazaTh NATHIA mocTynaT EBkinaa, XOTh U
omuboyHo, MIOH an-Xalicam BIEpBBIE PACCMOTPEN YETHIPEXYTOJBHUK, ¥ KOTOPOTO
TpU BHYTPEHHUX yriia — mpsiMbie. OH chopMyarupoBaia TpU BO3MOXKHBIX BapHaHTa
JUISL 4eTBEPTOTO yriia: OCTPbINA, MpsiMOH, Tymoil. OOCYXKIeHHE ITUX TPEX THUIIOTE3

MHOT'OKPAaTHO BO3HHUKAJIO B Oonee IIO3AHUX UCCIICIOBAaHUAX.
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N6n an-XalicaMy NOpUHAIICKHUT OOJIBIIOE KOJIUYECTBO COUYMHEHUH,
MOBJMSIBUIMX Ha pPa3BUTHE MATEMAaTHUUYECKOW Hayku, U (QyHAAMEHTAJIbHBIA TPYJ IO
ONTUKE B 7 TOMaX.

B obnactu ¢usmonornueckoil ONTUKA OH JaJl OMMCAaHUE CTPOCHUS TJaza U
BBIJIBUHYJI COOCTBEHHYIO TEOPUIO, COTJIACHO KOTOPOM 3pUTENbHBIN 00pa3 moiaydaercs
IIPY TIOMOIIM JIyY€l, KOTOPbIE UCITYCKAIOTC BUAUMBIMU TEJIaMH U IOINAJAI0T B IJIA3.
OH xe nmanm mpaBWIbHOE IMpeAcTaBlieHHe OMHOKYJsipHOro 3peHus. Haxoner, o
BBICKa3aJl IPEAIIOI0KEHNE O KOHEYHOCTH CKOPOCTH CBETA.

N6H an-XalicaMy NpUHAUICKUT TakKe psii COYMHEHUH MO acTPOHOMUU [8,

http://ieeexplore.ieee.org/Xplore/Ibn_al Haytham].

Vocabulary notes:

nsaTeiil moctynar Eskinna — Euclidean fifth postulate;
BHYTpeHHMH yroi - concluded angle;

npsiMoit yrodn - right angle;

OCTpHIii yron - sharp angle;

TyHoM yroi - obtuse angle;

OMHOKYJsIpHOE 3peHue - binocular vision.

JexapT. Ousndeckue uccieaoBanus Jlekapra oTHOCATCS TIaBHBIM 00pa3om
K MEXaHHUKE, ONTUKE U CTPOCHUIO BeenenHom.

JlekapT BBEN TMOHATHE “CHiBI” (MEpBI) ABMKCHHUs (KOJIMYECTBA JIBIDKEHUS),
nojipa3yMeBasi 1Moji HUM IMPOU3BEJCHUE “‘BETUUMHBI Tejla (Macchl) Ha aOCOJIIOTHOE
3HaYeHHE €ro ckopocTu. DpaHIy3cKUil yYeHBIH CcHOpPMYITHpPOBAI TaKXKe 3aKOH
COXpaHEHHUsl JBWKCHHs (KOMMYECTBAa [IBIDKEHUS), OJHAKO HE YUYMTHIBAN, YTO
KOJIMYECTBO JBMIKCHUSI SIBISICTCS BEKTOPHON BETMUUHOM.

OH wuccnemoBal 3aKOHBI yaapa, BIEpBbIE YETKO CHOPMYTHpPOBAT 3aKOH
unepiuu (1644).

JlekapT TepBBIA MaTeMaTHYECKH BBIBEN 3aKOH TIPEJIOMJICHHsI CBETa Ha

IpaHULIe JIBYX pPa3lHuHbIX cpel. TouHas (QopMyJIHpOBKAa 3TOTO 3aKOHA IMO3BOJIMIIA
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YCOBEPIIICHCTBOBATh ONTUYECKHUE MPUOOPHI, KOTOPBIE TOT/Ia CTAIN UTPaTh OTPOMHYIO
POJIb B aCTPOHOMHUH W HABUTAITUU (2 BCKOPE M B MUKPOCKOIIHH ).

®dunocodus lekapra Obuta 1yaaTucTUYECKOM.

['nmaBHbIM BKJIagoM JlekapTta B Gpusiocouio cTajio KIacCM4eckoe MOCTPOeHUE
dbunocoduu panroHagIu3Ma Kak YHUBEpCaIbHOTO METO/1a TTO3HAHUS.

Ucxonnoii Toukon paccyxkaeHui Jlekapra siBIgeTcs “COMHEHHE BO BCEM [8,

http://ieeexplore.ieee.org/Xplore/Rene Descartes].

Vocabulary notes:

npesniomieHue ceeta — light refraction;
paznuunblie cpeanl — different media;
nyanuctuaeckuid — dualistic;

paloHaau3M - rationalism.

1.9 Text Rational Mechanics in the 18th Century

1.9.1 Read the text, translate it and name the main steps of the mechanics

development in the 18th century.

Figure 6 - Leonhard Euler, (1707-1783)

The mathematical analytical traditions established by Newton and Leibniz

flourished during the 18th century as more mathematicians learned calculus and

25



elaborated upon its initial formulation. The application of mathematical analysis to
problems of motion was known as rational mechanics, or mixed mathematics (and
was later termed classical mechanics). This work primarily revolved around celestial
mechanics, although other applications were also developed, such as the Swiss
mathematician Daniel Bernoulli’s treatment of fluid dynamics, which he introduced
in his 1738 work Hydrodynamica.

Rational mechanics dealt primarily with the development of elaborate
mathematical treatments of observed motions, using Newtonian principles as a basis,
and emphasized improving the tractability of complex calculations and developing of
legitimate means of analytical approximation. A representative contemporary
textbook was published by Johann Baptiste Horvath. By the end of the century
analytical treatments were rigorous enough to verify the stability of the solar system
solely on the basis of Newton’s laws without reference to divine intervention—even
as deterministic treatments of systems as simple as the three body problem in
gravitation remained intractable.

British work, carried on by mathematicians such as Brook Taylor and Colin
Maclaurin, fell behind Continental developments as the century progressed.
Meanwhile, work flourished at scientific academies on the Continent, led by such
mathematicians as Daniel Bernoulli, Leonhard Euler, Joseph-Louis Lagrange, Pierre-
Simon Laplace, and Adrien-Marie Legendre. At the end of the century, the members
of the French Academy of Sciences had attained clear dominance in the field [10,

http://en.wikipedia.org/wiki/History of physics].

1.10 Text Physical Experimentation in the 18th and early 19th Centuries

1.10.1 Read the text, translate it and choose the best ending to the
sentences:
a) Newton’s book Opticks...

e showed him to be a prominent experimenter;
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o led to new important discoveries;
b) In the 18th century the experiments in different feilds of science...

e were not clearly understood;

e  were rather mixed to each other;

c¢) Soon the experimentation tradition...

e led to the development of new kinds of research laboratories;

e caused some new types of apparatus and instruments to appear;

d) In the early years of the 19th century analytical methods of rational
mechanics began to be applied to experimental phenomena. ..

e  mostly due to Joseph Fourier;

e thanks to Thomas Young and Michael Faraday.

At the same time, the experimental tradition established by Galileo and his
followers persisted. The Royal Society and the French Academy of Sciences were
major centers for the performance and reporting of experimental work, and Newton
was himself an influential experimenter, particularly in the field of optics, where he
was recognized for his prism experiments dividing white light into its constituent
spectrum of colors, as published in his 1704 book Opticks (which also advocated a
particulate interpretation of light). Experiments in mechanics, optics, magnetism,
static electricity, chemistry, and physiology were not clearly distinguished from each
other during the 18th century, but significant differences in explanatory schemes and,
thus, experiment design were emerging. Chemical experimenters, for instance, defied
attempts to enforce a scheme of abstract Newtonian forces onto chemical affiliations,
and instead focused on the isolation and classification of chemical substances and
reactions.

Nevertheless, the separate fields remained tied together, most clearly through
the theories of weightless “imponderable fluids", such as heat (“caloric”), electricity,
and phlogiston (which was rapidly overthrown as a concept following Lavoisier’s
identification of oxygen gas late in the century). Assuming that these concepts were

real fluids, their flow could be traced through a mechanical apparatus or chemical
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reactions. This tradition of experimentation led to the development of new kinds of
experimental apparatus, such as the Leyden Jar and the Voltaic Pile; and new kinds of
measuring instruments, such as the calorimeter, and improved versions of old ones,
such as the thermometer. Experiments also produced new concepts, such as the
University of Glasgow experimenter Joseph Black’s notion of latent heat and
Philadelphia intellectual Benjamin Franklin’s characterization of electrical fluid as
flowing between places of excess and deficit (a concept later reinterpreted in terms of
positive and negative charges).

While it was recognized early in the 18th century that finding absolute
theories of electrostatic and magnetic force akin to Newton’s principles of motion
would be an important achievement, none were forthcoming.

This impossibility only slowly disappeared as experimental practice became
more widespread and more refined in the early years of the 19th century in places
such as the newly-established Royal Institution in London, where John Dalton argued
for an atomistic interpretation of chemistry, Thomas Young argued for the
interpretation of light as a wave, and Michael Faraday established the phenomenon of

electromagnetic induction.

Figure 6 - Michael Faraday (1791-1867) delivering the 1856

Christmas Lecture at the Royal Institution

Meanwhile, the analytical methods of rational mechanics began to be applied
to experimental phenomena, most influentially with the French mathematician Joseph
Fourier’s analytical treatment of the flow of heat, as published in 1822 [10,
http://en.wikipedia.org/wiki/History of physics].
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1.11 Text Thermodynamics, Statistical Mechanics, and Electromagnetic

Theory

1.11.1 Read the text, translate it and find one extra step in the list of main

steps below the text.

The establishment of a mathematical physics of energy between the 1850s
and the 1870s expanded substantially on the physics of prior eras and challenged
traditional ideas about how the physical world worked. While Pierre-Simon Laplace’s
work on celestial mechanics solidified a deterministically mechanistic view of objects
obeying fundamental and totally reversible laws, the study of energy and particularly

the flow of heat, threw this view of the universe into question.

Figure 7 - William Thomson (1824-1907),
later Lord Kelvin

Drawing upon the engineering theory of Lazare and Sadi Carnot, and Emile
Clapeyron; the experimentation of James Prescott Joule on the interchangeability of
mechanical, chemical, thermal, and electrical forms of work; and his own Cambridge
mathematical tripos training in mathematical analysis; the Glasgow physicist William
Thomson and his circle of associates established a new mathematical physics relating
to the exchange of different forms of energy and energy overall conservation (what is
still accepted as the “first law of thermodynamics”). Their work was soon allied with

the theories of similar but less-known work by the German physician Julius Robert
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von Mayer and physicist and physiologist Hermann von Helmholtz on the

conservation of forces.

Figure 8 - Ludwig Boltzmann (1844-1906)

Taking his mathematical cues from the heat flow work of Joseph Fourier (and
his own religious and geological convictions), Thomson believed that the dissipation
of energy with time (what is accepted as the “second law of thermodynamics™)
represented a fundamental principle of physics, which was expounded in Thomson
and Peter Guthrie Tait’s influential work Treatise on Natural Philosophy. However,
other interpretations of what Thomson called thermodynamics were established
through the work of the German physicist Rudolf Clausius. His statistical mechanics,
which was elaborated upon by Ludwig Boltzmann and the British physicist James
Clerk Maxwell, held that energy (including heat) was a measure of the speed of
particles. Interrelating the statistical likelihood of certain states of organization of
these particles with the energy of those states, Clausius reinterpreted the dissipation
of energy to be the statistical tendency of molecular configurations to pass toward
increasingly likely, increasingly disorganized states (coining the term “entropy” to
describe the disorganization of a state). The statistical versus absolute interpretations
of the second law of thermodynamics set up a dispute that would last for several
decades (producing arguments such as “Maxwell's demon”), and that would not be
held to be definitively resolved until the behavior of atoms was firmly established in

the early 20th century.
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Meanwhile, the new physics of energy transformed the analysis of
electromagnetic phenomena, particularly through the introduction of the concept of
the field and the publication of Maxwell’s 1873 Treatise on Electricity and
Magnetism, which also drew upon theoretical work by German theoreticians such as
Carl Friedrich Gauss and Wilhelm Weber. The encapsulation of heat in particulate
motion, and the addition of electromagnetic forces to Newtonian dynamics
established an enormously robust theoretical underpinning to physical observations.
The prediction that light represented a transmission of energy in wave form through a
“luminiferous ether”, and the seeming confirmation of that prediction with Helmholtz
student Heinrich Hertz’s 1888 detection of electromagnetic radiation, was a major
triumph for physical theory and raised the possibility that even more fundamental
theories based on the field could soon be developed. Research on the transmission of
electromagnetic waves began soon after, with the experiments conducted by
physicists such as Nikola Tesla, Jagadish Chandra Bose and Guglielmo Marconi
during the 1890s  leading to  the invention of radio [10,
http://en.wikipedia.org/wiki/History of physics].

Main steps of the physical science and mechanics development in the
second half of the 19th century:

1. The new study of energy throws the deterministically mechanistic view
of the universe into question.

2. A new mathematical physics relating to the exchange of different forms
of energy and energy’s overall conservation is introduced.

3. The second law of thermodynamics and other interpretations appeare.

4. The new physics of energy transformed the analysis of electromagnetic
phenomena.

5. The prediction that light represents a transmission of energy in wave
form and some other scientific events raise the possibility that even more

fundamental theories based on the field could be developed.
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6. After the publication of Maxwell’s 1873 Treatise on Electricity and
Magnetism a new self-propelled vehicle is built.
7. The research on the transmission of electromagnetic waves during the

1890s leads to the invention of radio.

1.11.2 Look through the text and find the English equivalents for the
following Russian phrases and word-combinations:

JNETEPMUHUCTUYECKA MEXaHUCTUYECKOE TTOHUMAaHUE; TTOJTHOCThI0 00paTUMBbIE
3aKOHBI; TIOJIHOE€ COXpaHEHUE PHEPTruM; padboTa, MOCBSIIECHHAS TEIUIOBOMY MOTOKY;
€MHUIIa U3MEPEHUSI CKOPOCTH YACTHUII; YCTAHBJIMBAS CTATUCTHUYECKYIO BEPOSTHOCTD;

qpestlqaﬁHO MMPOYHOC TCOPCTUUCCKOC O6OCHOBaHI/IC; nepeaada 3JICKTOPOMAIrHUTHBIX

BOJTH.
1.12 Revision texts 1.9 - 1.11
1.12.1 Match words and word-combinations with their translation:
calorimeter AIEKTPOMArHUTHas! MHAYKIUS
application (bIoTHCTOH
Voltaic Pile aHAIUTUYECKas anmnpoKCUMaIus

(okpyrieHue, mpuodInKEHuE)

rational mechanics

TCUCHHC, ITIOTOK

weightless TEPMOJIMHAMMKA

Leyden Jar ONPEAEICHUE MPUPOIABI CBETA, Kak
COCTOSIILIEr0 U3 YaCTHUIL

magnetism KAJIOPUMETP

fluid dynamics

CJIOXKHBIC BBIYUCIICHUA

entropy CTaTUYECKOE IEKTPUUECTBO
to elaborate upon MpUMEHEHHUE
chemical affiliation TPaKTOBKa

32




oxygen

npusma

analytical approximation

ucxoaHast GopMyIupOBKa

phlogiston

r'mapoaJnHaMuKa

flow

JIerIeHcKas OaHka

electromagnetic induction

B3aNMO3aMCHJACMOCTD

thermodynamics MOJIHOE COXPaHEHHE YHEPTUU
positive charge XUMUS

prism HEBECOMBIH

latent heat palnuoHabHasi MeXaHuKa

complex calculations

OTPULIATEIILHBIN 3apsi]

particulate interpretation of light

KHCIIOPOJ

aluminiferous ether

I/I?>6BITOK, HN3JIMIICK

spectrum of color

dbuszunonorus

interchangeability

rajbBaHUuecKas Oarapes

initial formulation

CBETOHOCHBIH, JIIOMUHECHEHTHBIN 3Qup

negative charge

XUMHUYCCKOC NPUCOCANHCHUC

tractability

CKpbITadA, JAaTCHTHAA TCIIOTA

chemistry

SHTPONUS

chemical substance

JeTaIbHO pa3pabaThiBaTh, 00 1yMbIBATH

dissipation of energy

MOJOXXUTEIbHBIN 3apian

static electricity

CHEKTp IIBETa

physiology

pacCCUBAHUC SHCPTUHN

€XCCSS

XUMHYCCKOC BCIICCTBO

energy overall conservation

MaracTui3m

1.12.2 Find the sentences with
texts 1.9 - 1.11 and translate them.

these words and word-combinations in

1.12.3 Prepare the words and word-combinations for a dictation.
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1.13 Text The Emergence of a New Physics circa 1900

1.13.1 Read the text, translate it and answer the questions: What
important discovery was made before the beginning of the 20™ century? On
what property of matter was physical research focused in 30s of the 20™
century? Who introduced the term “radioactivity”? What theories did Albert

Einstein and other physicists introduce?

Figure 9 - Marie Sklodowska Curie (1867-1934)

The triumph of Maxwell’s theories was undermined by inadequacies that had
already begun to appear. The Michelson-Morley experiment failed to detect a shift in
the speed of light, which would have been expected as the earth moved at different
angles with respect to the ether. The possibility explored by Hendrik Lorentz, that the
ether could compress matter, thereby rendering it undetectable, presented problems of
its own as a compressed electron (detected in 1897 by British experimentalist J. J.
Thomson) would prove unstable. Meanwhile, other experimenters began to detect
unexpected forms of radiation: Wilhelm Rontgen caused a sensation with his
discovery of x-rays in 1895; in 1896 Henri Becquerel discovered that certain kinds of
matter emit radiation on their own account. Marie and Pierre Curie coined the term
“radioactivity” to describe this property of matter, and isolated the radioactive
elements radium and polonium.

Ernest Rutherford and Frederick Soddy identified two of Becquerel’s forms of

radiation with electrons and the element helium. In 1911 Rutherford established that
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the bulk of mass in atoms are concentrated in positively-charged nuclei with orbiting
electrons, which was a theoretically unstable configuration. Studies of radiation and
radioactive decay continued to be a preeminent focus for physical and chemical
research through the 1930s, when the discovery of nuclear fission opened the way to

the practical exploitation of what came to be called “atomic” energy.

Figure 10 - Albert Einstein (1879-1955)

Radical new physical theories also began to emerge in this same period. In
1905 Albert Einstein, then a Bern patent clerk, argued that the speed of light was a
constant in all inertial reference frames and that electromagnetic laws should remain
valid independent of reference frame—assertions which rendered the ether
“superfluous” to physical theory, and that held that observations of time and length
varied relative to how the observer was moving with respect to the object being
measured (what came to be called the “special theory of relativity”). It also followed
that mass and energy were interchangeable quantities according to the equation
E=mc’>. In another paper published the same year, Einstein asserted that
electromagnetic radiation was transmitted in discrete quantities (““‘quanta”), according
to a constant that the theoretical physicist Max Planck had posited in 1900 to arrive at
an accurate theory for the distribution of blackbody radiation—an assumption that
explained the strange properties of the photoelectric effect. The Danish physicist
Niels Bohr used this same constant in 1913 to explain the stability of Rutherford’s
atom as well as the frequencies of light emitted by hydrogen gas [10,
http://en.wikipedia.org/wiki/History of physics].
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1.13.2 Match Russian word-combinations with their English variants:

OTKPBITHE PEHTT€HOBCKUX JIy4YeH arrive at an accurate theory
SIEpHOE JIeTICHUE speed of light

JMCKpPETHAs BEJTMYMHA reference frame

MPUITH K TOYHOU TEOPUU with respect to

cUCTEeMa OTCcYeTa discovery of x-rays
CKOPOCTh CBETa nuclear fission

110 OTHOIIIEHUIO K discrete quantity

1.14 Text The Radical Years: General Relativity and Quantum
Mechanics

1.14.1 Read the text, translate it and name the main steps of the

mechanics development in the first half of the 20th century.

The gradual acceptance of Einstein’s theories of relativity and the quantized
nature of light transmission, and of Niels Bohr’s model of the atom created as many
problems as they solved, leading to a full-scale effort to reestablish physics on new
fundamental principles. Expanding relativity to cases of accelerating reference frames
(the “general theory of relativity”) in the 1910s, Einstein posited an equivalence

between the inertial force of acceleration and the force of gravity, leading to the
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conclusion that space is curved and finite in size, and the prediction of such

phenomena as gravitational lensing and the distortion of time in gravitational fields.

Figure 11 - Niels Bohr (1885-1962)

The quantized theory of the atom gave way to a full-scale quantum mechanics
in the 1920s. The quantum theory (which previously relied in the “correspondence” at
large scales between the quantized world of the atom and the continuities of the
“classical” world) was accepted when the Compton Effect established that light
carries momentum and can scatter off particles, and when Louis de Broglie asserted
that matter can be seen as behaving as a wave in much the same way as
electromagnetic waves behave like particles (wave-particle duality). New principles
of a “quantum” rather than a “classical” mechanics, formulated in matrix form by
Werner Heisenberg, Max Born, and Pascual Jordan in 1925, were based on the
probabilistic relationship between discrete “states” and denied the possibility of
causality. Erwin Schrodinger established an equivalent theory based on waves in
1926; but Heisenberg’s 1927 “uncertainty principle” (indicating the impossibility of
precisely and simultaneously measuring position and momentum) and the
“Copenhagen interpretation” of quantum mechanics (named after Bohr’s home city)
continued to deny the possibility of fundamental causality, though opponents such as
Einstein would assert that “God does not play dice with the universe”. Also in the
1920s, Satyendra Nath Bose’s work on photons and quantum mechanics provided the
foundation for Bose-Einstein statistics, the theory of the Bose-Einstein condensate,

and the discovery of the boson [10, http://en.wikipedia.org/wiki/History of physics].
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1.15 Revision texts 1.13 - 1.1

1.15.1 Match words and word-combinations with their translation:

unstable configuration

Ha6JIIOIIaTCJIB, IKCIICPT

radioactivity

yroi

quantum theory

dbotoanekTporHas amuccus  (dPdext

AKTUBHO-DJIEKTPUYECKHI )

assertion

Ir'paBUTAllMOHHAA Q)OKYCI/IPOBKEI

interchangeable quantities

M30BITOYHBIHN, U3TUITHUN

to scatter off particles

pacmana, pa3jIoKCHUC

to measure

SAACPHOC INCIJICHUC

theory of relativity

HCKAXXCHUC BPCMCHHU

matrix form

IIBOﬁCTBCHHOCTB, Ayajln3m

angle

SABJICHUA

gravitational lensing

PaaAnOaKTUBHOCTD

to deny

U3MEPAThb, MCPUTD
b

photoelectric effect

HU3JIYYCHUC YCPHOI'O TCJIa

superfluous yTBEpPKIECHUE

boson TEOpUsSI OTHOCUTEIbHOCTH

hydrogen gas HEyCTONYMBas (HecTabwibHas)
KOH(uUrypauus

to emerge NpUYUHHAS CBSI3b, 00YCIOBICHHOCTb

inertial force

OTpHULATh, OTBCPTraTh

nuclear fission

pacCeuBaATb YaCTUILIbI

distortion of time

CXKaThIN QJICKTPOH

decay

KBAHTOBAsA TCOPHUA

light transmission

HUCIIYCKATbh U3JIYyYCHHC

phenomena

MatpuuHas Gopma (ypaBHEHHUS)

observer

B3aNMO3aMCHICMBIC
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(B3amMO3aMeCTHMBbIE) BETUIHHBI
duality BO3HUKATh, MOSIBISTHCS
compressed electron UKC-JTy4d, PEHTT€HOBCKHE JIyUH
X-rays 0030H, 603e-4acTula
blackbody radiation ra3 BOA0poia
causality nepenaya (IponyckaHue) cBera
emit radiation MHEPIIMOHHAS CUJIa, CUJIa MHEPUUHU

1.15.2 Find the sentences with these words and word-combinations in

texts 1.13 - 1.14 and translate them.

1.15.3 Prepare the words and word-combinations for a dictation.

1.16 Text Constructing a New Fundamental Physics

1.16.1 Read the text, translate it and write one sentence with the main

idea for every of six paragraphs.
1. As the philosophically inclined continued to debate the fundamental nature

of the universe, quantum theories continued to be produced, beginning with Paul

Dirac’s formulation of a relativistic quantum theory in 1927.

Figure 12 - A “Feynman diagram” of a renormalized

vertex in quantum electrodynamics.
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However, attempts to quantize electromagnetic theory entirely were stymied
throughout the 1930s by theoretical formulations yielding infinite energies. This
situation was not considered adequately resolved until after World War II ended,
when Julian Schwinger, Richard Feynman, and Sin-Itiro Tomonaga independently
posited the technique of “renormalization”, which allowed for an establishment of a
robust quantum electrodynamics (Q.E.D.).

2. Meanwhile, new theories of fundamental particles proliferated with the rise
of the idea of the quantization of fields through “exchange forces” regulated by an
exchange of short-lived “virtual” particles, which were allowed to exist according to
the laws governing the uncertainties inherent in the quantum world. Notably, Hideki
Yukawa proposed that the positive charges of the nucleus were kept together courtesy
of a powerful but short-range force mediated by a particle intermediate in mass
between the size of an electron and a proton. This particle, called the “pion”, was
identified in 1947, but it was part of a slew of particle discoveries beginning with the
neutron, the “positron” (a positively-charged “antimatter” version of the electron),
and the “muon” (a heavier relative to the electron) in the 1930s, and continuing after
the war with a wide variety of other particles detected in various kinds of apparatus:
cloud chambers, nuclear emulsions, bubble chambers, and coincidence counters. At
first these particles were found primarily by the ionized trails left by cosmic rays, but
were increasingly produced in newer and more powerful particle accelerators.

3. Thousands of particles explode from the collision point of two relativistic
(100 GeV per ion) gold ions in the STAR detector of the Relativistic Heavy lon
Collider; an experiment done in order to investigate the properties of a quark gluon
plasma such as the one thought to exist in the ultrahot first few microseconds after the
big bang.

4. The interaction of these particles by “scattering” and “decay” provided a
key to new fundamental quantum theories. Murray Gell-Mann and Yuval Ne’eman
brought some order to these new particles by classifying them according to certain
qualities, beginning with what Gell-Mann referred to as the “Eightfold Way”, but

proceeding into several different “octets” and “decuplets” which could predict new
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particles, most famously the €, which was detected at Brookhaven National

Laboratory in 1964, and which gave rise to the “quark” model of hadron composition.

Figure 13 - Theories of fundamental particles

While the quark model at first seemed inadequate to describe strong nuclear
forces, allowing the temporary rise of competing theories such as the S-Matrix, the
establishment of quantum chromodynamics in the 1970s finalized a set of
fundamental and exchange particles, which allowed for the establishment of a
“standard model” based on the mathematics of gauge invariance, which successfully
described all forces except for gravity, and which remains generally accepted within
the domain to which it is designed to be applied.

5. The “standard model” groups the electroweak interaction theory and
quantum chromodynamics into a structure denoted by the gauge group
SU3)xSU2)xU(1). The formulation of the unification of the electromagnetic and
weak interactions in the standard model is due to Abdus Salam, Steven Weinberg
and, subsequently, Sheldon Glashow. After the discovery, made at CERN, of the
existence of neutral weak currents, mediated by the Z boson foreseen in the standard
model, the physicists Salam, Glashow and Weinberg received the 1979 Nobel Prize
in Physics for their electroweak theory.

6. While accelerators have confirmed most aspects of the standard model by

detecting expected particle interactions at various collision energies, no theory
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reconciling the general theory of relativity with the standard model has yet been
found, although “string theory” has provided one promising avenue forward. Since
the 1970s, fundamental particle physics has provided insights into early universe
cosmology, particularly the “big bang” theory proposed as a consequence of
Einstein’s general theory. However, starting from the 1990s, astronomical
observations have also provided new challenges, such as the need for new
explanations of galactic stability (the problem of dark matter), and accelerating
expansion of the universe (the problem of dark energy) [10,

http://en.wikipedia.org/wiki/History of physics].

1.17 Text Modern Physics and Physical Sciences

1.17.1 Read the text, translate it and answer the questions: What does the
term Modern physics mean? With what scientific fields is physics allied

nowadays?

With increased accessibility to and elaboration upon advanced analytical
techniques in the 19th century, physics was defined as much, if not more, by those
techniques than by the search for universal principles of motion and energy, and the
fundamental nature of matter. Fields such as acoustics, geophysics, astrophysics,
aerodynamics, plasma physics, low-temperature physics, and solid-state physics
joined optics, fluid dynamics, electromagnetism, and mechanics as areas of physical
research. In the 20th century, physics also became closely allied with such fields as
electrical, aerospace, and materials engineering, and physicists began to work in
government and industrial laboratories as much as in academic settings. Following
World War II, the population of physicists increased dramatically, and came to be
centered on the United States, while, in more recent decades, physics has become a

more international pursuit than at any time in its previous history.
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The term “modern physics” refers to the post-Newtonian conception of
physics. The term implies that classical descriptions of phenomena are lacking, and
that an accurate, “modern”, description of reality requires theories to incorporate
elements of quantum mechanics or Einsteinian relativity, or both. In general, the term
is used to refer to any branch of physics either developed in the early 20th century
and onwards, or branches greatly influenced by early 20th century physics.
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Figure 14 - Classical physics failed to explain black body radiation.

The quantum description is said to be modern physics

The term “modern physics”, taken literally, means of course, the sum total of
knowledge under the head of present-day physics. In this sense, the physics of 1890
is still modern; very few statements made in a good physics text of 1890 would need
to be deleted today as untrue. The principle changes required would be in a few
generalizations, perhaps, to which exceptions have since been discovered, and in
certain speculative theories, such as that concerning the ether, which any good
physicist of 1890 would have recognized to be open to possible doubt.

On the other hand, since 1890, there have been enormous advances in

physics, and some of these advances have brought into question, or have directly
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contradicted, certain theories that had seemed to be strongly supported by the
experimental evidence.

For example, few, if any physicists in 1890 questioned the wave theory of
light. Its triumphs over the old corpuscular theory seemed to be final and complete,
particularly after the brilliant experiments of Hertz, in 1887, which demonstrated,
beyond doubt, the fundamental soundness of Maxwell's electromagnetic theory of
light. And yet, by an irony of fate which makes the story of modern physics full of
the most interesting and dramatic situations, these very experiments of Hertz brought
to light a new phenomenon—the photoelectric effect—which played an important
part in establishing the quantum theory. The latter theory, in many of its aspects, is
diametrically opposite to the wave theory of light; indeed, the reconciliation of these
two theories, each based on incontrovertible evidence, was one of the great problems
of the first quarter of the twentieth century [10,
http://en.wikipedia.org/wiki/History of physics].

1.18 Revision texts 1.16 - 1.17

1.18.1 Match words and word-combinations with their translation:

virtual particle ciaboe AIEeKTPOHHOE B3auMOIeiCTBIE
solid-state physics KaJIMOpOBOYHAS! MHBAPUAHTHOCTD
exist bu3KMKa HU3KUX TEMIIEPATYP

particle accelerator M300pakaTh, ONUCHIBAThH

unification MIOOH, MIOOHHBIH

dark energy XpOMOJMHAMUKA (TEOPUS

B3aMMO/JICHCTBHI KBapKOB)

collision point MPSIMO MTPOTUBOIOJIOKHO,

JIMaMETPaIbHO MTPOTUBOMNOJIOKHBIN

gluon KOHICHCAIIMOHHAA KaMcCpa

short-lived particle TEMHas SHEPIusl
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to describe COCTaB aJIpoHa

electroweak interaction o0beIMHEHUE, TTPUTaHUE

eAMHO00pa3us, yHuuKkanus

muon CHJIa C MAJIBIM PaJNyCOM JCHCTBHUSI
gauge invariance HEUTPOH, HEUTPOHHBIN

coincidence counter KOPOTKOKMBYIIAsl YacTHUIIA
chromodynamics TJIIOOH (IIEPEHOCYUK B3aUMOCHCTBUS

MEX]Ty KBapKaMH )

pion MTO3UTPOH

ionized trail Iy3bIPbKOBAsi Kamepa

diametrically opposite KOCMHYECKHE JTY4H

positron MHOH

hadron composition YCKOPUTEbh YaCTHUII

cosmic rays TOYKA CTOJTKHOBEHUS (YaCTHII)
cloud chamber BUPTyaJibHAs YacTUIA

short-range force CYETYMK COBITAJICHUI

bubble chamber CYILIIECTBOBATb, UMETHCS B IPUPOJIE
neutron MOHU3UPOBAHHBIN Clel, “TOpOKKa™
low-temperature physics (dbu3uKa TBEpPAOTO TEIa

1.18.2 Find the sentences with these words and word-combinations in

texts 1.16 - 1.17 and translate them.

1.18.3 Prepare the words and word-combinations for a dictation.

1.19 Consolidation

1.19.1 Read the following physical notions and try to remember when

and by whom they were introduced:
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laws of motion, theory of relativity, inertia, law of gravitation, experimental
physics, rational mechanics, electromagnetic induction, radioactivity, wave nature of
light transmission, thermodynamics, entropy, x-rays, quantized nature of light

transmission.

1.19.2 Read three texts in Russian, choose one of them and translate from

Russian into English.

I'anuieo I'anmueit. ['anunei mo npaBy CUATAETCS OCHOBATEJIEM HE TOJIBKO
AKCTIEPUMEHTAIbHON, HO — B 3HAYUTEIBHON Mepe — M TeopeTudeckor ¢uzuku. B
CBOEM HAy4YHOM METOJE OH COYE€Tall JKCIEPUMEHT C €ro palruOHAIbHBIM
OCMBICJICHUEM U O000IIeHHWEM, W JIMYHO Jaj BICYATIISIOMIME MPUMEPHl TaKHX
uccnenoBanuii. Horma U3-3a HeOCTaTKa HAYYHBIX JaHHBIX ['anmuieit ommuobancs, HO
B MOJIABJISAIOIIEM OOJIBIIMHCTBE CIYYaeB €ro METO]I MPUBOINI K LIEIIH.

Jlo Nanmuiiess HaydHbIE METOABI MAJIO0 OTIMYAIUCH OT TEOJOTHUYECKUX U OTBETHI
Ha HAy4YHbIC BOIPOCHI IMO-MPEKHEMY HMCKaIM B KHUTaX JPEBHUX aBTOPUTETOB.
Hayunas peBomtonus B pusuke Havyanach ¢ ["anues.

B orHomenun Quinocopun npuponbl [ammneir Ob1  yOEKIEHHBIM
pauroHanucToM. OH CUUTAll, YTO 3aKOHBI MPUPOJIBI TOCTUKUMBI JIJI1 YEIOBEUECKOTO
pasyma.

IN'anuneit cuuTaeTcss OJHUM M3 OCHOBATEJIEH MEXaHUIM3MA.

I mpOEKTUPOBAHUS DKCIIEPUMEHTAa B KAaye€CTBE OCHOBBI TEOPETHUYECKOMU
Mojenu [anuneld cuutal MaTEeMaTUKY, BBIBOABI KOTOPOM OH paccMaTpuBal Kak
caMo€ JIOCTOBEPHOE 3HAHUE: KHUTA IPUPObI HAITUCAHA HA SI3bIKE MATEMATUKH.

Onpir lanuneit paccmaTpuBaid HE KakK TPOCTOe HAOMIOJEHHE, a Kak
OCMBICJIEHHBIM W TPOAYMAHHBIA BOIPOC, 3aJaHHbIM npupoxe. llonmydeHHbIN ke OT
MPUPOJIBI OTBET JOJIKEH MOJABEPTHYTHCSA aHAIU3Y.

lanuneit m3yuyan wHEpUUIO U CBOOOJIHOE MajeHWEe Tell. B yacTHOCTH, OH
3aMEeTUJI, YTO YCKOPEHHE CBOOOJHOrO MaJCHUS HE 3aBUCUT OT Beca Teja, TaKUM

0o0pa3oM, ONPOBEPTHYB MEPBOE YTBEPKACHUE APUCTOTEINS.
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B cBoeil nocnenneit kuure ["anuieit chopmyiaupoBan MpaBUIIbHbIE 3aKOHBI
MaJIcHus.

lanuieid ompoBepr W BTOPOM W3 NPUBEAEHHBIX 3aKOHOB ApHUCTOTENS,
chopMyJIUpOBaB TIEPBHIA 3aKOH MEXaHUKH (3aKOH HMHEPIMHU): TPU OTCYTCTBUH
BHEIIIHUX CHJI TEJIO JTUOO MOKOUTCS, JIMOO paBHOMEPHO NBHKeTCs. CaMO TOHATHE
“IBMKEHHUE TIO MHEPIMU~ BIIEPBbIE BBeAEHO ['anuieeM, W MepBbId 3aKOH MEXaHUKU
10 CIPABEIMBOCTH HOCUT €T0 UMS.

lanuneir  gBasieTcss  OAHMM W3 OCHOBOIIOJIO)KHUKOB — MPHUHIIMIA
OTHOCHUTEJIBHOCTH B KJIACCUUECKON MEXaHWKeE, KOTOPHIN Tak)ke ObUT MO3Ke HAa3BaH B
€ro 4ecCTh.

Ot OTKpbITHSL ['anuiies, KpomMe BCEro MpPOYEro, TMO3BOJIWIM €MY
ONPOBEPTHYTh MHOTHE JIOBOJIbI MPOTUBHUKOB TE€IMOLIEHTPUUECKON CUCTEMBI MHUpA,
yTBEPKAABIINX, YTO BpallleHHEe 3eMJIM 3aMETHO CKa3ajoch Obl Ha SBICHUSX,
MPOUCXOASAIINX HA €€ TIOBEPXHOCTH.

lanuieit ony6MKoBal ucciae0BaHue KoJieOaHui MasSTHHUKA.

MHorue paccyxaeHus ['anumnes npeacTaBisitoT coooi HaOPOCKU (PU3NUEeCKuX
3aKOHOB, OTKPBITBIX HAMHOTO TMO3/IHEE.

B crartuke I'anuneit BBEN PpyHIaMeHTaIbHOE TTOHATHE MOMEHTA CHUJIBI.

B 1609 rony I'anuneir caMOCTOATENIBLHO MOCTPOUI CBOM MEPBBIN TEJIECKOI C
BBITTYKJIBIM OOBEKTUBOM M BOTHYTHIM OKYJISIPOM.

[lepBbie Teneckonmuueckue HaOMOACHUS HeOecHbIX Ten [amuen mpoBén 7
auBaps 1610 roma. Tanuneld ompoBepr OAWMH U3  JIOBOJOB MNPOTUBHUKOB
TeJIMOLEHTpU3MA: 3eMJIsl HE MOXKET Bpamiatbesi BOKpyr CoiHIA, MTOCKOJIBKY BOKPYT
He€ camou Bpawaerca JIyHa.

lManunelr OTKpBLI TaK)KE COJHEUYHBIC MSTHA W CAENA €€ MHOTO OTKPBITHI
IUISl pa3BUTHSI aCTPOHOMMUH.

lanueit n300pEn ruIPOCTaTUUIECKUE BECHI JISI ONpeeTIeHUs YISIbHOTO Beca
TBEPJBIX TeJ, MEPBBIA TEPMOMETP, €II¢ Oe3 IIKabl, MPONOPIUOHATBHBINA ITUPKYIIb,
WCTOJIB3YEMBIM B YEPTEKHOM JI€JIe, MUKPOCKOII, C €ro MoMouiplo ['anuieit uzyyan

HaCCKOMBIX.
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VYuyeHslii pazpaboTan TEOPUIO MHOXKECTB, 3aHUMAJICA TakK)Xe OITHUKOMH,
aKyCTHMKOW, TeOpuel IBETa M MarHeTusMa, TUIPOCTATUKOM, CONPOTUBICHUEM
MarepuaioB, mpodieMamu dopTtuduxanuu. [IpoBEn IKCHEPUMEHT MO U3MEPEHUIO
CKOPOCTH CBETa U IEPBBIM ONBITHBIM MYTEM HU3MEPHUI TJIOTHOCTH BO3AYyXa OJMKE K

uctuHHOMY 3HadeHwuto [ 10, http://en.wikipedia.org/wiki/Galileo Galilet].

Vocabulary notes:

teosiornueckuit — theological;

yOXKIEHHBIN pallMOHANIUCT - staunch rationalist;
nepBoe yrBepxkaeHue - first statement;
BBINYKJIbIA OOBEKTHB - convex objective;
BOTHYTBIN OKYJISIp - concave ocular;

reJmoneHTpus3M - heliocentrism.

Maiiki CDaipaneﬁ — AHIMVIMACKUN (PU3UK, XUMUK, OCHOBOIIOJIOKHUK y4eHHUs 00
AJIEKTPOMArHUTHOM I10J1€, 4jieH JIoHToHCcKOro kopoeBckoro oouiectsa (1824).

Maiikn poauics 22 centsaops 1791 roma B cembe Ky3Hela U3 JIOHAOHCKOTO
MPEIMECTbS.

CkpoMHBIE JOXOABI CEMBbH HE MO3BONWIM MalKily OKOHYUTH JJaK€ CPEIHIOI0
IIKOJLY, C TPUHAAIATH JEeT OH Havyall paboTaTh KaK MOCTaBUIMK KHUT U ra3eT, a 3aTeM
B Bo3pacte 14 ner momeén paboTaTh B KHIDKHYIO JIaBKy, TIle oOydaics Hu
nepermn€THomy pemecity. Cempb jier paOOTbl B MacTepCKOW CTalu JJi IOHOIIM U
rojamMM HampspKEHHOro camooOpas3oBaHusa. OH € yINOEHHMEM YUTal BCe
nepervieTaeéMble UM Hay4dHble TPYyAbl MO (U3MKE U XUMHH, a TaKXKe CTaTbU M3
“BpuTaHCKON SHUMKIIONEAUN , TOBTOPSJI B YCTPOCHHOM UM JIOMalllHEH JabopaTopuu
HKCIIEPUMEHTBI, ONUCAaHHbIE B KHUraX, Ha CaMOJENIbHBIX 3JEKTPOCTATHUYECKUX
npubopax. BaxueiM sTanom B ku3Hu Dapages cranu 3aHATAS B ['Opojckom
¢unocopckom obmiecTBe, rae Maiikin mo Beuepam ciyllajdl Hay4YHO-IOMYJIsipHbIE

JICKIOUM I10 (1)I/IBI/IKC N aCTPOHOMHHU U Y4AaCTBOBAJ B NUCITYTaX.
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B 1813 3HamenuTbli QUMK W XUMHK, T[EPBOOTKPHIBATENIb MHOTUX
XUMHYECKUX dJieMeHTOB J[3Bu mnpurinacun @Papanes Ha Mecto jgabopaHTa B
XUMH4eckor s1aboparopun KoponeBckoro MHCTUTYTa, T€ TOT MpopadoTas MHOIO
JIET.

B 1816 ®apazeit Hayasn uutath NyOIUUYHBIA KypC JEKIHUH 10 (HU3UKE U XUMHUU
B OOmectBe s camooOpa3oBaHusi. B 3TOM ke rojiy MosBISETCS U €ro mnepmas
neuyatHas padora. B 1820 dapajeit mpoBEN HECKOJIBKO OIMBITOB MO BBHITUIABKE CTaJICH,
collepKallluX HHKeNIb. JTa paboTa CUMTAETCS OTKPBITUEM HEp)KaBEIOLIeH CTallu,
KOTOpOE HE 3aWHTEPECOBAIO B TO BpeMs MeTayutypros. B 1821 on onyOnukoBan nse
3HAYUTENbHbIE HayuyHble paOOThl (O BpAaIlEHUAX TOKA BOKPYI MarHuTa U MarHuTta
BOKPYT TOKa U O CKUKEHUU XJIOPA).

B nepuon no 1821 ®dapaneit onyoiaukoBai okosio 40 HaydyHbIX paOoT, TJIaBHBIM
oOpazom mno xumuu. B 1824 emy mepBomy yaanoch MOIYYUTh XJIOP B KUJIKOM
COCTOSIHMHM, a B 1825 T OH BHEpBBIE CHUHTE3UPYET IE€KCaxJIOPaH — BELIECTBO, HA
OCHOBE KOTOPOro B XX BEKE U3TOTOBIBUINCH PA3TUYHBIE HHCEKTUIIUIBIL.

[locteneHHO  ero  JKCIEpUMEHTaJbHbIE  HCClieoBaHUs  Bc€  Oosee
MepeKNIIoYainch B 0o0JacTh djekrpoMarHerusMma. [lociae otkpeitss B 1820
X.OpcTenoM MAarHMTHOTO JIE€MCTBHSA d3iekTpuueckoro Toka dapanes ysiekna
npo0biema CBSA3M MEX]Y dJIEKTPUUYECTBOM U MarHETU3MOM.

@apageil  SKCOEPUMEHTAJIBbHO  OTKPBUI  SIBIEHUE  DJIEKTPOMArHUTHOM
WHIYKIMH — BO3HUKHOBEHUE JJIEKTPHUUYECKOTO TOKA B MPOBOJAHUKE, ABUKYIIEMCS B
MarHuTHoM nosie. Papajeil Takke Aal MAaTEMaTUYECKOE OMUCAHUE ATOTO SIBJICHUS,
JIEKAIIETO B OCHOBE COBPEMEHHOTO 3JIEKTPOMAIIMHOCTPOEHUS.

B 1832r. ®apaneil OTKpPBIBAET JJIEKTPOXUMHUUYECKUE 3aKOHBI, KOTOPBIE
JI0’KaTCsl B OCHOBY HOBOTO pa3Jiesia HAYKH — AJIIEKTPOXUMUHU.

Maiikn ®apazeit 6bU1 BEpYIOUIUM XPUCTHAHUHOM U MPOJIOJIKAT BEPUTH JlaxKe
ocJie TOTO, KakK y3HaII 0 paboTtax JlapBuHa [10,

http://en.wikipedia.org/wiki/Michael Faraday].
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Vocabulary notes:

neperi€THoe pemecio — bookbinding;
rekcaxjopad - hexachloran;
MHCEKTHIIHM] - Insecticide;
anekTpoxumus — electrochemistry;

Bepytomuil xpuctuanut - Faithful Christian.

Mapusa CrxiaonoBckasi-Kiopu — wu3BecTHbI (U3UK U XUMHK MOJIBCKOTO
npoucxoxaeHus. OHa Obl1a JBaXKbI J1aypeatoM HoOeneBckoii npemun o Gpusnke u
xumun. Kropu ocnHoBana mHctuTyThl B Ilapmxke m B BapmiaBe, BMecTe ¢ MykeMm
3aHUMAajach MCCIEAOBAHUEM pPAJUOAKTUBHOCTA M OTKpPbLIA D3JIEMEHTHl paguil u
IIOJIOHUH.

Mapus CxnogoBckas crtana nepBod B uctopun CopOOHHBI KEHIIUHOM-
npenojasareneM. B CopOonne ona BcrpeTuna [Ibepa Kropu, Takxke npenoaaBaTens,
3a KOTOpPOro TMO3KE€ BbIIJIA 3aMyX. Bwmecre OHM 3aHSAIMCHh MCCIEAOBAaHUEM
aHOMAJIbHBIX JTy4el (PEHTT€HOBCKUX), KOTOpbIE UCIYCKAJIU COJIM ypaHa.

B 1910r. eii ymamoch BBIAEIWTH YUCTBIA METAIIMYECKUM paauid. Takum
oOpa3zoM, ObUIO [10Ka3aHO, YTO paguil SBISIETCS CAMOCTOSITEIbHBIM XUMHUYECKUM
AIEMEHTOM.

B konme 1910r. xammuparypa CrinonoBckoil-Kropu 1o HAacTOSIHUIO psiaa
(bpaHIly3cKUX Y4YeHBIX Oblla BBIIBUHYTa Ha BbIOOpax Bo DpaHily3ckyro AKajaeMuIo
Hayk, HO B pe3yibTaTe KECTOKOW TMOJEMHUKM MEKIY CTOPOHHMKAMH U
MPOTUBHHUKAMU, €€ KaHaAuaTypa Oblla OTBEPTHyTa Ha BbIOOpaX TOJBKO MOTOMY, YTO
OHa ObLIa KEHITUHOM!.

Hesanonro no navama IlepBoii MupoBOil BOWHBI llapyiKCKuii YHUBEPCUTET U
ITacTepoBCKMI WHCTUTYT Yyupeauad PaaueBbli HHCTUTYT JUId UCCIEAOBAHUU
paanoakTuBHOCTH. CxiojoBckas-Kiopu Oblla HazHaueHa IUPEKTOPOM OTACICHHS
(GbyHIaMEHTAJIbHBIX UCCIEIOBAHUNA U MEUIIMHCKOTO MPUMEHEHUS PaJMOAKTUBHOCTH.
Cpazy mociie Havajna akTHUBHBIX OOeBbIX AeiicTBUI Ha (ponTax [lepBoil mMupoBoi

BOMHBI Mapm{ CKJIOI[OBCKEUI KIOpI/I NpUHAJIACh 3aKYIIATh Ha JIMYHBIC CPCACTBA,
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octapmuecs oT HobGeneBckoil nmpeMun, peHTTEHOBCKHE MEPEHOCHBIE anmaparbl s
MPOCBEUMBAHMS paHEHbIX. Bo Bpemsi BOWHBI OHa oOyyana BOECHHBIX MEIUKOB
MPUMEHEHUIO PAJANOJIOTUH, HAIPUMEDP, OOHAPYKEHHUIO C MOMOILIBIO0 PEHTTEHOBCKHUX
Jy4yel HIparHeny B TeJle paHEeHOTo.

B nocnennue roasl cBoed KM3HM OHA MPOJOJDKala ImpenojaBath B PagneBom
WHCTUTYTE, TlI€ PYKOBOJWIA paboTaMU CTYJIEHTOB M aKTHUBHO CIOCOOCTBOBaJA
NPUMEHEHUIO paauojorun B MenuuuHe. OHa Hamucana ouorpaduto [lbepa Kropu,
KoTopas Oblia onyOiaukoBaHa B 1923 .

BcenenctBue mHoronetHeit pabotsl Kroopu ¢ paavem ee 310pOBbe CTajo
3aMETHO yXyAIaThCs.

Mapusa Cxnonosckas-Kropu ckonuanack B 1934 r. or neiikemun. CmepTh €€
ABIIETCS TPArHYeCKUM YPOKOM — paloTasi ¢ paJuOoaKTUBHBIMHU BEIIECTBAMHU, OHA HE
MpeAnpruHUMala HUKaKuX Mep MPeI0CTOPOKHOCTU U J1a’Ke HOCUIIA Ha TPYAN aMITyly
C paJlueéM Kak TaJlucMaH.

[Tomumo nByx HoOGeneBckux mpemuii, CxinomoBckas-Kiopu Obla yaocToeHa
Tpemsi MenansiMu. OHa ObLIa 4WieHOM 85 Hay4YHBIX OOILECTB BCEro MHpA, MOTY4YHIIa

20 mouetHbIx ctenenet [ 10, http://en.wikipedia.org/wiki/Marie Sklodowska Curie].

Vocabulary notes:

Mapus Cxnogosckas-Kiopu — Marie Sktodowska Curie;
paauit — radium;

noJIoHu# — polonium;

Cop6onna — The Sorbonne (La Sorbonne);

[Mapwxckuit yauepcuteT - The University of Paris;
[TacTepoBckuit uHCTUTYT - The Pasteur Institute;
nipanHens - shrapnel;

Jeiikemus — leucaemia;

TanucMmad — talisman
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1.19.3 Play a game who will be the first to guess your secret person.
Choose one famous figure in physics, write about him/her according to the plan
below (don’t name him or her!), and read to your partner, then listen to his/her
reading. You should try to guess your each other’s secret persons; you may ask

additional questions to each other.

Plan

1. The time, when he/she was born.

2. The field of physics, he/she was interested in.

3. His/her attitude to religion, philosophical conceptions, world outlook and
SO on.

4. His/her contributions in physics.

5. The result of his/her activity and his/her followers.

1.19.4 Discuss your favourite scientists with your partner. Use the

constructions below:

- As for me, the most important figure in physics is...

- To my mind, the greatest discovery was...

- I suppose ... (Ibn al-Haytham, Galileo, Descartes, Newton, Einstein, etc.)
made a great deal to...

- In my opinion, it was a real break-through to...

- I’m afraid without this figure we wouldn’t ...

- I believe him/her to be the greatest ...(physicist/chemist/engineer, etc.).

- It was not until...then ...

- It was ... (Ibn al-Haytham, Galileo, Descartes, Newton, Einstein, etc.) who

... (invented/introduced, etc.).
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1.19.5 Translate the following constructions and word-combinations:

On the grand scale / on the smallest scale;
in the sense of empirical procedures;
to date back;

regardless of;

leading up to;

in terms of;

with respect to;

with reference to;

to become more widespread;

to throw something into question;
on someone / something account;
relative to;

in order to

1.19.6 Look for examples with them in texts 1.1 — 1.17.

1.19.7 Make your own sentences with these constructions and word-

combinations.

1.19.8 Look through all the texts of Section I and prepare the

presentation of your report on The Important Figures in the History of Physics

(use a projector in the multimedia class). You may use Internet to add some

information.
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2 Section II Physics

2.1 Texts Elements of Physics

2.1.1 Read the Introduction into the course of physics, answer the

questions: What is physics as a science? What aspects does it include?

What is Physics. — Physics is a broad science that deals primarily with
phenomena involving the transformation of matter and energy. Its object is to
determine exact relations between physical phenomena so that the sequence of events
can be clearly understood and definitely predicted. The boundaries between physics
and chemistry are not very definite. Sharp distinctions between these sciences are
inaccurate and unnecessary. There are certain aspects of nature, however, that are
primarily the legitimate field of physics. For convenience, they may be grouped
under seven headings: mechanics, sound, heat, electricity and magnetism, light and
spectroscopy, atomic and nuclear physics and astrophysics. In addition to these seven
fields of physics, another field known as biophysics is rapidly developing. These
different fields are not distinct but merge into each other. In all cases physics deals
primarily with phenomena that can be accurately described in terms of matter and
energy. Hence, the basic concepts in all physical phenomena are the concepts of
matter and energy. It becomes of first importance in physics therefore, to determine
accurately the characteristics of both matter and energy, the laws that govern their

transformations, and the fundamental relations that exist between them [2, C.39].

2.1.2 Read the text Measurements and Units and explain: What are

derived units? and What is radian?

Measurements and Units
Systems of Units. — Some measurements are fundamental and seem to refer

to concepts that cannot be further analyzed. There are three of these basic concepts:
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time, space, and mass. The units used to measure them are called fundamental units.
There are other magnitudes that cannot be thought of without connecting them with
two or more of these fundamental units more than once. Units of this kind that
involve more than one fundamental unit, or one fundamental unit more than once, are
called derived units. Units of speed, units of volume, units of area, units of
acceleration, etc., are derived units.

Units of Time.—For many scientific purposes the second is chosen as the
unit of time. It is defined as the 1/86,400 part of the mean solar day. The minute,
which is equivalent to 60 sec, and the hour, which is equal to 60 min, are also used as
units of time.

Measurement of Angles.—Degrees, minutes, and seconds are the familiar
units in which angles are measured. A degree is the angle subtended at the center of a
circle by an arc equal to one three hundred sixtieth part of the circumference of the
circle. A minute is one sixtieth of a degree and a second is one sixtieth of a minute.
There are, therefore, 360 deg in a circle, 60 min in a degree, and 60 sec in a minute.

The angular unit ordinarily used in physics is called a radian.

The two systems of units commonly employed are the decimal metric system

devised by the French and the more familiar English system [2, C. 39-40].

2.1.3 Look through texts 2.1.1 - 2.1.2 and find the English equivalents for
the following Russian phrases and word-combinations:

UCTUHHAs 001acTh u3y4yeHUs GU3HKK; B3aMMOIPOHHUKAIONIUE OOJACTH;
MIPOU3BOJIHBIE EUHUIIbI; €AUHUIBI YCKOPEHUS; OOBIYHO NPHUMEHSIEMbIE €IMHMIIbL;

ACCATUYHAA MCTpUYICCKAA CUCTCMA.

2.1.4 Look through the text in Russian and retell it in English.

®usuka (0T Ip.-rped. MpUPOAa) — ITO 00JACTh €CTECTBO3HAHUS, HAyKa,

u3yvaromias ~ Haubojee  obmme U (QyHIAMEHTAIbHBIE  3aKOHOMEPHOCTH,
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OTIPENICIIAIONINE CTPYKTYPY M DBOJIOLMIO MaTEPHAIBHOTO MHpA. 3aKOHBI (U3UKH
JIekKaT B OCHOBE BCETO €CTECTBO3HAHMS.

Tepmun “dusuka” BrepBbie MOSABUICS B COYMHEHUAX OJHOTO U3 BEIMYANIINX
MBICIIUTENICN JPEBHOCTU — ApHCTOTENSA, XuBLIero B IV Beke 10 Hameu 3pbl.
[lepBonauanbHo TepMuHbl “pusuka” u “dunocodpus” ObUIM CUHOHUMHYHBI,
MMOCKOJIbKY 00€ JUCHUIUIMHBI MBITAIOTCS OOBSICHUTH 3aKOHBI (DYHKIIMOHWPOBAHUS
Bcenennoit. Opnako B pesyinbTare HaydyHoW peBomonuu XVI Beka ¢dusuka
BBIJIEIIWIIACH B OT/AEIIBHOE HAYYHOE HAIPABJICHUE.

B pycckuii si3p1k cnoBo “dusuka’ Obu1o BBeAeHO Muxawmiom BacuiabeBudem
JlomoHOCOBBIM, KOTJIa OH u31al NepBbiii B Poccun ydueOHMK (HU3UKH B TIEPEBOJIE C
HEMEIIKOTO si3biKa. [lepBbIli oTeuecTBEHHBIM ydeOHMK moJ Ha3BaHueMm ‘‘Kpartkoe
HauepTaHue (GU3MKK”’ ObLI HAMMKCAH NMEPBbIM PYCCKUM aKageMUKOM CTpaXOBbIM.

B coBpeMenHOM Mupe 3HaueHHE (PU3MKK Ype3BBIYAWHO BeNIMKO. Bcé To, yem
OTJIMYAETCSI COBPEMEHHOE OOIIECTBO OT OOIIEeCTBa MPOIUIBIX BEKOB, MOSIBUJIOCH B
pe3yibTaTe MPUMEHEHHS Ha MpakThKe GU3nYecKuX OTKphITUH. Tak, uccienoBaHus B
o0JlacTh d3JIEKTpOMAarHeTH3Ma MPUBEIN K TOSBICHUIO TeledOHOB, OTKPBHITHS B
TEPMOJUHAMUKE TTO3BOJIMIIN CO3/1aTh aBTOMOOMJIb, PA3BUTHE JICKTPOHUKH MPUBEIO K
MOSIBJICHUIO KOMIIBIOTEPOB.

®u3nYecKoe MOHMMAaHUE MPOILIECCOB, MPOUCXOAIINX B MPUPOIE, MTOCTOSHHO
pa3BUBaETCS. BOJBIIMHCTBO HOBBIX OTKPBITUM BCKOpPE MOJYy4YalOT MPUMEHEHHE B
TEXHHUKE W IPOMBINUIEHHOCTU. OHAKO HOBBIEC UCCIIEAOBAHUS MOCTOSHHO OAHUMAIOT
HOBBIE 3arajiku U OOHapYKMBAIOT SIBJICHUS, i1 OOBSICHEHHS KOTOPBIX TPEOYIOTCS
HOBbIE (hu3mdeckue Teopun. HecMoTpst Ha OrpoMHBIN 00bEM HAKOILJICHHBIX 3HAHHM,
coBpeMeHHasi ¢u3uKa €€ O4YeHb Jajeka OT TOTO, YTOObI OOBSICHUTH BCE SIBJICHUS
MIPUPOBI.

OO6mieHay4yHble OCHOBBI (PU3MUECKHMX METOJIOB pa3pabaThIBalOTCS B TEOPHUH
MO3HAHUS U METOJIOJIOTUHU HAYKH.

®du3rka — 3TO Hayka O MpUpoAe B camMoM oOmeMm cmbicie. OHa u3ydaeT
BEILIECTBO (MAaTEpHIO) M JHEPIrUI0, a Takke (PyHIaMEHTaIbHBIE B3aMMOJCHCTBUS

IpUupoabl, YIIPABIIAIOIIHUEC IBUKCHUCM MATCPHUN.
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HekoTopbie 3aKOHOMEPHOCTU SIBJISIFOTCS OOIIMMHU JJISI BCEX MaTepHabHBIX
CHUCTEM, HalpuMep, COXpaHCHUE DHEPTrHH, — Ha3bIBAIOT (DU3NUYECKUMU 3aKOHAMH.
®usnky WHOTJAa Ha3bIBalOT “‘DyHIaMEHTATBLHON HAyKOW”’, TOCKOJBKY JpyTHE
€CTEeCTBCHHBbIC HayKH (OMOJIOTHS, TEOJOTHS, XUMHUS W Jp.) OINUCHIBAIOT TOJBKO
HEKOTOPBIHN KJIacC MaTepUAIIBHBIX CUCTEM, TIOTUMHSIONIUXCS 3aKOHAM (DPU3HKHU.

Hampumep, xumMusi m3ydaeT aroMbl, oOpa3oBaHHbIE W3 HHUX BeEIIECTBA U
MIpeBpaIleHrs OJIHOTO BEIIECTBA B JApyroe. XMMHUYECKHE K€ CBOMCTBa BEIIECTBA
OJTHO3HAYHO ONpPEACNSIIOTCS (PU3MUECKUMH CBOMCTBAMM aTOMOB W MOJIEKYII,
OMHUCHIBAEMBIMU B TAKHX pazjenax (PU3uKu, Kak TePMOJIUHAMUKA, JIEKTPOMATrHETU3M
1 KBaHTOBas (pU3HKa.

dusnka TECHO CBsA3aHA C MAaTeMAaTHUKOW: MaTeMaTHKa MPEIOCTaBIISIET anmnapar,
C TIOMOIIbI0 KOTOPOTO (PU3MYECKUE 3aKOHBI MOTYT OBITH TOYHO CHOPMYIHUPOBAHBI.
dusnyeckue TEOpPUU TMOYTH Bcerga (QoOpMyIUPYIOTCS B BHUIE MaTeMaTUYECKUX
BBIpOXCHUMN, MPUUYEM MCIIOJIB3YIOTCS 0O0Jiee CIIOKHBIE pa3lielibl MaTeMaTHUKHU, 4YeM
OoOBIYHO B Jpyrux Haykax. M HaoOOpoOT, pa3BUTHE MHOTHUX 00JIaCTEW MaTeMaTHKH
CTUMYJIMPOBAIOCH MOTPEOHOCTAMH (PU3UIECKUX TEOPHIA.

XoTs (uszuka HUMeEeT JAeN0 ¢ pa3sHOOOpa3HBIMU CHUCTEMaMHU, HEKOTOpHIE
dbu3nyeckre TEOPUU NPUMEHUMBI B OOJbIIUX oOOJacTax ¢Gu3uku. Takue Teopuu
CUMTAIOTCS B 1I€JIOM BEPHBIMH TIPH JIOMOJHUTEIBHBIX orpaHuueHusx. Hampumep,
KJIJaCCUYEeCKass MEXaHUKa BEpPHA, €CJIM pa3Mepbl HCCIENyeMbIX OOBEKTOB HAMHOTIO
0oJbIIe pa3MEpOB ATOMOB, CKOPOCTH CYIIECTBEHHO MEHBIIE CKOPOCTH CBETa, U
IPaBUTAIIMOHHBIE CHJIBI Mallbl. OTH TEOpUM BCE €mE aKTUBHO UCCIEAYIOTCS,
HarpuMep, TaKOM acleKT KJIACCUYEeCKOM MEXaHMKH, KaK TeOpHs Xaoca ObLI OTKPHIT
ToJIbKO B XX Beke. OHU COCTaBJISIOT OCHOBY IS BCeX (PUBMUECKUX HUCCIICIOBAHUIN

[10, http://en.wikipedia.org/wiki/Physics].
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2.2 Texts Measurements and Weights

2.2.1 Read the texts and explain what the difference is between the
British Imperial System and the U.S. one.

The British Imperial System

The British system of weights and measures has evolved from units having
many origins, many of the units having been introduced into Britain at the time of the
Roman conquest.

The basic units of the British imperial system are the Yard, the Pound, and the
Gallon.

The British imperial yard is defined (Weights and Measures Act, 1878) as the
distance, at 62.00°F., between two fine lines engraved on gold studs sunk in a
specified bronze bar known as “Ne 1 standard yard.” This bar was cast in 1845.

The British imperial pound is defined as the mass (the weight in vacuo) of a
cylinder of pure platinum about 1.35 in. high and 1.15 in. diameter. This is the only
pound legal for use in Great Britain and is sometimes called the avoirdupois pound.

The British imperial gallon is the volume of 10 Ib. avoirdupois of pure water
as weighed in air against brass weights, the temperature of the air and the water being
62 °F., and the barometric pressure 30 in. of mercury. This legal definition is
incomplete; for instance it does not state the density of the brass weights, but in
official comparisons this density is taken as 8.143 g. per cm".

The multiples and submultiples of the British yard are similar to the
corresponding units of the U.S. customary system. It is subdivided into 3 feet of 12
inches each. Five and a half yards (16 1/2 ft.) make a rod, pole, or perch. 40 rods
make a furlong; and 8 furlongs (5,280 ft.) make a statute mile. Units of area and
volume are simply the squares and cubes, respectively, of the units of length, except
for the insertion of the acre which consists of 43,560 square feet.

The British pound is subdivided into16 ounces, or 256 drams, or 7,000 grains.

Fourteen pounds equal 1 stone, 2 stones = 1 quarter (28 pounds), 8 stones =1
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hundredweight (cwt) = 112 pounds, and 20 hundredweight = 1 ton = 2,240 pounds.
This ton (1. e. of 2,240 pounds) is called gross ton or long ton to distinguish it from
the net ton or short ton which is equal to 2,000 pounds.

The British gallon, as defined above, is by calculation equivalent to 277.42
cubic inches. It is used as a unit of capacity, both liquid and dry.

The British gallon is divided into 4 quarts, or 8 pints, or 32 gills, or 160
fluid ounces (the U.S. gallon being divided into 128 fluid ounces, the result is that
the British fluid ounce is smaller than the U.S. fluid ounce, whereas the other
British units of capacity are larger than the corresponding U.S. units). Two gallons
make a peck, 8 gallons make a bushel, and 8 bushels make a quarter.

The U.S. Customary System

The weights and measures in common use in the American colonies at the
time of the American Revolution were all of English origin and were the same as
those then used in Great Britain.

The following units are still in use in the United States: (a) the yard of 35
inches, (b) the avoirdupois pound of 7,000 grains, (c¢) the gallon of 231 cubic
inches, and (d) the winchester bushel (or simply bushel) of 2,150.42 cubic inches.

In 1893, after receipt of the metric standards, it was decided that a more
stable basis for the system of customary weights and measures in the United States
would be obtained by defining the yard in terms of the metre and the pound in
terms of the kilogram using the U.S. prototype metre and the U.S. prototype
kilogram, respectively, with their certified corrections as the primary standards of
length and mass in this country. This is the present basis of the units.

The U.S. yard is defined as 3.600/3.937 metre and the U.S. pound as
0.4535924277 kilogram.

For industrial purposes, in the conversion of inches to millimetres and
millimetres to inches, a relation between the inch and the millimetre has been
adopted by the American Standard Association (1933) and by similar organizations
in other countries.

This relation is
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1 inch = 25.4 millimetres (exactly)
whereas the relation 1 U.S. yard = 3.600/3.937 = metre gives
1 inch = 25.4000508 millimetres.

It is to be noted that although the mass of a body, often defined as the
quantity of matter in a body, remains constant everywhere and under all conditions
as long as no portion of the body is taken away and no matter added to it, its
weight, being a force equal to the product of mass of the body by the acceleration

of gravity, varies with the locality in which it is measured [2, C. 40 - 41].

2.2.2 Read the text about the metric system and answer which sentences

below it are true and which are false.

The Metric System. The metric system is the international decimal system
of weights and measures based on the metre and kilogram.

The metre, the unit of length, is defined in terms of the bar of platinum-
indium known as the international prototype metre at the International Bureau.

This is a line standard of length made with a cross section known as the
Tresca section, selected because of its great rigidity for a given weight, and having
microscopic lines engraved on the plane of its neutral axis.

The composition of the alloy is 90% platinum, 10% iridium. The distance
between the central and one of the group of lines at each end when the bar, being
subjected to normal atmospheric pressure, is supported on two rollers at least 1
centimetre in diameter placed symmetrically 572 mm. apart and the bar is at
temperature of 0 °C. is defined as one metre.

It was shown by Albert Abraham Michelson that a standard of lengths could
be replaced by reference to the measurement of wave length of light. In 1927 the
Seventh General (International) Conference on Weights and Measures adopted
provisionally a supplementary definition of the metre in terms of the wave length
of light. According to this definition the relation for red cadmium light waves

under specified conditions of temperature, pressure and humidity is 1 metre =
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1,553,164.13 wave lengths. The kilogram is the mass of a definite platinum-iridium
standard, the international prototype kilogram, kept at the International Bureau of
Weights and Measures. The composition of this cylinder, which has a height
approximately equal to its diameter, is the same as that of the prototype metre,
namely, 90% platinum and 10% iridium.

The litre is defined as the volume of a kilogram of pure water at the

temperature of its maximum density and under standard pressure [2, C. 42 - 43].

False or true?
1. The weights and measures of the metric system are based on the metre
and kilometer.
2. The platinum-indium alloy consists of 90% platinum and 10% iridium.
3. Inthe 30s of the 20" century the explanation of the metre with the help
of the wave length of light was adopted.
4. One litre may be defined as the volume of a kilogram of any liquid at

the temperature of its maximum density and under standard pressure.

2.2.3 Read the text, translate it and choose the right form from brackets.

Effects of Temperature and Pressure and Gravity. Because the
dimensions of any standard change with temperature, it is ... (necessary,
necessarily) to state the temperature at which standards of length, area, volume, or
capacity are to be used, or, if used at any other than standard temperature, then the
coefficient of expansion must be stated. The standard temperatures most often used
are: 0 °C. (32 °F.), the standard temperature for the prototypes of the metric
system, also used for some secondary metric standards and for some
measurements; 20 °C. (68 °F.), the internationally adopted standard temperature
which is being ... (increasing, increasingly) used for weights and measures work;
16.67 °C. (62 °F.), the official temperature used in connection with the British

imperial system; 4 °C. (39.20 °F.), the temperature of maximum density of water,
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used in density and volumetric work in which water is ... (direct, directly) or ...
(indirect, indirectly) involved; 25 °C. (41 °F.), a standard temperature ... (used,
using) in some work in physical chemistry; and 15.56 °C. (60 °F.), the standard
temperature ... (used, using) in the petroleum industry for density and volume
work.

Changes in ... (atmospheric, atmospherically) pressure have very little
effect on length standards, a change in pressure from 710 to 790 mm. causing a
change in length of about 0.00005 mm. in the case of the prototype metre. Changes
in ... (atmospheric, atmospherically) pressure are usually disregarded in
measurements of length.

Any change in air pressure, as well as changes in the temperature and
humidity of the air is, however, of importance in any comparison of masses
because these are factors ... (affected, affecting) the buoyant effect of the air.

Any definitions of weights which involve comparisons of the weights of
bodies having different densities are incomplete unless the atmospheric conditions
are specified together with the densities of material employed. In the United States
most commercial weights are verified on the basis of apparent mass in air against
brass standards of density 8.4 g./cm.’ at 0 °C., no correction being made for the
buoyant effect of the air, the values for the brass standards being their true mass or
weight in vacuo.

When weighing on an equal arm balance, if the body being weighed does
not have the same density as the weights, a correction must be made.

The standard air pressure usually ... (used, using) in weights and measures
work is 760 mm. mercury, at 20 °C., mercury having a specified density of 13.5951
g. per cm.”, with gravity 980.665 cm./sec.’

Since a spring balance indicates weight and not mass, a constant mass
suspended from a spring balance will produce different readings when
measurements are made in a series of places having sufficient changes in the force
of gravity, the indicated weights varying ... (direct, directly) with the force of

gravity, other conditions being equal. An equal arm balance likewise really
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compares weights rather than masses, but on the assumption that the two pans of
the balance are acted upon by the same force of gravity, the result is an ...
(indirect, indirectly) comparison of masses. If other conditions remained constant,
a balance would everywhere give the same balance between the same two bodies,
no matter how the force of gravity varied from place to place — provided always
as above, the assumption is justified that the force of gravity is the same on the two

pans of the balance [2, C. 43 - 44].

2.2.4 Try to explain your choice grammatically.

2.2.5 Read the text and explain what the difference is between the Scalar

and Vector Quantities.

Scalar and Vector Quantities

Scalar Quantity. — There are many quantities, such as mass, time, area,
volume, etc., that have only magnitude. They do not involve any idea of direction
and are completely known when their magnitudes are specified. Such quantities
obey the ordinary laws of addition, subtraction, multiplication, and division. A
field has an area of 10 acres. To it is added another field containing 3 acres. The
combined fields now have an area of 13 acres. A block of wood weighs 8 1b. A
piece weighing 3 1b. is cut off. The remainder weighs 5 1b. These are illustrations
of the addition and subtraction of scalar quantities. A Scalar quantity is a quantity
that has magnitude only.

Vector Quantity. — Quantities such as force, weight, displacement
and velocity which have both magnitude and direction are known as
vector quantities. They require knowledge of both magnitude and direction for their
complete description. They cannot be added, subtracted,
multiplied, or divided according to the ordinary methods of arithmetic, but must be
added, subtracted, multiplied, or divided vectorially. For example, a force of 8 Ib.

directed east and a force of 6 1b. directed north are equal to a force of 10 1b. in a
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direction north of east. A vector quantity 1is a quantity that
has both magnitude and direction.

A vector quantity can be represented by means of a straight line. The length
of the Iline represents the magnitude of the vector. The direction of the line
represents the direction of the vector, and an arrowhead on the line shows the sense
in which the vector is to be taken. A line 2 in. long pointing directly east may
represent a force of 20 lb. acting toward the east.

If a body moves from one position to another, it is said to have had a
displacement. For example, a body is moved from position A to position B and
then from B to C. It has experienced two displacements, and these two
displacements are equivalent to a single displacement from A to C, In each case the
length of the line represents the magnitude of the displacement, the direction of the
line represents the direction of the displacement, and the arrowhead on the line
shows the sense in which the displacement took place. Since displacements have

both magnitude and direction, they are vector quantities [2, C. 44 - 45].

2.3 Revision texts 2.1 - 2.2

2.3.1 Match words and word-combinations with their translation:

legitimate HEWUTpaabHas OCh

multiplication npUOTNKEHHO PaBHBIN

avoirdupois pound MOTPYKaThCs, CIMBATHCS, TPOHUKATh
multiple JNEeCSITUYHASA METpUUYECKas cucrema
derived unit TOYHBIC OTHOIIICHUS

circumference IJIOTHOCTh

great rigidity JeIUTh, TOAPA3ACISITh

scalar / vector quantity 000CHOBaHHBIN, ONPaBIaHHBIN
volume miaBy4duii 3 dexr
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humidity

BBIYUTAHUC

mercury COJTHEUHBIE (ACTPOHOMUYECKUE) CYTKU

density KO3 (PUIIMEHT pacIupeHHs]

addition YUCTBIN, OEeCTIPUMECHBIN

magnitude MTOJIHBIM JACJINUTENb, BSINUNHA,
aensmascs 6e3 octaTka

assumption KpaTHOE YHCIIO

fluid ounce CIUIaB

decimal metric system OKPYXHOCTb

to merge GbyHT “aBepaprononc”, GyHT

Opurtanckoi cuctembl Macchl (0,453 kr)
subdivide 3aKOHHBIA, ICTHHHBIH, HACTOSIIAH
submultiple YMHOKEHHUE

Tresca (cross) section

IMpon3BOaAHAA CAUMHHUIIA

buoyant effect KaK JUIS KHUJIKUX BEIIECTB, TaK U HET
solar day nonepeyHoe ceueHue (ceuenue Tpecka)
subtraction BEJTUYMHA

division PTYTh

pure OCHOBaHMHeE, MPEANOI0KECHHE

alloy KyOM4ecKuil Aroim

coefficient of expansion

JACIJIICHHUC

exact relations

CKaJIIpHad / BCKTOPHAA BCIIMYNHA

cubic inch

TOHKas JIMHUA

approximately equal

BJIAXKHOCTD

justified OTPOMHAsI pUTHAHOCTD (TBEPAOCTD,
yIPYTrocTh)
neutral axis CJIO’KEHNE

both liquid and dry

KUJKast YHIIUS (Mepa KUIKOCTEH; B

Benuko6puranuu = 28,4 cm3, B CILIA =
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29,57 cm3)

fine line E€MKOCTbh, 00BEM

2.3.2 Find the sentences with these words and word-combinations in texts

2.1 - 2.2 and translate them.

2.3.3 Prepare the words and word-combinations for a dictation.

2.4 Texts Statics

2.4.1 Read and translate the text about Forces, choose one or two main

sentences for every of six chapters.

Forces

1. Nature of a Force. — The word force is a general term for any push or
pull. A force is always exerted on a body by another body, or on a part of a body by
another part. Though a force is really an action of one body on another, it is
customary and convenient to speak of the force itself as acting on the body to
which it is applied.

A force may act through contact like the pressures of a crankshaft on its
bearings, or it may act from a distance like gravitational or magnetic attraction. It
may act on or be distributed over a considerable area of contact like the thrust of
earth against a retaining wall, or it may act on so small an area as to be practically
concentrated at a point like the pressure of a locomotive wheel on a rail.

But whether exerted through contact or from a distance, whether distributed
or concentrated, a force is always exerted on something by something.

The gravitational force exerted on a body by the earth acts toward the

earth's center; it is a distributed force, acting on all the particles that make up the
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body, but for many purposes it is convenient and correct to regard it as
concentrated force acting at a point called the center of gravity of the body.

The gravitational attraction or earth pull on a body is commonly called the
weight of the body.

2. Description and Representation of a Force. — Your earliest ideas
about forces were based on your own experience with forces exerted by or on
yourself. For example, when moving a heavy body you realize that the force you
applied had 1) magnitude, according to how hard you pushed or pulled, 2)
direction, according to whether you pushed or pulled up, down, to the right, or to
the left, 3) place of application, according to where you grasped the body. These
three attributes - magnitude, direction, and place of application — serve to describe
a force and are called the elements or characteristics of a force.

The line of action of a concentrated force, or a force so considered, is a line
of indefinite length, parallel to the direction of the force, and containing its point of
application.

In other words it is the line along which the force acts.

3. Composition and Resolution of Forces. — A force is an action exerted
by one body on another that tends to change the state of motion of the body acted
upon. To specify a force, it is necessary to know its direction, magnitude, and
sense. Hence, forces are vector quantities. They must be added, subtracted,
multiplied, and divided vectorially. The ordinary arithmetical rules of addition,
subtraction, multiplication, and division, which are valid for scalar quantities, can-
not be used except in special cases. Forces like other vector quantities can be
represented by straight lines. The length of the line represents the magnitude of the
force. The direction of the line represents the direction, in which the force acts, and
the head of an arrow on the line shows whether the force acts up or down, to the
right or to the left, east or west, etc.

4. Resultant. — If a force acts on a body that is free to move, the body
moves in the direction of the force. When two forces are applied in opposite

directions, the body moves in the direction of the greater force. The force tending
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to displace the body in this case is the difference between the two forces. When the
forces act in the same direction, the effective force is the sum of the two forces.
This effective, or equivalent, force is known as the resultant of the forces. In the
case of two oppositely directed forces acting at the same point this resultant is
found by taking the difference between the applied forces, and its direction is the
direction of the greater force. When the forces act in the same direction, the

resultant is found by adding the applied forces.

Figure 15 (a) - Forces acting on a simple crane;

(b) - Rectangular components of a force

In Figure 15 (a) a simple crane illustrates the composition of two forces.
Let the top of the beam BC be connected by means of a cord to
the wall at 4, in such a way that when the beam is in equilibrium
the cord AB is at right angles to the wall. A spring balance inserted
in this cord indicates the tension in it. A weight ¥ is hung from B. Under the action
of those two forces, the beam exerts a thrust that is just enough to overcome their
combined action. This thrust is equal in magnitude and opposite in direction to the
resultant of these two forces. To obtain the force diagram, lay off on a vertical line
a distance which represents the weight W, and at right angles to this line lay off a
second line which represents the magnitude and direction of the tension 7 in the
cord AB. Now, draw the rectangle of which 7 and W are the two sides. The
diagonal of this rectangle represents the resultant of the horizontal and vertical

forces and is equal to the force exerted on the beam.
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5. Resolution of Forces. — It has been seen that two forces can be
combined into a single force. On the other hand, a single force may be broken up
into two or more forces to which it is equivalent. When one force is given, it is
possible to find two other forces which when applied simultaneously will produce
the same effect as the single force. This process of splitting up a single force into
two or more parts is known as the resolution of forces, and the parts into which the
force is split up are called the components of the force.

6. Rectangular Components of a Force. — Most frequently the force is
resolved in such a way that the components are at right angles to each other. In
Figure 15 (b) OR represents a given force, and the components are desired along
OX and OY, two directions which are at right angles to each other. By completing
the rectangle OARB, the magnitudes of the components are found to be O 4 and
OB. The relation between the components and the original forces is given by the
trigonometric formulas

OA = OR cos x

OB = AR = OR sin x

The forces acting on a body may neutralize each other in such a way that
there is no tendency for the body to change either its motion of translation or its
motion of rotation. The body is then said to be in equilibrium under the action of
the applied forces. If the body is at rest, it will remain at rest, and if it is in uniform
motion — either motion of translation or motion of rotation — it will continue to

move with uniform motion [2, C. 45 - 47].

2.4.2 Retell the text using your sentences.
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2.4.3 Read and translate the text, give brief definitions to torque,

equilibrium, gravity center and stability of a body.

Equilibrium of Forces

1. Torque. — The tendency of a force to produce rotation depends on the
magnitude of the force and on the perpendicular distance between the line of action
of the force and the axis about which the rotation takes place. It is proportional to
the magnitude of the force and also to the distance between the line of action of the
force and the axis of rotation. It is convenient to define torque, or moment of force,
as the product of the force and the perpendicular distance between the line of action
of the force and the axis of rotation.

Torque = force X distance from axis

2. Conditions of Equilibrium. — In order to make a body in equilibrium
under the action of any number of forces, two conditions must be satisfied:

1. The sum of the forces acting on the body in any direction must
be equal to zero. When this condition is satisfied, the body will have
no tendency to change its motion of translation, since there is no net force acting on
it.

2. In order that the body may have no tendency to change its motion of
rotation, the sum of the moments of force tending to produce clockwise rotation
about any axis must be equal to the sum of the moments of force tending to
produce counterclockwise rotation about that same axis. When this second
condition is fulfilled, there is no net torque acting on the body, and its motion of
rotation will not change with time, 1. e., if the body is already at rest, it will not
start into rotation; and, if it is already in rotation, its rate of rotation will not
change.

3. Center of Gravity. — Every particle of a body possesses weight, so that
the pull of the earth on the body is made up of a large number of forces directed

toward the center of the earth.

70



Suppose that there are two particles of mass, m and M, at 4 and B,
respectively, and that these particles are connected by a light rod. These particles
are attracted to the earth with forces that are nearly parallel to each other. If a point
C in the rod is so chosen that

mXAC =M X BC

then the moments of force tending to turn the rod clockwise are just equal to
the moments tending to turn it counterclockwise. If the rod is turned into some
other position, the forces will no longer be perpendicular to the rod, but the
moments of force about C will still balance each other. Hence, it is possible to
regard the two masses as concentrated at C, since the action of gravity on these two
masses concentrated at C is the same as its action when the masses are at the ends
of the rod. A point at which it is possible to assume the masses concentrated
without changing the action of gravity on them is called the center of gravity of the
masses.

Whatever the shape and size of the body, it is always possible to find one
point at which a force equal and opposite to the weight of the body can be applied
so that the body will remain at rest.

About this point the body has no tendency to rotate under the action of
gravity, and at this point we may consider all the mass of the body to be
concentrated. If the body is balanced on a knife edge, this point will lie directly
above the knife edge. The center of gravity need not necessarily lie in the substance
of the body. Thus the center of gravity of a uniform ring lies outside the material of
the ring - at its center.

4. Types of Equilibrium. — The equilibrium of a body may be stable,
unstable, or neutral. When a body returns to its original position after being slightly
disturbed, the equilibrium is said to be stable. A cone standing on its base is an
illustration of this type of equilibrium. When a cone on its base is raised slightly
from the table on which it rests, it returns to its original position on being released.
It is in stable equilibrium. If, however, the cone rests on its vertex and is then

slightly displaced, it tends to fall into a new position rather than return to its
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original position. In this case the cone is in unstable equilibrium. Any body which
tends to get as far as possible from its original position when disturbed is in
unstable equilibrium. A sphere resting on a horizontal table when slightly displaced
tends neither to return to its former position nor to go still farther away from it, but
it remains in any position in which it finds itself. Such a body is in neutral
equilibrium.

5. Stability of a Body. — The position of the center of gravity is of much
importance in determining the stability of a body. The lower the center of gravity,
the greater the stability of the body and the more difficult it is to overturn. A body
becomes unstable as soon as the vertical line through the center of gravity falls
outside its base. The body which must be displaced the greater amount in order to
make the vertical through its center of gravity fall outside the base is the more

stable [2, C. 48 - 49].

2.4.4 Play a game with your partner, where one person is the examiner in
physics and the other one is examinee, who has to tell him/her about the

equilibrium of forces.

2.5 Texts Kinematics

2.5.1 Read the text and answer: What is motion, plane motion, rotation,
plane of rotation, center of rotation, S-coordinate, uniform motion, nonuniform

motion, angular displacement?

Motion. — The commonest phenomena which we observe are those
involving the movement of objects from one point to another. Walking, riding,
flying, dancing, climbing and sailing are all familiar examples of motion.

Motion is the continuous change in position of an object or a particle. The

line along which a moving particle travels is called the path of the particle or path
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of the motion. If the path is a straight line the motion is rectilinear; if it is a curved
line the motion is curvilinear.

Plane Motion is motion in which each point of the moving body remains at
a constant distance from a fixed plane. Each point of the body moves in a plane,
and that plane in which the center of gravity of the body moves is called the plane
of the motion.

The wheels of a locomotive running on a straight track have plane motion,
as has also a book which is slid about in any way on the top of a table. A
translation may or may not be a plane motion; a rotation about a fixed axis is
always a plane motion.

A rotation is such a motion of a rigid body that one line of the body or of
an extension of the body remains fixed. The fixed line is the axis of rotation. The
motion of the flywheel of a stationary engine is rotation, and the axis of rotation is
the axis of the shaft on which the wheel is mounted; the motion of an ordinary
clock pendulum is a rotation, and the axis of rotation is the horizontal line through
the point of support and perpendicular to the pendulum. Obviously all particles of a
rotating body except those on the axis describe circles or circular arcs whose
centers are in the axis and whose planes are perpendicular to the axis. The plane in
which the center of gravity of the body moves is the plane of rotation and the
intersection of the axis of rotation and this plane is the center of rotation. All
particles of the body on any line parallel to the axis move alike, hence the motion
of the projection of the line on the plane of rotation represents the motion of all
these particles. And the motion of the body itself is represented by the motion of
the projection of the body on the plane of rotation.

Position; Displacement. — The position, at any instant, of a particle that
has rectilinear motion is conveniently specified by its distance from a chosen fixed
origin in the path. We call this distance the S-coordinate and customarily denote it
by S. To indicate which side of the origin the moving particle is on, S is given a
sign. Either direction along the path may be taken as positive and the other as

negative. We assume for convenience that rectilinear motions are horizontal, and
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we take direction to the right as positive. The displacement of a particle for any
given interval of time is the increment in its S-coordinate; it is equal to the distance
between the initial and final positions of the particle, and is positive when the final
position is to the right of the initial position.

If the direction of the motion does not change during a given interval of
time, the displacement of the particle for that interval is equal to the distance it
travels. But if the motion is reversed during the interval the distance travelled is
greater than the displacement. If a particle moves so that it undergoes equal
displacement in all equal intervals of time it has uniform motion; if it moves in any

other way it has nonuniform motion.

Figure 16 - Angular displacement

Angular Displacement. - By angular displacement of a rotating body
during any time interval is meant the angle described during that interval by
any line parallel to the plane of rotation. Obviously all such lines turn
through equal angles in the same interval; it is convenient, for purposes of
illustration, to select a line that cuts the axis. Let the irregular outline (Figure 16)
represent a rotating body, the plane of rotation being the plane of the paper and the
center of rotation being O. Line OP is a line in the body perpendicular to the axis
of rotation, and O is the angle between OP and any fixed line of reference OX, also
perpendicular to the axis of rotation. As customarily, © is regarded as positive
when measured counterclockwise from OX to OP. If ©/and O2 denote initial and
final values of © for any time interval, then the angular displacement for that

interval is © = ©2 — 01 [2, C. 50 - 51].
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2.5.2 Read and translate the text and choose the best summary below.

Forces and Motions

Types of Motion. — The motions of bodies may be divided into three
classes: (1) translation, (2) rotation, and (3) vibration or oscillation. A body is said
to have a motion of translation when it moves on continuously in the same
direction. A ball thrown from the hand and an automobile running on a straight
road are illustrations of motions of translation. If a body instead of travelling
forward turns on fixed axis, it has a motion of rotation. Thus the flywheel of a
stationary engine turns continuously around its axis without ever moving forward.
Any point on the wheel returns again and again to its original position. This is a
motion of rotation. The drive wheels of a locomotive are moving forward and are at
the same time rotating. Therefore they have two motions, one of rotation and the
other of translation. Some bodies reverse their motions from time to time and
return at regular intervals to their original positions. Such bodies are said to have a
motion of vibration or oscillation. The pendulum of an ordinary clock swings back
and forth at regular intervals, so that the same motion is repeated again and again.

The bob of the pendulum has a motion of vibration [2, C. 51].

Summary variants:

e Translation is a motion with the continuous changing of the direction,
while rotating means circling and oscillation represents a periodic
motion.

e Translation is a continuous forward motion, while rotating means
swinging back and forth and oscillation represents a motion with
some intervals.

e Translation is a forward motion in a straight line, while rotating
means revolving on the axis and oscillation represents reversing

motion with some periodicity.
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2.5.3 Read the text, translate it and find out what sentences to the text are

false.

Speed and Velocity
Speed. — The speed of a body is defined to be the rate at which the body is
passing through space or the space passed over in unit time. It is determined by
dividing the space over which a body has passed by the time required to pass over

that space. It is a scalar quantity and has magnitude only.

Speed = space per unit time = distance / time

Velocity. — The velocity of a body has a directional quality in addition to
its magnitude. Velocity is a vector quantity in contrast to speed, which is a scalar
quantity. The magnitude of the velocity is the same as the numerical value of the
speed. In giving the velocity of a body the direction of motion must also be
specified. If it is stated that an automobile is running 30 mph the information is not
sufficient to locate the machine. In addition to stating the speed of the machine, it
is necessary to give the direction in which the machine is moving and the point
from which it starts. Directed speed, which is called velocity, is therefore a vector
quantity. The velocity of a body may change either by changing the numerical
value of the speed or by changing the direction of motion. A body that is moving in
a circular path with uniform speed continually changes its direction. Its velocity is
therefore variable. The magnitude of the velocity = space passed over per unit time
= distance : time.

Addition of Velocities. — Suppose that a railroad train is running east at 10
mph and that a man walks forward on the train at the rate of 4 mph. The man has a
forward velocity because of the motion of the train and also a forward motion
because of his walking. His forward velocity with respect to the earth is the sum of
these two velocities, or 14 mph. Now suppose that he walks backward on the train

at the rate of 4 mph. Again he has two velocities, 10 mph forward and 4 mph
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backward. His net velocity with respect to the earth is the difference between his
forward and his backward velocity or 6 mph forward. In this case the two velocities
lie along the same line and the resultant velocity is equal to the algebraic sum of
the separate velocities. When the separate velocities lie along different lines, they
must be added with proper regard for the directions of motion.

As an illustration of the composition of velocities that are at right angles to
each other, consider the case of a man rowing a boat across a stream. The man has
a velocity across the stream owing to his rowing. If the man rows at right angle to
the direction in which the water flows, conditions are as represented in Figure 17a.
The effect of the combined velocities is that the boat is carried across the stream
and at the same time is carried down the stream. The speed at which the boat
actually moves and the direction of its motion are found by constructing a rectangle
so that one side represents the speed and direction of motion of the boat due to the
rowing, and the other side the speed and direction of motion of the boat due to the
stream alone. The actual direction of motion and speed of the boat is given by the
diagonal of this rectangle.

Resolution of Velocities. — As in the case of displacements, forces and
other vector quantities, it is often convenient to replace a velocity by its
components at right angles to each other. This process is called the resolution of

velocities. Let OB, Figure 17b represent the magnitude and direction of a velocity

e 2
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5 S ' =Vsin®
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Velosity of stream Vx=VcosO
a b

Figure 17 a - Addition of velocities at right angles to each other;

b- Rectangular components of a velocity

77



This velocity can be resolved into two components that are at right angles to
each other. If the velocity V makes an angle 0 with the x axis, its component Vx in
the direction of the x axis is

OA =Vx =Vcos 0
and its component in the direction of the y axis is

OC =Wy =Vsino[2,C.52-53].

Sentences to the text:

1. Being a scalar quantity, speed doesn’t include the direction.

2. Velosity is the synonym of speed and equals distance divided by time.

3. When you count your velocity you should take gravity into
consideration.

4. To get the right velocity of the object, his/her net velocity we should
add all velocities with respect to the directions of motion.

5. Resolution of velocity means resolving it into its components at right

angles to each other.

2.5.4 Read and translate the text. Think out a headline.

We know the velocity of a particle to be continuously changing if this
particle has nonuniform motion; in each successive time interval the particle
acquires or takes on some increment of velocity. The time rate at which the
velocity changes is the acceleration of particle. This rate has magnitude, according
to how much velocity is being taken on per unit of time, and direction, according to
the direction of the velocity that is being taken on. The magnitude of acceleration is
expressed in units of velocity per unit of time, as miles per hour per minute
(mi/hr/min) or feet per second per second (ft/sec/sec or ft/sec).

The direction of the acceleration is conveniently indicated by sign, plus

when to the right, minus when to the left.
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If the velocity changes uniformly (equal velocity increments in all equal
intervals of time), then the acceleration is constant and may be computed by
dividing the velocity-increment for any interval of time by the interval. That is a =
Av:At (1) where Av denotes the velocity increment for the interval At.

If the velocity does not change uniformly, then the acceleration is not
constant but changes continuously, and Eq. 1 does not, in general, give the
acceleration at any particular instant but gives only average acceleration for the
interval At.

That is, ae« = Av:At (2) where o« denotes average acceleration. The
acceleration at a particular instant is the limit of the average acceleration for an
interval that includes the instant in question (in question - paccMaTpuUBaeMBblii; in
question - 311. ABJIsIETCS onpeneneHuem) as the interval is taken smaller and smaller.

This limit is dv/dt; that is a = dv:dt (3). If we substitute for v its value ds/dft,
Eq, 3 becomes a = ds/dt.

The above equations indicate that o« and a are positive or negative
according to the sign of Av or dv, and this is consistent with the rule for the sign of
acceleration given above. It should be particularly noted that the sign of the
acceleration does not depend merely on whether the speed is increasing or
decreasing.

If a particle is moving to the right and going faster and faster it has positive
acceleration, but it also has positive acceleration when moving to the left and going
slower and slower. In both cases positive velocity is being taken on and the
direction of the acceleration is to the right. The magnitude of the acceleration,

without regard to sign, represents the rate of change of speed [2, C. 53 - 54].

2.5.5 Look through the text and find the English equivalents for the
following Russian phrases and word-combinations:

B KaXIbIH TNOCHEAYIONIMN MHTEpBaJ BpPEMEHH; 3a €IUHUIY BPEMEHHU;
U3MEHSETCS PABHOMEPHO; IOCTOSIHHO H3MEHSIETCS; O3HA4YaeT CPEJHEE YCKOPEHME;

YPAaBHCHU: BBIIIC, B obounx Clyvaiax.
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2.5.6 Read and translate the text, give brief definitions to angular
velocity, angular acceleration, rotary inertia and explain Newton’s second law

for rotary motions.

Rotary Motions

Angular Velocity. — Let one end of a line OA4 of Figure 18 be fixed, and
then let the line revolve in a plane about this fixed end. The rate at which the line
rotates is called its angular velocity which is usually expressed in radians per
second. If the rate of rotation of the line is constant, the angular velocity is constant
and is equal to the angle through which the line turns in unit time. The angular
velocity may also be measured in revolutions per second or per minute. Angular
velocity like linear velocity is a vector quantity. It can be represented by drawing a
line of suitable length in the direction of the axis about which the rotation takes
place.

Angular Acceleration. — The rate at which the angular velocity changes is
called the angular acceleration. It is the increase or decrease in angular velocity per
unit of time. It is related to the angular velocity in the same way in which the linear
acceleration is related to linear velocity. In an angular acceleration as in linear
acceleration it is necessary to specify two units of time. One of these units gives the
unit of time in which the angular velocity is measured, and the other gives the unit of
time used to measure the change in the angular velocity. Ordinarily, the same unit of

time 1s used in both cases.
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Figure 18 - Relation between angular velocity and linear velocity.

Angular velocity times radius gives linear velocity
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Relation of Torque to Angular Acceleration. — In order to produce linear
acceleration, it is necessary to apply a force to the body, and the greater the force the
greater the acceleration. To produce angular acceleration, it is necessary to apply a
torque to the body. The greater the torque, the greater is the angular acceleration that
is produced. For a particular body rotating about a fixed axis, it is found that the
angular acceleration is proportional to the torque that produces it. This factor of
proportionality by which the angular acceleration must be multiplied in order to give
the torque is a measure of the opposition of the body to being set in rotation. It is
analogous to the mass of a body, which is a measure of the opposition of a body to
being set in translation. The relation between the torque and the angular acceleration
can be expressed by the equation

T=14

where 4 = the angular acceleration in radians per second per second; 7 = the
torque (force in poundals and distance in feet, or force in dynes and distance in
centimeters); / = the factor of proportionality called the rotary inertia.

This relation is known as Newton’s second law for rotary motions. It states
that the angular acceleration is proportional to the torque.

Rotary Inertia. — Experiment has shown that the opposition of a body to
being set in translation is proportional to the mass of the body and does not depend
on anything else. It is found, however, that the opposition which a body offers to
being set in rotation, or accelerated, about a fixed axis depends not only on the mass
but also on the way in which this mass is distributed about the axis. This opposition
which is called the rotary inertia, or the moment of inertia, is proportional to the mass
and to the square of the distance of the mass from the axis of rotation. For this reason,
when it is desired to make the rotary inertia of a flywheel of given mass as large as
possible, the mass of the wheel is concentrated in the rim. When the mass is con-
centrated near the axis, the tendency of the wheel to continue in motion, or its
resistance to being set in motion, is much less. In order to calculate the rotary inertia,
multiply each element of mass by the square of its distance from the axis of rotation,

and then add together all these products [2, C. 54 - 55].
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2.5.7 Read the text, translate it and answer the questions: In what way
can we find the acceleration when acting force is variable? What is SHM? What
is periodic motion? What is oscillatory motion? What is the period of the

motion?

Harmonic Motion

Now we are to study the motion of a body when the resultant force on it is not
constant, but varies during the motion. Naturally, there are an infinite number of
ways in which a force may vary and hence no general expression can be given for the
motion of a body when acted on by a variable force, except that the acceleration at
each instant must equal the force at that instant divided by the mass of the body.
There is, however, one particular mode of variation which is met with in practice so
frequently that it is worth while to develop formulas for this special case. The force
referred to is an elastic restoring force, brought into play whenever a body is distorted
from its normal shape. When released, the body will be found to vibrate about its
equilibrium position.

The example of this sort of motion is given below.

Suppose that a flat strip of steel is clamped vertically in a vice and a small

mass is attached to its upper end as in Figure 19.
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Figure 19 - A flat strip of steel
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We shall assume that the strip is sufficiently long and the displacement
sufficiently small so that the motion is essentially along a straight line. The mass of
the strip itself is negligible.

Let the top of the strip be pulled to the right a distance 4 as in Figure 19 and
released. The attached mass is then acted on by a restoring force exerted by the steel
strip and directed toward the equilibrium position O. It therefore accelerates in the
direction of this force, and moves on toward the center with increasing speed. The
rate of increase (i. e. the acceleration) is not constant, however, since the accelerating
force becomes smaller as the body approaches the center.

When the body reaches the center the restoring force has decreased to zero,
but because of the velocity which has been acquired, the body overshoots the
equilibrium position and continues to move toward the left.

As soon as the equilibrium position is passed the restoring force again comes
into play directed now toward the right. The body therefore decelerates and it will
therefore be brought to rest at some point to the left of O, and repeat its motion in the
opposite direction.

Both experiment and theory show that the motion will be confined to a range
+ A on either side of the equilibrium position, each to-and-fro movement taking place
in the same length of time.

Were there no loss of energy by friction the motion would continue
indefinitely once it had been started. This type of motion, under the influence of an
elastic restoring force and in the absence of all friction, is called simple harmonic
motion, often abbreviated SHM.

Any sort of motion which repeats itself in equal intervals of time is called
periodic, and if the motion is back and forth over the same path it is also called
oscillatory.

A complete vibration or oscillation means one round trip, say from o to b and
back to a.

The periodic time, or simply the period of the motion, represented by 7, is the

time required for one complete vibration.
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The frequency, £, is the number of complete vibrations per unit time.
Evidently the frequency is the reciprocal of the period or
T=1f
The displacement, x, at any instant, is the distance away from the equilibrium
position or center of the path at that instant.
The amplitude, A4, is the maximum displacement. The total range of the

motion is therefore 2 4 [2, C. 56 - 57].

2.5.8 Notes to text 2.5.7:

o to bring into play - npuBecTu B 1elCTBUE;

o to come into play — HauaTh IEMCTBOBATS;

o to bring to rest — 0CTaHOBUTH;

o the body overshoots the equilibrium position - Teno nMepexoauT 3a Mpeaeibl

ITOJIOKCHHA PABHOBCCHA.

2.6 Revision texts 2.4 - 2.5

2.6.1 Match words and word-combinations with their translation:

curvilinear BpAIllEHUE 10 YaCOBOU CTPEIKE
motion of translation pasyiaraTh Ha COCTaBIISIONINE
to substitute PSIMOYTOJIbHUK

oscillation MIPE010JIEBATh

to distribute OKa3bIBaTh JABIICHUE, BIUITH
to overturn TBEPJIOC TEIIO

resultant HE3HAYUTEIIbHBIN

increment CKPEIUISITh, 3aKUMaTh

net force oOpaTHas BEJIMYHUHA

forward Hazaj
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to overshoot BpAILIAIOLIAN MOMEHT

tension 3eMHO€ MPUTSHKEHNE

cone 0007

rectilinear MpyKUHA

to-and-fro movement MPSIMOJIMHENHBIT

clockwise rotation BUOpanusi, KauaHue, KojieOaHue

to resolve into components NepeKpelIBaHme, MepeceucHue

rigid body KOHYC

reciprocal BIIEpe]

thrust MOCTyNaTeJIbHOC JABHKCHUEC

to pass over OTIPOKH/IBIBATH, IEPEBOPAUNBATH

to clamp paBHOJEHCTBYOMAs (Pe3yIbTHPYIOIIAsT)
cuna

spring MaXOBHK, MaXx0BO€ KOJIECO

revolution pE3yJIbTAHT, BEKTOPHAs CyMMa

backward 3aMCHATh, 3aMCIIATh

rectangle yBEJIMYEHUE

torque MPOCKAKUBATh, OTKIOHSATHCS

negligible HanpsHKEHHUE, HATSHKEHUE

earth pull pa3oKEeHUEe CUJl

rim BO3BPATHO-TIOCTYNATEIHOE JBUKCHHE

counterclockwise rotation pacnpenensiTh

resolution of forces obopoTt

to exert KPUBOJIMHEUHBIN

flywheel cuja TATH, TOTYOK

intersection BpaIlleHUe TIPOTHB YaCOBOU CTPEIIKU

2.6.2 Find the sentences with these words and word-combinations in texts

2.4 - 2.5 and translate them.
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2.6.3 Prepare the words and word-combinations for a dictation.

2.6.4 Translate from Russian into English.

Cratmka TIpeaCTaBIsIeT CcOOOHW TOT OTAEN MEXaHWKH, B KOTOPOM
pacCMaTpHWBAIOTCS YCJIOBHS PAaBHOBECHS CHWJ, TPWIOKEHHBIX K Temy. Ilpwu
PaBHOBECHUHU CHJI TPEOYETCs, YTOOBI HU OJJHA TOYKA TeJIa HEe uMena yeckopeHus. Eciu
paccMaTpuBaeMoe TEJIO €CTh CBOOOAHAs MaTepuasibHAas TOYKa, TO JJII PaBHOBECHUS
MPWIOKCHHBIX K HEHW CHJI HEOOXOAUMO, YTOOBI MX TEOMETpPHYECKas CyMMa WA
paBHOACHCTBYOMmAss Oblla paBHa HYyN0. Ecnm maTepuanbHas TOYKa HE MOXKET
CXOAUTh C TJQJKOW TOBEPXHOCTH, TO, TMPH TIOJOXKCHHUSIX PaBHOBECHS,
reoOMeTpUYecKas CyMMma IMPUIOKEHHBIX K HEH CHJI JIOJDKHA OBITH paBHA U TIPSIMO
MIPOTHBOITOJIOXKHA PEAKITUU TTOBEPXHOCTH, a TaK KaK PEaKIys TJIaJKOW IMOBEPXHOCTH
HaIpaBJICHAa 10 HOPMaJId, TO U T€OMETPUYECKass CyMMa MPHUIOKEHHBIX K TOYKE CHII
JO0JDKHA OBITH HampaBlieHa M0 HOpMaJiHW. B 3TOM COCTOMT yCIIOBHME PaBHOBECHS CHII,
MPWIOKCHHBIX K MaTepUaJIbHON TOUYKE, OCTAIoMIeCcs Ha IiIaJaKou nmoepxHocTH [10,
http://en.wikipedia.org/wiki/Statics].

Kunematuka — 5T0 pazjgen (U3UKWA, W3YYarONIUH COCTOSHUE JIBMKCHUS
HE3aBUCHUMO OT BBI3BIBAIOIIMX €TI0 CHJI, U COCTaBJSAIONIMNA YacTh OOINECH HAyKH O
JBUKCHUH - MEXaHUKH.

[lenb ee COCTOWT B M3YyYEHUU FEOMETPHUCCKUX CBOMCTB JBMIKECHUS, CKOPOCTEH
U YCKOPCHHM: JUIA JIOCTMXKCHHS ITOW IIEJIH IOJB3YIOTCS aHAJIW30M M TeOMETPHCH.
KuHemaTHKy Ha3bIBalOT TEOMETPHUCH YETHIPEX U3MEPCHUH, TaK KaK OHA UMEET JIEJI0 C
TpeMsi KOOpJIMHATaMHU TMPOCTPAHCTBA H €IIE C YETBEPTHIM IEPEMEHHBIM,
MPEACTABISAIOMIMM  co00if  Bpems.  CKOpPOCTH  MPEICTABISAIOTCS — IEPBBIMHU
MIPOU3BOJIHBIMU OT KOOPAMHATHI IO BPEMEHHU, YCKOPCHUE - BTOPBIMH MTPOU3BOIHBIMH
U elle, KpoMe TOr0, pacCMAaTPUBAIOTCS MPOU3BOJIHBIC OT KOOPAMHAT IO BPEMEHU
BBICIIMX  TIOPSAJIKOB, Ha3bIBaGMbIC YCKOPCHHMSIMH  BBICIIUX  mopsakoB. C
AQHAIMTHYECKOW TOYKM 3pPCHUSA, BCS KHHEMaTHKa CBOAMUTCS K HU3YUYCHUIO

COOTHOH_ICHI/II\/'I, CyYmCCTBYIOIIUX MCKAY 3THMHU BCINYMHAMU. B MMOCJICAHECC BpPCM
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MOABWJIIOCH CTPEMJICHUC K €C M3YUCHHUIO YHNCTO TCOMCTPHYCCKHMU crocooamMu [10,

http://en.wikipedia.org/wiki/Kinematics].

2.7 Texts Dynamics

2.7.1 Before reading the text answer the question: What do you know
about three laws of motion? Now read it and say: what new facts have you

learnt?

Laws of Motion

Thus far we have studied the laws of motion, without asking, “What is it that
causes a body to move?” We know that a force is needed in order to change the
motion of a body, that is, in order to accelerate it or decelerate it, or to change its
direction. In the absence of a force, a body will either remain at rest, or continue to
move with constant speed in a straight line. These conclusions are summed up in
three statements known as laws of motion.

The First Law. — The statement of the first law of motion is as follows: A
body at rest remains at rest and a body in motion remains in motion at a constant
speed in a straight line, unless acted upon by an external force.

Thus the first law involves the idea of motion and the idea of force. It explains
what is to be understood by force: it is that which tends to change the state of rest of a
body, or of uniform motion in a straight line. The first law, however, tells us more
than this. It tells us that if a body is kept free from the action of forces, it will remain
in its state of rest or of uniform motion in a straight line. Thus the normal state for a
body to be in is one of rest or of uniform motion in a straight line, 1. e. motion with
uniform velocity; it is only the presence of force which can alter this normal state.
The property by virtue of which a body tends to remain in either of the natural states,

and to resist being accelerated, is called inertia. In this sense, inertia is an absolute
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quality possessed in equal degree by all bodies, because all bodies are completely
inert.

The Second Law. — The second law deals with the change in motion of a
body when force is applied to it.

This law is stated as follows:

Rate of change of motion of a body is proportional to the applied force and is
in the direction in which the force acts.

The expression change of motion requires explanation. By motion is here
meant quantity of motion or momentum. It is defined as the product of the velocity
and a quantity called the mass of the body.

Using the word momentum, the second law may also be stated as follows:
Rate of change in momentum of a body is proportional to the applied force and is in
the direction in which the force acts.

The Third Law may be stated as follows.

To every action there is always an equal and opposite reaction. It is a matter
of common observation that a body A4 cannot exert force on a second body B without
B at the same time exerting force on 4. Thus all forces occur in pairs, which may
conveniently be spoken of as action and reaction. The third law of motion tells us that
the two forces which constitute such a pair are equal in magnitude and opposite in
direction.

For example, when we stretch a rubber band, holding one end in each hand,

you must pull as hard with your left hand as you do with your right [2, C. 57 - 58].

2.7.2 Find the main sentences in the text and retell it. You may use

Internet to get supplementary information.

2.7.3 Read the texts about Work and Power, translate them and find one

wrong statement in the list of the main statements below the texts.
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Work

Work is done by a force when the point of application of the force moves so
that the force has a component along the path of the point of application. This
component we call the working component of the force and the length of the path of
the point of application we call the distance through which the force acts. If the
working component is constant, the amount of work done is equal to the product of
the magnitude of the working component and the distance through which the force
acts. When the working component acts in the direction of the motion, the work of
the force is positive; when the working component acts oppositely to the direction of
motion, the work of the force is negative. Forces which do positive work are
sometimes called efforts; those which do negative work, resistances.

We denote work by W.

Since it is the product of two scalar quantities, work is a scalar quantity. It can
be expressed in any units of force and distance.

In the discussion above we have spoken of work as being done by a force but,
since the force which does work must be exerted by some body on some other body,
it 1s also correct to say that the work is done by one body on the other body. Thus a
spring does the work of closing a door and the work is done on the door, etc. The
amount of work done in any given case is usually determined by separately
calculating the work done by each of the forces that act, and so we usually speak of
the work done by a force rather than of the work done by a body.

Gravitational Units of Work. — Since work is measured by the product of
the force times the distance through which it acts, in order to measure work it is
necessary to measure two quantities — force and distance. In the English system, the
force is measured in terms of a unit of force that is equal to the pull of gravity of a
mass of 1 Ib, and the distance is measured in feet. In this system the unit of work is
called the foot-pound.

One foot-pound of work is defined as the work that is done when a force

equal to the weight of 1 Ib acts through a distance of 1 ft.
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For example, 1 ft-Ib of work is done when a mass of 1 Ib is raised a distance
of 1 ft at constant speed against the action of gravity.

In the metric system the unit of work may be chosen as the gram-centimeter
or kilogram-meter.

One gram-centimeter of work is defined as the amount of work that is done
when a force equal to the weight of 1 g acts through a distance of 1 cm, and the
kilogram-meter is defined as the work which is done when a force equal to the weight
of 1 kg acts through a distance of 1 m.

The gram-centimeter is the amount of work done when a mass of 1 g is lifted
a vertical distance of 1 cm at constant speed against the action of gravity.

The Erg. — The gravitational units of work, like the gravitational units of
force which enter into them, depend on the place on the surface of the earth at which
they are used. For this reason an absolute unit of work, the erg, is frequently used. An
erg of work is the work done when a force of 1 dyne acts through a distance of 1 cm.
Since the weight of 1 g is equivalent to 980 dynes, a gram-centimeter of work is
equivalent to 980 ergs; i. e., when a mass of 1 g is lifted a distance of 1 cm against the

force of gravity, 980 ergs of work are done [2, C. 58 - 60].

Power

In defining work as the force multiplied by the distance through which it acts,
it is to be observed that the element of time does not enter. The same work is done in
lifting a mass of 300 Ib a distance of 100 ft whether the work is done in a day or in a
minute. The same work is done whether the mass is carried in a single load or in two
or more loads. The amount of work done is measured by the end result, and it does
not in any way depend upon the time to do the work. In the consideration of a
machine it is necessary to know more than the total amount of work that the machine
can do. It is desirable to know the rate at which the machine works. The time rate of
doing work is called power. Hence

Power = work : time = force x distance : time = F' x s : ¢ = work, per unit of

time
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Sinces . t=v
Power = force x velocity = Fv
Horsepower. — The English unit of power is called the horsepower. A
horsepower denotes the ability of a machine to do 33,000 ft-Ib of work in 1 min or

550 ft-Ib in 1 sec [2, C. 60 - 61].

Main statements:

1. Working component is such a constituent of force and its direction
determines whether the work of the force is positive or negative.

2. Work is a vector quantity and can be expressed in the units of force and
distance.

3. In the English system they designate the unit of work as the foot-pound,
while in the metric system it can be named as the gram-centimeter.

4. The erg is an absolute unit of work.

5. To find the machine amount of work we should know the rate of its doing
work.

6. Horsepower is the English unit for the time rate of doing work.

2.7.4 Look through texts 2.7.1, 2.7.3 and find the English equivalents for

the following Russian phrases and word-combinations:

3aKOH (OPMYJIUPYETCS CIEAYIOIUM 00pa3oM; OOBIYHO HaOII0IaeTC;
JCCATUYHAS CHUCTEeMa MeEp; CHJa U3MEpsSIeTCs Ha OCHOBE (B CAMHMIAX);
IPaBUTAIIMOHHAS €IUHUIIA pPa0OThI, KOHEUHBIM pe3yibTaT; JCHCTBYET B OJIHOM
HaIpPaBJICHHHU C JABWIKCHUEM; JKEJATSIBbHO 3HATh, aOCOJIIOTHAS €IWHUIA DPAOOTHI;

IMPOU3BCACHUC CUJIbI YMHO)KCHHOﬁ Ha PaCCTOAHUC.

2.7.5 Read the article about Energy, translate it and give the definitions

to energy, potential energy and Kkinetic energy. Explain how to measure the
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kinetic energy and how to measure the potential energy. When should we use

Newton’s second law of motion? State the law of the conservation of energy.

Energy

Definitions. — When the state or condition of a body is such that it can do
work, the body is said to possess energy. It is customary to distinguish several kinds
of energy. Thus a body may have kinetic energy by virtue of its motion, potential
energy by virtue of its position in a field of force or by virtue of its state of internal
stress, thermal energy by virtue of its temperature, chemical energy by virtue of its
chemical composition. The amount of energy, of any given kind, that a body
possesses at a given instant is the amount of positive work the body can do in
changing from the condition it is in at that instant to some other condition taken as
standard. Thus we may reckon the kinetic energy of a rotating flywheel to be the
work the flywheel can do in coming to rest relative to the earth, and the potential
energy of a stretched spring to be the work the spring can do in contracting to its
normal length.

Energy is measured in the same units as work and, like work, is a scalar
quantity.

Potential energy is the energy a body possesses by virtue of its position or
configuration relative to some standard position, or configuration, and is measured by
the amount of work required to get it into its position, or configuration, or by the
amount of work it can perform in returning to its original position, or configuration,
with neglect or omission of any dissipated work.

Kinetic energy is the energy a body possesses by virtue of its velocity
relative to a reference frame and is measured by the work done upon it to get it into
its present motion, or numerically by the work that must be performed upon it to
bring it to rest, or, finally, by the work it can do in being brought to rest, with neglect
or omission of dissipated work.

In the definitions for potential and kinetic energy there is a catch that should

be pointed out. Suppose a block rests upon an inclined plane. Its potential energy is
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usually expressed as Mgh, and if the block returns to the foot of the plane, it might be
supposed that the block would perform an amount of work Mgh. But this need not be
the case. Suppose that the block slides down the plane at an indefinitely slow speed
under the action of its weight, the normal traction of the plane, and the tangential
reaction of the plane. It is clear that the tangential reaction of the plane does work
upon the block to the extent of - Mgh but the block does no work at all.

Similarly a compressed spring could be released to its natural length without
its performing any work. It is for this reason that the definition reads with neglect of
dissipated work. Thus it could be supposed that the block would slide frictionlessly
down the plane and then compress a spring at the foot of the plane and, if the process
were entirely frictionless, the work performed upon the spring would be equal to
Mgh.

With regard to kinetic energy, consider the following. The reference is a
heavy vehicle, such as a truck, and the body is a light automobile. Suppose that the
truck is at rest and that the automobile has a speed of 30 mi/hr down the road. The
energy of the automobile is the work done upon it to get it under way, with neglect of
dissipated work, and is of course 1/2 mv*. Its kinetic energy relative to the truck may
be destroyed in two ways: (1) stop the automobile or (2) speed up the truck to 30
mi/hr. But the works (not including frictional work) required to do these are by no
means equal, in fact they are 1/2 mv* and 1/2 My,

The definition, therefore, must speak specifically of the work performed by
the body or upon the body.

How to Measure the Potential Energy. — The measure of the potential
energy which a lifted body, such as a pile driver, has because of its position is equal
to the work which has been spent in lifting the body. If the height in feet through
which the body has been lifted is # and its weight in pounds is P, then the potential
energy of the lifted body is

Potential energy = Ph ft.-1bs.
How to Measure the Kinetic Energy. — To find the kinetic energy which a

body possesses by virtue of its motion, consider the work which must be done on it in
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order to give it a certain speed. When the body is stopped, it will give up an amount
of energy that is equal to the work done in starting it. By definition, this latter is its
kinetic energy.

From Newton's second law of motion, the force necessary to make a body
move with an acceleration a is

F=Ma

where force is in dynes or poundals, mass in grams or pounds and

acceleration in centimeters per second per second or feet per second per second.

Let s (Fig. 20) be the distance in centimeters or feet through which the body

moves.
B £,
Hf "I? HE: MTF.
V={ V=af
[T}t [F—r
s=%aot?

Figure 20 - Kinetic energy equals the work to
produce the change of velocity = Mv?*/2

Then the work done on the body in this distance is
Work = Fs = Mas ergs or foot-poundals.
If the body starts from rest, its velocity in centimeters per second or feet per
second at the end of 7 sec is
v =ot
where a is the acceleration in centimeters per second per second or in feet per
second per second. The space passed over is equal to the average velocity times the

time. Hence

O+v
t="%vt

S:

and since v = at and ¢ = v/a, we have by substitution
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S:
200
v =2 as,
V2
as: —
2

Substituting this value of as in the expression for the work done on the body

Myv?
Work = Fs =

ergs or foot-poundals.

This expression gives the work necessary to cause a mass M to acquire a
velocity v. This work does not depend on the distance covered or on the acceleration.
It is determined solely by the mass of the body and its speed. If a retarding force is
applied to this body so that it is brought to rest, the moving body will do work against
this retarding force. When the body has come to rest, the amount of work that has
been done will be just equal to the work done in starting the body. According to the
law of conservation of energy, the energy spent in starting the body must be just

equal to that derived from the body when it is stopped. Hence

o Mv?,
Kinetic energy =

ergs or foot-poundals.

If the body has an initial velocity # and an initial kinetic energy 2 Mu?, the
gain in kinetic energy is the work done on the body by the accelerating force.

Conservation of Energy. — Energy is defined as the ability to do work. It
occurs in many forms. The work required to stretch a spring is stored up as energy in
the spring. The work necessary to compress a gas may be stored up as heat in the gas.
The study of the various forms in which energy may occur and of the transformation
of one kind of energy into another has led to the statement of a very important
principle known as the conservation of energy. This principle may be stated as

follows: In any body, or system of bodies, which is not receiving or giving up energy,
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the total amount of energy is unchanged. This principle states that energy can never
be created or destroyed. It can be transformed from one form into another, but the
total amount in the end is unchanged. For example, a bullet leaves the muzzle of the
gun with kinetic energy that it received because of the work done on it by the
expanding gases. As it passes through the air, it loses some of this kinetic energy
because of the heat developed by the friction in the air. When it strikes the target,
sound waves are sent out that carry away some of the energy. There may also be a
flash of light, which uses up some energy. Heat will be developed in the target, and
fragments of the bullet may carry away some of the energy. If all these energies are
added together, they will be found to be just equal to the energy with which the bullet
left the muzzle of the gun.

Prior to the modern views concerning matter and energy, it was customary to
make a similar statement concerning the conservation of matter. Now matter is
regarded as a form of energy. It can be transformed into energy and conversely
energy can be transformed into matter. When the sun emits radiation, its mass
decreases because of the decrease of energy due to radiation. The law of conservation
of energy must therefore be extended to include transformations of both mass and
energy. Experiments in nuclear physics have established the validity of this principle.
Hence, the principle of the conservation of energy and the principle of the
conservation of matter combine to form a single principle requiring the conservation
of both matter and energy. The proportionality between mass and energy derived
from the principle of relativity is given by the equation

E=c’m

where E is the energy in ergs; m is the change of mass in grams; c is the

velocity of light in centimeters per second that equals 3x10'° cm per sec [2, C. 60 -

64].

2.7.6 Look through text 2.7.5 and find the English equivalents for the

following Russian phrases and word-combinations:
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HO 9TO HE 00sA3aTeJIBHO TaK; B CHJIY C€ro IIOJIOKCHUS, B CUJIIY €TI0 IABHIKXCHUI,
HHUKOUM 06pa30M; YTOOBI MMPpUBCCTHU CI'0 B IBUIKCHUC, HpeHe6peraﬂ Kakou OBl TO HU
OBLI0 HOTCpHHHOﬁ pa60T0ﬁ; YTO KacaeTcsl KMHETHYCCKOM OHCpPrun, c€CTb OIHO
00CTOSITENILCTBO (I/IJII/I OAHNH MOMCHT), KOTOPOC CICAYCT OTMCTUTH; HA CaMOM JCJIC; N0

COBPCMCHHBIX HpeHCTaBHCHHﬁ; BCJICACTBUC HU3JTYUCHU.

2.7.7 Look through the text once again and summarize it. Can you
remember any scientists interested in the phenomena of energy? Find
supplementary information about them from Section I and prepare the
presentation of your report on “Energy” (use a projector in the multimedia

class). You may use Internet to add some information.

2.7.8 Read the text, translate and answer what sentences below it are true

and what are false.

Friction

Nature of Friction. — When a heavy block of wood is pushed along the top
of a table, a certain resistance is encountered. By making the surface of the table and
the surface of the block very smooth, the amount of this resistance can be much
decreased. No matter what the nature of the surfaces that are moving over each other,
there 1s always some resistance, or opposition, to the motion. This resistance, the
amount of which depends in part on the characteristics of the rubbing surfaces, is
called friction. It always opposes the motion, whatever its direction. It never tends to
push the body either forward or backward. It merely tends to stop the motion or to
make it more difficult to move the body. It is more difficult to start the body than it is
to keep it in uniform motion when once started. There are for this reason two kinds of
friction, kinetic friction and static friction. The former is the force to keep the body
moving with uniform speed. The latter is the force to start the body from rest. Kinetic

friction is less than static friction.
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Sliding friction means the force of opposition offered to the sliding of one
surface over another. The force is due to the minute irregularities of one surface
engaging in those of the other. A simple example of the resistance which a body
encounters is when it slides or tends to slide over another.

Friction between two bodies is called static friction if slipping does not occur
and kinetic friction if slipping does occur. The amount or magnitude of static friction
between two bodies depends on the degree of the tendency to slip. Static friction is a
passive force, which comes into action only to prevent a slipping that other forces
tend to cause, and which is, in any given case, only so large as may be necessary to
prevent that slipping. It increases as the tendency to slip increases, having its greatest
value when slipping impends. Likewise, the inclination of the total reaction to the
normal pressure increases as the tendency to slip increases, having its greatest value
when slipping impends.

Limiting friction is a name sometimes given to the friction of impending
slip. We denote it by F, because it is a maximum value. The coefficient of static
friction for two surfaces is the ratio of the limiting friction to the corresponding
normal pressure. We denote it by u, then F,= uN.

The angle of friction for two surfaces is the angle between the directions of
the normal pressure and the total reaction when slipping impends. We denote it by
@; then, since R may be looked on as the resultant of F, and N, tan ¢ = F;/N and so u =
tan ¢.

Laws of Friction. - The laws which determine the amount of friction between
the dry surfaces of solids are as follows:

1. The friction between two sliding surfaces is nearly independent of the
velocity.

2. If the force perpendicular to the surface remains the same, the friction
does not depend on the area of the rubbing surfaces. This statement is only
approximately true.

3. The force of friction is proportional to the total force pressing one

surface against another.
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4. The force of friction is greater at the start than after motion has begun.

Rolling Friction, the opposition offered to the rolling of one body on another,
is in general very much smaller than sliding friction. For this reason the sliding
friction force exerted on a shaft rotating in bearings can be reduced by installing ball
or roller bearings which replace sliding friction by rolling friction. However, the
sliding friction of a well lubricated shaft is already so small that there is no great gain
in efficiency on mounting it in roller bearings. The chief reason for the use of such
bearings in machinery is to reduce wear and to simplify lubrication problems [2, C.

64 - 66].

True or false?

1. We can reduce friction by using table and block with smooth surfaces.

2. There are three types of friction: potential friction, kinetic friction and
static friction.

3. Static friction tends to prevent a slipping.

4. The friction of impending slip is denoted by F;,

5. The force of friction is equal to the total force pressing one surface
against another.

6. The sliding friction force decreases because of the replacing of sliding

friction by rolling friction.

2.7.9 Read the text and answer the questions: Why does every machine
waste energy? What is the efficiency of machine? What is the simplest form of
machine? What is the actual mechanical advantage? What is the principle of the

pulley operation? jackscrew operation?

Simple Machines
Efficiency of Machines. — Every machine wastes energy because of friction.
Consequently, the work put into the machine is always more than that obtained from

it. This loss decreases the efficiency of the machine. The efficiency of a machine is
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defined to be the ratio of the work done by the machine to the work done on the

machine. It is therefore the output of the machine divided by the input.

work done output energy
Efficiency = ——— = —_—
energy supplied input energy

Levers. — A lever is a very simple form of machine.

The simplest kind of lever is one in which the arms are of equal length. The
scale beam on a pair of ordinary balances is such a lever. In this case equal forces, or
weights, at the ends of the lever just balance each other. Usually the distances of the
forces from the point at which the lever is supported are not equal, and for
equilibrium in such cases the forces must also be unequal. The larger force, at a
smaller distance from the fulcrum, then has the same tendency to tip the lever as does
the smaller force at a greater distance.

Law of the Lever. — Any lever is balanced when the sum of the moments of
force tending to produce rotation clockwise is equal to the sum of the moments of
force tending to produce rotation counterclockwise. If only one force is applied and
one force overcome, this law may be stated as follows: A lever is balanced when

Weight x weight arm = force x force arm.

This law states that when a lever is balanced under the action of two forces,
the forces applied to the lever are inversely proportional to their distances from the
fulcrum.

Mechanical Advantage. — In all simple machines like levers a certain
advantage is obtained by the use of the machine. This advantage does not consist in
an increase or in a decrease of the work performed by the machine. Neglecting
friction, the work done on the machine must always be the same as the work done by
the machine. This law follows from the law of the conservation of energy. However,
by means of a suitable lever or other machine it is possible to exert a large force by
the application of a small force. The large force will net through a small distance, and
the small force through a large distance, so that the work done in the two cases will

be the same.
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The ratio of the resistance, or the force, overcome to the applied force is
called the actual mechanical advantage. Because of friction the actual mechanical
advantage is always less than the ideal, or theoretical, mechanical advantage.

The Pulley. — A pulley consists of a wheel with a grooved rim, called a
sheave, which is free to move about an axle which is mounted in a frame called a
block. A flexible rope or cord passes over the groove in the rim of the wheel. To the
ends of this rope are applied the weight and the force that overcomes this weight. In
the case of a simple fixed pulley, equal forces or weights applied to the ends of the
rope just balance each other. Neglecting friction, the tension in the rope is
everywhere the same and the mechanical advantage of the pulley is unity. Therefore
there is no advantage in such a pulley except that it is sometimes more convenient to
pull down on the rope than it is to lift the weight directly.

When the pulley is movable and the weight is attached to it, it is evident that
the weight is supported by two parts of the cord. Therefore it is necessary for each
part to exert a pull equal to only one-half of the weight. If the weight is lifted, it
moves only one-half as far as the free end of the cord to which F is applied. By
applying the principle of work to this simple machine, it is seen that if the weight W
1s lifted a ft and the force /' moves b ft, then

Wxa=Fxb,

w b .
— = — =2=the mechanical advantage
F o

The Jackscrew. — When large forces must be exerted, a jackscrew is often
used (Figure 21). The pitch of such a screw is the distance between successive
threads. Let p be the pitch of the screw, W the weight to be lifted, F the force applied
to the lever arm, and r the length of the lever arm. In one complete turn of the screw,
the output is the weight lifted times the distance through which it is lifted.

Wxp
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Lever arm

Figure 21 - The jackscrew combines the principle

of the lever and that of the inclined plane

The input is the force applied times the distance through which it acts.
Fx2nr
By the principle of work
W x p=2nrF,

= —— = the mechanical advantage.

w 2nr
F p

Hence, the mechanical advantage is equal to the circumference traced out by
the end of the lever in one complete revolution divided by the pitch of the screw. The
mechanical advantage may be made large by making the pitch of the screw small or

by making the lever arm long [2, C. 66 - 68].

2.7.10 Look through texts 2.7.8 - 2.7.9 and find the English equivalents
for the following Russian phrases and word-combinations:

HE3aBUCHMO OT XapakTepa MOBEPXHOCTEH; CHiia, KOTOpash BBHIBOJIUT TEJIO U3
COCTOSIHUSI TIOKOS; CHJIa, KOTOpasl 3acTaBlIIE€T TEJO JBUTAaThCS C PaBHOMEPHOM
CKOPOCTBIO; CHJla, KOTOpasi HAUMHAET JEHCTBOBATh; Mepel TeM, KaK JOJDKHO HACTY-
MUTh CKOJBXEHUE, 3aKOH COXPAaHEHUS DHEPruu; BCJICIACTBHE TPECHUS, MOXET

CBOOOJIHO BpaIllaThCsl BOKPYT OCH; B OJIMH TOJIHBIA 000OpPOT BUHTA.
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2.8 Revision texts 2.7

2.8.1 Match words and word-combinations with their translation:

conclusion

cBacOOHAg MallluHA

chemical composition

MMOJTI00HO, TaK K€

tangential reaction HaKJIOH
erg norTeps
sheave, pulley byto-pyHT

omission

norepsiHHas padota (paccenBaemas)

inclined plane

TOYKa OIMOPHI (pblyara)

unity KacaTelbHas Peakius

to sum up MOZICTAaHOBKA, 3aMEIIICHUC
gun muzzle apr

jackscrew 0opo3nia, BBIEMKa, Ia3

to alter IYJI0 PYKbsI

retarding force

IMMPOITYCK, YITYHICHUC

circumference

POJIMK, IIKWB

dissipated work

TOYKaA IIPUITOKCHUS CUIIBI

inclination

CCTCCTBCHHOC ITPUTAKCHUC

internal stress

IMOBCPXHOCTH TPCHUSA

likewise

3aKJIOUYCHHUC

fulcrum

XUMHYECKUU COCTAB

pile driver

3aMCJAr0OIIas CuJjia, TOpMO3HasA CHUjia

loss HaKJIOHHAS IIOCKOCTD
pitch OKPYXHOCTb
lever MOJICYUTHIBATH

point of application

BHYTPCHHCC HAIIPSIKCHUC

substitution

mar (pe3b0Obl BUHTA)

to reckon

CAUHCTBO, CIINIOYCHHOCTH
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normal traction BUHTOBOW IOMKpaT

groove Bara, pprdar
foot-pound BUJIOU3MEHSATh
rubbing surface PE3IOMUPOBATD, MOABOJAUTH UTOT

2.8.2 Find the sentences with these words and word-combinations in texts

2.7 and translate them.

2.8.3 Prepare the words and word-combinations for a dictation.

2.9 Texts Gases

2.9.1 Read the text, translate it and answer: What is the main distinction

of gases from liquids and solids?

What Gases Are

The behaviour of a gas is easily enough understood if we remember what it is.
A gas is a very scattered assembly of molecules moving as fast as bullets but not
getting very far before they collide with each other. Each molecule has a good big
free space round it: in fact, a molecule of a gas has about a thousand times as much
elbow-room as a molecule of a liquid or a solid. Well, anyone can see that if this is a
true picture of a gas, it must be very light, because it is made up of very few
molecules. Picture a swarm of midges in which each midge was about two inches
from the next and you will have a fair notion of the amount of elbow-room in a gas. It
follows from that a gas will flow very easily, for the molecules will not get in each
other's way, nor will they greatly attract or repel each other. For the latter reason, it
should be easy to compress a gas: a solid or liquid is almost incompressible because
the repulsions of the electrical charges of which its atoms are made up are far

stronger than any forces we can apply. In the case of a gas, the molecules are much
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too far from each other to repel each other. Of course, the idea of a gas as a swarm of
busy molecules is not much more than a hundred years old. Gases are so unlike any
other kind of matter that many centuries elapsed before people made up their minds
that they were matter at all.

One of the reasons why people before the eighteenth century knew hardly
anything about gases was that they are difficult to handle. You can put a solid in a
basket or a basin, you can pour a liquid into a jug, but a gas has to be handled in a
special way. Suppose you have a bottle full of it. As soon as you uncork it, the gas

molecules begin to spread into the air and the air molecules into the gas [2, C. 69].

2.9.2 Have you ever bought gases? Are you sure? Read the text, translate

it and, however, say what gases you happened to buy and for what purposes.

The Ways of Storing Gases

On the industrial scale, there are three favourite ways of storing gases. First,
they are stored in gasometers over water, or under a sliding piston or diaphragm.

Secondly, gases are stored in cylinders under pressures as high as 1,800 Ibs.
per square inch. This squeezes a lot of gas into a little space.

Thirdly, some gases can be made into liquids by compressing them, and these
are sold in strong glass syphons or iron cylinders. When the valve at the top of the
syphon is opened, the liquid evaporates and the gas rushes out. One gas, acetylene,
explodes when it is strongly compressed, so it is dissolved under moderate pressure
in a liquid called acetone, just as carbon dioxide is dissolved under pressure in water
to make soda-water. When the cylinder of acetylene dissolved in acetone is opened,
the acetylene comes bubbling out like the carbon dioxide from soda-water. To
prevent the acetone from being spilt, it is soaked up in porous material.

The selling of gas is now a big industry, and at least eighteen different kinds
can be bought.

The great chemical works usually make their gases and use them on the spot.

Oxygen is sold to engineers for welding with the oxyacetylene blowpipe, and to
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doctors for sustaining pneumonia patients. Nitrogen, which does not burn, is sold for
filling electric lamps and some other purposes. Hydrogen is sold for filling balloons
and for various chemical purposes. Chlorine — the green poison-gas — is sold for
bleaching and for making various chemicals. Carbon dioxide is sold in cylinders for
making fizzy drinks and soda-water, which are simply still drinks or water into which
this gas has been forced under pressure. Ethylene and ethyl chloride are used as
anaesthetics. Acetylene is used for lighting. Liquefied ammonia (not the solution in
water you buy at the chemist’s) is used for refrigerators, and so is liquefied sulphur
dioxide. Argon — obtained from air — is sold for filling electric light bulbs, and
neon, a gas of which the air contains only one part in 55,000, is extracted from it and
is used to fill those brilliant neon tubes which make the modern street so gay at night.
So there are at least thirteen familiar gases you can buy, packed in cylinders or
“siphons™.

One more gas is familiar to us all, the coal-gas, which is supplied to houses.
This is a mixture of half-a-dozen gases. It is mostly hydrogen and methane — the gas
which causes explosions in coal mines — but it also contains the poisonous carbon

monoxide and small amounts of several other gases [2, C. 69 - 70].

2.9.3 Read the text, translate it and answer: What unique features

distinguish gases?

Compressed and Liquefied Gases
Nearly all the machines or inventions that employ air use it for its
compressibility. Pneumatic tyres, air-guns, pneumatic drills, chisels and riveters all
make use of the fact that pressure makes air contract and that when the pressure is

released, it expands once more. Air behaves like a perfect spring.
Air and all other gases are very compressible and if the pressures are not too
enormous they are all equally compressible. It may seem odd that gases as different
as oxygen, hydrogen, chlorine, and steam are all equally compressible, but the reason

1s not difficult to understand.
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It follows first from the fact that all molecules have the same average energy
at any given temperature; in other words, any molecule, at, say, 10 °C, whether of
oxygen or hydrogen or chlorine, on the average hits just as hard as any other. The
light swift molecules of hydrogen on an average hit just as hard as the slow heavy
ones of chlorine. Secondly, it follows from the interesting fact that the same volume
of any gas contains the same number of molecules. In actual fact, a gallon of oxygen,
hydrogen or any  other  gas at 0 °C contains 1.23x10
(123,000,000,000,000,000,000,000) molecules.

Very well, then, every gas contains (under the same conditions) just as many
molecules as any other and every kind of molecule on the average hits just as hard as
every other kind, and it is the blow of these molecules that are the pressure of a gas

[2,C.70-71].

2.9.4 Look through texts 2.9.1 - 2.9.3 and find the English equivalents for
the following Russian phrases and word-combinations:

COBOKYIHOCTh OYE€Hb PACCESIHHBIX MOJIEKYJI; B ThICA4y pa3 Ooiblie
IPOCTOpa, Ye€M MOJIEKYJa >KUJIKOCTH; 3TO CIEIyeT W3 TOro, 4TO; MO TMOCJIEIHEH
MPUYMHE; JIOAU MPULIUIM K MOHUMAHUIO TOTO, YTO; JUISl Pa3IMYHBIX XUMHUYECKHX
Lenel; n300peTeHus, KOTopele paboTaoT (MCMONBb3YIOT) Ha BO3AYXE; 3aCTaBISIOT

BO3AYX CKUMATHCHA, paCIUPACTCA CHOBA, APYT'UMHU CIIOBAMMU.

2.9.5 Read the text, translate it and answer the questions: For what
purposes are gases liquefied? How can we make gases liquefy? What is the

regenerative cooling?

Liquefaction of Gases
Now suppose you put enough pressure on a gas to halve its volume — to
make a pint of it into half a pint. The half-pint has as many molecules in it as the pint

had. There are twice as many molecules in the gas, so it hits twice as many blows on
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a given area as it did when it was a pint. Accordingly, it is thrusting on its container
twice as hard and it has twice the pressure.

If pressure is put upon any gas the molecules are crowded by the pressure
towards each other, and when they get very near to each other they get within the
range of each other's attraction. If the gas is one like carbon dioxide or sulphur
dioxide, the crowded molecules may pull on each other so strongly that they hang
together and the gas becomes a liquid. It is thus possible to turn many gases into
liquids simply by compressing them. Ammonia, carbon dioxide, sulphur dioxide,
chlorine and some other gases can easily be turned into liquid in this way. Any gas in
fact can be turned into a liquid by compressing it — as long as it is not too hot. The
jostling of the molecules, which we call heat, prevents the molecules clinging
together and making a liquid; the attraction of the molecules pulls them together and
causes them to make a liquid.

If there is a strong attraction, as with ammonia or carbon dioxide, pressure
will liquefy the gas even if fairly warm; but gases like oxygen or hydrogen can only
be liquefied by pressure if their molecules are calmed down by a great deal of
cooling. So, if we try to see what happens if we compress a gas to the greatest extent
possible, we find that it starts by halving its volume each time we double the
pressure. Then we begin to find it more than halves its volume when we double the
pressure on account of the molecules attracting each other. Then either the gas
collapses into a liquid, or, if it is too hot to do this, increase of pressure drives the
molecules still nearer and makes the volume smaller. Now the molecules get so close
that they repel each other, and as their outer rings of electrons get nearer the repulsion
between them gets huge and the gas becomes more and more difficult to compress
and finally is incompressible as a liquid or a solid. The liquefying of gases is an
important industry. A gas takes up several hundred times as much room as it does in
the form of a liquid and so if we want to send it by train or ship it, it is best to send it
as a liquid. Chlorine gas — the green-poison-gas — is used for many quite beneficent

purposes such as bleaching, making dyes, medicines, etc. A ton of chlorine as gas
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would have a volume of 422 cubic yards. It would take about forty railway trucks to
hold it.

If chlorine is compressed, it collapses to a greenish liquid, which is run into
closed steel boilers mounted on railway wheels. A ton of chlorine as liquid occupies
only one cubic yard. The chlorine under the pressure of some seven atmospheres (105
Ibs. per 1 square inch) in the boiler remains liquid permanently. If the boiler were to
be smashed up in a railway accident the effects would not be quite as disastrous as
might be expected, for the evaporation of the liquid would cool it intensely and the
gas would be but slowly evolved.

Gases like oxygen and hydrogen will remain liquid only at very low
temperatures ( — 150 °C to — 250 °C) and so it is almost as difficult to keep them
liquid at ordinary temperatures as it would be to keep water liquid if the world were
red-hot! Accordingly, we transport oxygen and hydrogen compressed in cylinders to
120 times the pressure of the air. If the cylinder holds 1 cubic foot, we can accord-
ingly pack 120 cubic feet of gas into it. Higher pressures would be too dangerous.

Regenerative Cooling, — Air, oxygen and such other gases as cannot be
liquefied by simply compressing them at ordinary temperatures are now easily
liquefied on the large scale by what is called “regenerative cooling”.

To liquefy air, we want a temperature of — 185 °C, compared to which the
North Pole is a hot-house. Now cooling is just the slowing up of molecules: to liquefy
air we want to slow up its molecules. How shall we do this? Well, if you want to slow
up a stream of water you can make it push a water-wheel round; if you want to slow a
horse, let it pull a cart; if you want to slow a molecule, let it do some work and so
part with some of its energy. The method finally adopted is this. First compress your
air and let it cool down to room temperature. Then make your cold compressed air
push the piston of an air engine round. The piston is speeded up only by slowing the
molecules down; in other words by cooling them. The air which comes out of the
engine is at about — 50 °C. But this is not nearly cold enough; and this is where the
clever trick comes in — we use this cold air to cool the compressed air before it

reaches the engine. Our next lot of air reaches the cylinder at, say, — 40 °C, and by
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pushing the piston slows down its own molecules and comes out at, say, - 90 °C. This
very cold air cools the incoming air still more, so that ever colder air goes on coming
into the cylinder and air much colder still leaves it, until quite soon — 180 °C is
reached and the air liquefies. Liquid air boils at about — 185 °C, and therefore
boiling liquid air is a very good means for making things extremely cold [2, C. 71 -

73].

2.9.6 Read the text, translate it and choose the right form from brackets.

Expansion of Gases

Just as we can cool a gas by (make, making) it do work, so we can heat it by
(do, doing) work upon it. Suppose, instead of letting the gas push the piston we
(apply, applying) power to the piston and make it push the gas. This speeds up its
molecules and makes it hot. It follows, then, that if we (compress, compressing) a
gas it becomes hotter. The (better, best) example of this is seen in a bicycle pump,
which becomes very (warm, warmest) when a tyre is inflated. Yon might think this
was due to the friction of the piston, but if you try working the pump without a tyre,
you will find it does not heat up (noticeable, noticeably).

The expansion of a compressed gas is used in driving steam-engines, petrol-
engines, hot-air-engines, etc.

Gases expand very (larger, largely) when they are heated. We saw that a
cubic foot of steel expanded by 5 cubic inches when heated from 0 °C to 78 °C, while
a cubic foot of alcohol expanded 150 cubic inches over the same range. A cubic foot
of air when heated from 0 °C to 78 °C expands by no less than 493 cubic inches. An
interesting thing is that all gases expand to exactly the same extent when heated
under the same conditions, which is by no means true for liquid or solids. When a
liquid or solid is heated and expands there are two forces at work. The molecules are
speeded up and so tend to swing in (bigger, biggest) orbits or to get further from each
other. This effect is the same for all solids or liquids. But the attraction of the

molecules opposes this effect; consequently substances whose molecules attract each
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other (strong, strongly) will expand little and vice versa. But the molecules of gases
are too far from each other to attract each other appreciably, so the effect of heating
them is simply to increase the speed and energy of the molecules and make them
bounce off each other (hard, harder) and so fly farther apart. As the same rise of
temperature means the same increase of energy, all gases expand (equal, equally).
The expansion of gases is very large, but it is not very useful for measuring
temperatures because they expand and contract not only when the temperature alters
but also when the air pressure alters. The expansion of a gas is sometimes used to
measure rather high or very (low, lower) temperatures and also for very accurate

work. An air thermometer is rather a difficult affair to handle, and it is used only in

the laboratory [2, C. 73].

2.9.7 Try to explain your choice grammatically.

2.9.8 Read the text. Find the definitions of Brownian motion and specific

heat of a gas. Summarize the text into 8 main sentences.

Kinetic Theory of Gases

Brownian Motions. — The simplest and most direct evidence for the
existence of molecules was first noted by an English botanist by the name of Brown.
With a microscope he observed very fine particles held in suspension in water and
noted that these fine particles are constantly in motion. The smaller the particles the
more freely do they move. The motion of these particles is caused by the incessant
bombardment of the molecules of the water or other liquid in which they are
suspended. This bombardment of the water molecules is not the same on the different
sides of the particles. Hence they are driven hither and thither. An approximate
picture of the behavior of such small particles is obtained by projecting on a screen
the shadows of finely divided glass particles that are set in motion by rapidly boiling

mercury.
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Perrin and others who have made careful studies of these motions have found
that the distribution of these particles, their velocities, and their mean free paths are
precisely what should be expected from the kinetic theory of gases. From these
observations it is possible to determine the number of molecules in 1 cu cm of a gas
under standard conditions. The fact that the number of molecules per cubic
centimeter in a gas as determined in this way is in good agreement with the number
derived from the methods involving the kinetic theory of gases shows that the motion
of these particles obeys the same general laws as the motion of molecules.

Basic Assumptions. — To explain the physical properties of gases, three
basic assumptions are necessary:

1. The molecules of a gas are extremely small, perfectly elastic spheres.
This assumption implies that when molecules of gas collide with other molecules or
with the walls of the containing vessel, the total kinetic energy of the molecules is not
diminished in any way.

2.  The molecules move with changing velocities through the space
occupied by the gas. Between collisions, their paths are straight lines. This
assumption implies that the forces acting on the molecules are negligible except at
collision.

3. The time occupied in a collision between two molecules or in a collision
of a molecule with the wall is small compared with the time between collisions. This
assumption implies that a collision is nearly instantaneous.

Specific Heats of Gases. — The specific heat of a gas depends on whether
the gas is heated at constant volume or at constant pressure. These two specific heats
are known as specific heat at constant pressure and specific heat at constant volume.

Specific Heat at Constant Volume.—When heat is supplied to a gas in
which the volume is kept constant, the pressure increases, and all the energy which is
supplied to the gas is used to increase the kinetic energy of the molecules. There is no
external work done by the gas. When the temperature of 1 g of the gas is raised
through 1°C, the gas will absorb C, units of heat, and this quantity of heat is its

specific heat at constant volume.
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Specific Heat at Constant Pressure. — In heating a gas 1 °C, at constant
pressure the heat required to increase the speed of the molecules will be the same as it
was in case the gas was heated an equal amount at constant volume. In addition to
this heat, it is necessary to supply a certain amount of heat to do external work while
the gas is expanding. For example, if the gas is expanding in a cylinder closed by a
moving piston, the molecules after colliding with the piston will rebound with less
energy than that with which they reached the piston. Additional energy must be
supplied to make up this decrease. Consequently, the specific heat at constant
pressure must exceed the specific heat at constant volume by an amount which is just
equal to the thermal equivalent of the work which is done when unit mass of gas is
heated through 1 °C at constant pressure.

The ratio of the specific heat of a gas at constant pressure C, to the specific

heat at constant volume C, is
G, // =1.41 for air

k= a /=1.66 for mercury vapor [2, C. 74 - 75].

2.9.9 Read the text “Properties of Gases”, translate it and choose the best
ending to the sentences:
a) Study of air properties...
e s of great importance because of its components: oxygen and nitrogen;
e  has the same value for gases study as that of water properties for liquids
study;
b) We can find the weight of the air removed from the sphere...
e Dby using an air pump and the stopcock and counting the difference
between two weights before and after pumping out the air;
e by using an air pump at the temperature of melting ice and counting the
difference between two weights at different temperatures;
c) Due to the compressibility of gases...
e itis not so difficult to change the volume of the air-filled object;

e the volume of the air-filled object increases very little;
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d) According to Boyle's law the volume of the mass of gas ...
e depends on the pressure exerted on it;

e is proportional to the pressure exerted on it.

Properties of Gases

Composition of the Air. - Just as water is the most widely distributed and
most important of liquids, so the air is the most important and intimate of gases. It
consists for the most part of two elements that are mixed together but not chemically
combined. These elements are oxygen and nitrogen. In spite of the fact that there is
no chemical union between them, the composition of the air is extraordinarily
constant. Up to a height of 7 miles it always contains about 21 parts of oxygen to 79
parts of nitrogen. Besides oxygen and nitrogen, the air contains small parts of other
gases, the most important of which are water vapor and carbon dioxide.

Weight of Air. - To an ordinary observer the air seems to have no weight and
to offer little resistance to bodies moving through it. Yet smoke rises through the air
and small balloons ascend out of sight. This is because the air is denser than the gas
with which the balloon is filled. The heavier air crowds the lighter gas upward as a
piece of wood is forced to the surface of the water because it is lighter than water.

If a hollow glass sphere provided with a stopcock is weighed when the
stopcock is open and then connected to an air pump by which as much of the air as
possible is removed from the sphere, and if now the stopcock is closed and the sphere
weighed a second time, it is found that the second weight is less than the first. The
difference between these two weights is the weight of the air removed from the
sphere. If the volume of the sphere is known and if it is almost completely exhausted,
a fair approximation to the density of the air can be obtained by this method. A liter
(1,000 cu. cm.) of air at the temperature of melting ice and under standard conditions
of pressure weighs 1.293 g.

Compressibility of Gases. - If an attempt is made to decrease the volume of a
liquid by the application of pressure, it i1s found that it is necessary to apply an

enormous pressure in order to get appreciable changes in volume. The behavior of
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gases in this respect is quite different. It is easy to compress the body of air so that it
occupies only one-third or one-tenth of its original volume. As soon as this pressure
is removed, the air or other gas springs back to its original volume. The tires of
automobiles are ordinarily filled with air. As more and more air is forced into the tire,
the volume of the tire increases very little; but the air taken from the outside is forced
to occupy much less volume than it originally occupied. As the air is forced into the

tire, the pressure it exerts is more and more increased.

Figure 22 - Boyle’s law: pressure times

volume is constant

Boyle’s Law. Relation between Pressure and Volume of a Gas. - The
relation between the volume of any mass of gas and the pressure exerted by the gas
upon the walls of the containing vessel was investigated by Robert Boyle and is
known as Boyle’s law. This law states that at constant temperature the volume of a
given mass of gas is inversely proportional to the pressure to which it is subjected.
Thus, if V; and P; denote the original volume and pressure and V> and P, denote the
final volume and pressure,

P;V; = P,V, = constant

or for a constant temperature the product of the pressure and the volume is a
constant. By pouring mercury into the open end of the tube (Figure 22), the pressure
on the air in AC is increased and its volume decreased. Since the density is inversely
proportional to the volume, this law states that at constant temperature the density of

a gas 1s proportional to the pressure.
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For high pressures and low temperatures this law is only an approximation.
Gases that can be liquefied by the application of pressure do not obey this law near
the temperature and pressure at which they begin to liquefy [10,
http://en.wikipedia.org/wiki/Gas].

2.9.10 Look through texts 2.9.5 - 2.9.9 and find the English equivalents
for the following Russian phrases and word-combinations:

OKa3bIBAa€T /IaBJICHME HA CBOM KOHTEWHep B JBa pa3a cuiibHee; oOpamiaTh
MHOTHE Ta3bl B KUIKOCTH; CKHUMAaTh Tra3 JO0 MaKCHMAJIbHO BO3MOXKHOTO TpEea;
JIETKO CXKIKAIOTCS IMHPOKO TMPUMEHSEMBIM CIOCOOOM TIOCPENICTBOM; JIPYTHUMU
CJIOBaMU; U BOT TYT-TO WM 3aKJIFOYAETCS BCS XUTPOCTh; KOT/Ia HArpeBaloTCs B TEX JKE
CaMbIX YCIIOBHSX; IIOJHOCTBIO COOTBETCTBYET; HaubOoJiee BaXHBI W  XOPOIIO
W3BECTHBIN; HE CMOTPS Ha (DAKT, YTO; BIUIOTHh J0; MOJHUMAIOTCS, TEPSSCh U3 BUIY;
KaK TOJIbKO 2TO JIaBJIEHUWE YCTpaHsETCs; MO0 Mepe TOro, Kak BCE OOJblIe BO3ayXa

HAarueTacTCA B IINHY.

2.9.11 Play a game with your partner, where one person is the examiner
in physics and the other one is examinee, who has to tell him/her all about gasses

(use the information from texts 2.9).

2. 10 Texts Liquids

2.10.1 Read the text, translate it and answer which sentences below are

true and which are false.

Liquids at Rest
Characteristics of Liquids. — The molecules of a liquid at rest are displaced

by the slightest force, and for this reason a liquid has no shape of its own but takes
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the shape of the containing vessel. Hence, liquids yield to a continued application of
force that tends to deform them or to change their shape in any way. They, however,
manifest wide differences in their readiness to yield to distorting forces. Water,
alcohol and ether are very mobile liquids, which yield readily to forces tending to
change their shape. Glycerin is less mobile, and tar is still less so.

There is no sharp line of separation between liquids and solids. In warm
weather, paraffin candles yield under their own weight and bend double. Although
shoemaker’s wax will break readily when cold, it behaves like a very viscous liquid
at higher temperatures. All liquids offer large resistance to forces tending to change
their volume. For example, it requires a pressure of 1,500 Ib per sq in, to cause the

volume of water to change 0.5 per cent.

Figure 23 - Pressure independent of shape of the vessel

Pressure in Vessels of Different Shape.—Where a vessel has vertical sides,
the pressure on the bottom is equal to the height of the liquid times its density. If the
sides of the vessel flare out (Figure 23), might be expected that the force on each
square centimeter of the bottom in case B would be greater than in case 4 because
there is more water in B. The pressure in each case is the same. The extra water above
the slanting sides is held up by the sides and does not press on the bottom. If the area
of the base is the same in case 4 and case B, the total downward force on the base in
the two cases is the same. When the vessel is conical as in case C, the total force on
the base is the same as in the preceding case. The pressure on the area directly under
the top is the same as in the other cases. The slanting walls press down with a force

which, when added to the weight of the liquid, makes the force on each square
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centimeter of the base in case C equal to the force on each square centimeter of the
base in case 4 or in case B.

Liquids in Communicating Vessels. — It is a matter of common experience
that liquids seek their own level in communicating vessels. If tubes of various sizes
are connected, liquid poured into one of these tubes will come to the same level in all
the tubes. This result is to be expected from the fact that the pressure in a liquid
depends on the depth below free surface. If points in the interior of the liquid are at
the same level, the pressure at these points must be the same, or the liquid would flow

from one point to another until the pressure was equalized.

Figure 24 - Density of nonmiscible liquids by balanced columns

Liquids in Communicating Tubes. — Let two liquids that do not react
chemically be placed in a bent tube (Figure 24). When the liquids are at rest, the less
dense liquid stands at a height 4; above the junction of the two liquids. The pressure
exerted by this column of lighter liquid is just balanced by the weight of the column
of heavier liquid that stands above the junction of the liquids. Let d; be the density of
the lighter liquid, d, the density of the heavier liquid, /; the height of the lighter
liquid above the junction, and 4, the height of the heavier liquid. Then

h]X dIZhZX dZ’

h; d;
h; d,

Hence, the heights of the two liquids above their surface of separation are

inversely proportional to the densities of the liquids.
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In case the liquids react chemically, the bent tube is inverted and the ends are
placed in cups containing the liquids (Figure 25) whose densities will be denoted by
d; and d,. The air from the upper part of the bent tube is partly removed and the
stopcock closed. The pressure above both liquids inside the tube is the same, and the
atmospheric pressure on the liquids in the open vessels is the same. The difference
between the pressure inside the tube and the atmospheric pressure is in each case
balanced by the rise of the liquid in the tube. These differences in pressure are the
same and

h]X dIZhZX dZ’

h; d;
h; d,

Figure 25 - Densities of miscible liquids.

The heights of the liquids vary inversely as the densities

Example. If one of the beakers in Figure 25 contains sulfuric acid and the
other contains water, and if the height of the column of water is 40 cm when the

height of the column of acid is 30 cm, find the density of the sulfuric acid.

Density of acid height of water
Density of water height ofacid
d, hi 40

d hy 30,
d>=1.33 g per cu cm density of acid
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A Hydraulic Press. - A hydraulic press consists of a strong cylinder (Figure
26) in which works a cylindrical piston C. By means of a small pump D oil is forced

into the large cylinder through a check valve K, which prevents its return.

L - Vatve

i lﬁg
{" 'U’a/yp

Figure 26 - The hydraulic press produces large forces.

Pressure is transmitted uniformly throughout the liquid

In consequence of Pascal’s principle, whatever pressure is communicated to
the liquid by the pump is transmitted undiminished to the walls of the containing
cylinder and the piston C. If the large piston C has 100 times the area of the small
piston D, the force exerted on C will be 100 times that applied to D, and on the
downward stroke of the small piston the large piston C will be moved only one
hundredth the distance through which the small piston moved. If the oil is
incompressible, the work done on the large piston is just equal to that done on the
small piston, i.e., the input of the machine is just equal to the output. In order to
increase the pressure exerted on the piston C still further, the small piston is
ordinarily forced down by means of a lever. Hydraulic presses are used in baling
paper, cotton, etc., in punching holes through steel plates, and extracting oil from
seeds. By means of them, a small force operating through a large distance produces a

large force operating through a small distance [2, C. 77 - 79].

True or false?
1. The shape of the containing vessel depends on the kind of the liquid and
its shape.

2. Liquids always resist changing their volume.
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3. To find the pressure on the bottom of the vessel with vertical sides we
should multiply height of the liquid by its density.

4. The depth below free surface determines the pressure in a liquid.

5. The heights of two liquids above their surface of separation are
proportional to the densities of the liquids.

6. The relation of heights of the liquids in communicating tubes is
proportional to the relation of their densities.

7. The check valve in a hydraulic press is used to pump oil into the large
cylinder.

8. Thanks to the fact that hydraulic presses help to convert a large force into

a small one they are widely used for extracting oil from seeds.

2.10.2 Read the text, translate it and name the main points of the
Archimedes’ Principle. Finish the following statement:

A body immersed in a fluid would displace the fluid of equal ...

Archimedes’ Principle

Buoyancy of Liquids. — It is a matter of common experience that bodies are
lighter in water than they are in air. A fresh egg will sink in pure water but will float
in water to which a considerable quantity of salt has been added. A piece of iron sinks
in water but floats in mercury. This is because the density of the mercury is greater
than that of the iron. When a diver lifts a stone under water and brings it to the
surface, he finds that the stone is heavier above the surface. In the case of lighter
bodies, such as wood or cork, this lifting effect may be sufficient to keep parts of the
body above water.

This resultant upward pressure of a liquid on a wholly or partly immersed
body is called buoyancy. It is a force acting vertically upward and counterbalancing
in whole or in part the weight of the body. A body may float (Figure 27) by being

buoyed by more than one liquid at the same time.
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Figure 27 - A sphere floating in two

liquids of different densities

That point through which the force of buoyancy acts is the center of
buoyancy. This point lies at the center of gravity of the displaced liquid. The buoyant
force of all the displaced liquid might be replaced by a single force acting through the

center of buoyancy without altering the behavior of the body.

e
et L__ 4 .
o

Figure 28 - Test of Archimedes’ principle

Suspend from one arm of a balance (Figure 28) a hollow cylindrical cup and a
piece of brass which has been nicely turned in the form of a cylinder so that it will
just fit the cavity inside the cup. Now counterbalance the weight of the cup and
cylinder by adding the necessary weights to another pan of the balance. When a
vessel of water is brought up in such a way that the cylinder C is completely
immersed, it is observed that the side of the balance carrying the cylinder rises,
showing that the water is pushing up on the cylinder. If water is now poured into the
cup until it 1s just filled, the equilibrium of the balance is restored. Since the weight
of a volume of water equal to that displaced by the cylinder is sufficient to
compensate for the lifting effect of the water on the cylinder, it is evident that the

cylinder is lifted up by a force equal to the weight of the displaced water. If the
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experiment is repeated with kerosene or some other liquid instead of water, the same
result will always be obtained. The loss in the weight of the immersed body is equal
to the weight of the volume of liquid displaced by it.

This analysis and the preceding experiment makes it possible to formulate
Archimedes’ principle which states that the loss of weight of a body immersed in a
fluid is equal to the weight of the displaced fluid, or a body immersed in a fluid is
buoyed up by a force equal to the weight of the fluid displaced by it.

Figure 29 Upward forces on the submerged

body equal weight of the displaced liquid

Experimental Demonstration of Archimedes’ Principle. — If a rectangular
block ABCD (Figure 29) is immersed in a vessel of liquid, the pressures on the
vertical sides are equal and in opposite directions. These forces will not therefore
tend to move the block in the liquid. Upon the upper face of the block, there is a
downward force equal to the weight of the column of liquid having this face as a base
and having a height 4. On the lower face, there is an upward force equal to the weight
of a column of liquid which has an area equal to the area of the lower base and a
height H equal to the depth of this face below the surface of the liquid. The upward
force exceeds the downward force by the weight of a column of liquid having a base
equal to the area of the cross section of the block and a height equal to the height of
the block. The volume of this column is just equal to the volume of the liquid
displaced by the immersed block, and the weight of this column is equal to the weight
of the displaced liquid. The same sort of reasoning will hold for a body of any shape
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in any liquid. Hence, a body immersed in a liquid is lighter by the weight of the
volume of liquid that it has displaced.

Density and Specific Gravity. — In order to determine the density of a body,
it is necessary to determine its mass and its volume. The density is then found by
dividing the mass by the volume. The mass of the body is easily determined by
weighing, but it is sometimes difficult to find the volume, especially when the body
has an irregular shape. In such cases, the volume may be determined by an
application of Archimedes’ principle. Since the body displaces a volume of water
equal to its own volume and since each cubic centimeter of water weighs 1 g, the loss
of weight in water is numerically equal to the volume of the immersed body.

The numerical value of the density of a body depends on the units which the
mass and the volume are measured. In the cgs system, the density is the number of
grams per cubic centimeter. In the British system, it is the number of pounds per
cubic foot.

The specific gravity of a body is the ratio of its density to the density of water
at 4 °C. Since in the cgs system a gram is defined to be the weight of a cubic
centimeter of water at 4 °C, the numerical values of the density and the specific
gravity in this system are the same. In the British system, however, they are very
different.

Density of Solids Heavier than Water. — When a body is heavier than an
equal volume of water and is insoluble in water, its volume can be determined by
finding its loss in weight when weighed in water. This loss of weight is equal to the
weight of the water displaced, and if this loss of weight is expressed in grams, it is
numerically equal to the volume of the body in cubic centimeters. By dividing the
mass of the body by this volume, the density is obtained.

Density of Solids Lighter than Water. — If the body is lighter than water
but insoluble, its volume may still be determined by this method by fastening to the
body a sinker large enough to force it below the surface of the water. In this case
(Figure 30), the combined weight of the body and the sinker is first determined when

the sinker is immersed in water and the body is above the surface of the water.
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Figure 30 Densities of floating bodies determined

by weighing them inside and outside a liquid

The body is then also submerged and the combined weight redetermined. The
change in weight is due to the buoyant force of the water on the body and equal to the
weight of the water displaced by the body. It therefore gives the volume of the body
in cubic centimeters. The density is then determined as in the preceding case [8,

http://ieeexplore.ieee.org/Xplore/ Browse/Journals/Education/IEEE Transactions].

2.10.3 Read the text, translate it and answer the questions: For what
purposes is lift pump used and what’s its construction? What’s the force pump
principle of operation? What type of pump is called a single-acting pump and

what is a double-acting one?

Fluids in Motion

Lift Pump. — Water for household or farm purposes is usually lifted out of
moderately deep wells by a lift pump. This pump (Figure 31a) consists of a cylinder
that is connected to a pipe S. The lower end of the pipe S is immersed in the water in
the well. At the bottom of the cylinder there is a valve B that opens upward. A
plunger P which contains a valve 4 opening upward is moved up and down in the
cylinder by means of a pump handle. The valve B in the cylinder prevents any water
above it from passing downward. As the handle is forced downward, the plunger is
raised with the valve A closed. The water above the plunger is thus raised and flows

out of the spout. The upward stroke of the piston reduces the pressure in the space be-
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low the plunger. The reduction of the pressure in this space allows the pressure of the
air on the water in the well to force more water up the pipe S, through the valve B,
into the cylinder. When the piston makes its next downward stroke, the valve B
closes, and the water above the valve is trapped in the cylinder. During the downward
stroke the valve A in the piston opens and the water flows above the piston. The
upward stroke is again repeated and the water flows out of the spout as before. In
order that the pump may operate, the valve B must not be more than 30 ft above the
surface of the water in the well.

Force Pump. — In the force pump (Figure 31b) the suction pipe S with its
valve A is just like this portion of the lift pump. An outlet pipe with a valve B is con-
nected to the lower part of the cylinder. As the piston moves downward, the water in
the cylinder is forced through the valve B into the delivery pipe D. Raising the piston
allows the valve A4 to open and water to be forced through it by the atmospheric
pressure on the water in the well. On the downward stroke of the piston, this valve

closes and the valve in the delivery pipe opens.

1S
Figure 31 a - A lift pump; b - A force pump

In order to obtain a steady stream of water from the pump, an air cushion C is
provided. On the downward stroke of the piston, the air in this chamber is
compressed by the water flowing into it from the delivery pipe. While the piston is
making its upward stroke, the compressed air in this chamber expands and forces

water through the delivery pipe. That results in this way a more or less steady stream
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of water through the delivery pipe. The compressed air in this chamber tends to
prevent the jars and shocks that would accompany the starting and stopping of the
water if it flowed only on the downward stroke of the piston.

Measuring Pumps. — Pumps are often used in measuring the volumes of
liquids, especially in the sale of gasoline. The ordinary piston pump can be used for
this purpose, if means are provided for defining the length of the stroke and ensuring
that each stroke of the piston will discharge the same volume of liquid. This requires
that the valves be tight and the piston close fitting so as to prevent leakage or slippage
of the liquid past the valves or the piston. Such pumps may discharge either on the
upstroke or they may discharge on both the upward and downward strokes. In the
former case, they are said to be single-acting pumps and in the latter case they are

known as double-acting pumps [2, C. 82 - 83].

2.10.4 Look through texts 2.10 and find the English equivalents for the
following Russian phrases and word-combinations:

1.500 ¢pyHTOB Ha KBagpaTHBIN JIOIIM; BBICOTA KMJIKOCTH, YMHOXKCHHAsS Ha €€
MJIOTHOCTh; KaK MOKa3bIBaeT 001asi MpakTuKa (OMbIT); TOCPEACTBOM Majoro Hacoca;
IJIOLIAAb B CTO pa3 OOJIbIIIe TIIOIIAM MAJIOTO MOPILIHS; OJTHA COTask pacCTOSHUS; IS
TOTO, YTOOBI YBEJIIMUUTH AABJICHUE; IEIMKOM WJIM TOJHOCTHIO MOTPYKEHHOE TEJo;
JUISL TOTO, YTOOBI OMPENEIUTh TJIOTHOCTh TEJa; 3aCTaBUTh €ro (TEJI0) OMYCTUThCS
HIDKE; BIUIOTH J0; JJIi TOTO, YTOOBI JOCTUTHYTH IOCTOSIHHOT'O TIOTOKA; TaKUM

06pa30M; B IICPBOM CJIydac, B IIOCJIICAHCM CJIy4dac.

2.11 Revision texts 2.9 - 2.10

2.11.1 Match words and word-combinations with their translation:

subjected 00paTHO MPOMOPIIMOHATIbHBIN
insoluble coyJapeHue, CTOJIKHOBEHUE
elbow-room B3BECH, CYCIICH3US

127



lower face

CXKHNMaTb, CAaBJINBATDH

to bounce off

3aMCTHO, 3HAYHUTCJIBHO

approximation

OCHOBAHHUEC, ITPCAITIOJIOKCHUC

clinging

HaKJIOHHBIC CTOPOHBI

to diminish

OTTAJIKUBAHHC

to exhaust COOOIIAOIINECS COCYIBI

cavity BHEIIHsA paboTa

compressibility CKOJIbXKEHHUE, MPOCKAIb3bIBAHHE

upper face HWDKHSISI TPaHb

suspension OTCKaKWBaTh PUKOIIETOM OT YETO-JIN00

inversely propotional

BIIaAKWHA, I1I0JIOCTH

fizzy drink

CJIMIIaHUC

slanting sides

MPUOIMKEHUE, OKPYTIICHHE

assumption

cBOOO/IHOE MPOCTPAHCTBO

communicating vessels

OTKAa4YMBaTb, CO31aBaTh BAKYYM

repulsion

Y6BIBaTB, YMCHBIIATHCA

external work

Fa3PIp0BaHHBII>i HAIIUTOK

ratio CHIDKATh CKOPOCTh, 3aMEIJISTh
to squeeze HAJ10JITO, TIOCTOSTHHO
noticeably MJ1aBy4YeCcTh

communicating tubes

YBCIIMIUBATHL CKOPOCTb, YCKOPATH

jostling MEH3ypKa, XUMHYECKUN CTaKaH
to yield to yTeuKa, MpocadyrBaHue

flare out BEPXHsIS TPaHb

permanently MOJIBEPTHYTHIN

leakage HEPaCTBOPUMBIHI

buoyancy CKUMAEeMOCTh

diaphragm K03 (PUIIMEHT, COOTHOLIEHUE
slippage pPacxoauThCsl pacTpyooM
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to slow up coobmiaronecs: Tpyoxku

beaker yCTyIaTh

to speed up nuadparma, neperopojika

2.11.2 Find the sentences with these words and word-combinations in

texts 2.9 - 2.10 and translate them.

2.11.3 Prepare the words and word-combinations for a dictation.

2.11.4 Translate from Russian into English.

Kuakoctn

Kuakoctb — OJHO M3 arperaTHbIX COCTOSHMHM BemecTBa. OCHOBHBIM
CBOWMCTBOM JKUAKOCTH, OTJIMYAIOIINM €€ OT APYTUX arperaTHbIX COCTOSHUH, SABISETCS
CIIOCOOHOCTh HEOTPAHUYCHHO MEHSATh (POpMy, MPAKTHUUECKU COXpaHSsl MPU ITOM
00BEM.

Kunkoe cocTtossHUEe OOBIYHO CUUTAIOT MPOMEXKYTOUHBIM MEXAY TBEPIBIM
TEJIOM Y ra30M: T'a3 He coXpaHsieT HU 00bEM, HU opMy, a TBEPIOE TEJIO COXPAHSET U
TO, U JIPYyTOE.

dopma KUIKUX TEJT MOXKET MOJTHOCTHIO UM OTYACTU OMPEAETATHCS TEM, UTO
WX TIOBEPXHOCTh BeAET ce0s Kak ynpyras MmemOpana. Tak, Bojia MOXKET cOOMpPAThCS B
karu. Ho skuakocTh ciocoOHa Teub Ja)e MO CBOSH HEMOABUKHON MOBEPXHOCTHIO,
1 9TO TOXE O3HAaYaeT HecoxpaHeHne GopMbl (BHYTPEHHUX YacCTEH KUKOTO TeJa).

Monekyibl )XKUAKOCTH HE MMEIOT OMPEACIEHHOrO IMOJOXKEHUS, HO B TO XK€
BpeMsl UM HEJOCTYIIHA TOJHas CBOOOAa mepeMmenieHuid. Mexay HUMH CYIEeCTBYET
MIPUTSDKEHKE, T0CTATOYHO CHJIBHOE, YTOOBI yAEPKAaTh UX HAa OJIU3KOM PACCTOSIHUM.

BemiectBo B KHMJKOM COCTOSIHUM CYIIECTBYET B OIPEICIEHHOM HHTEpBAje
TeMIepaTyp, HHUXE KOTOPOrO TNEPEXOIUT B TBEPAOEC COCTOSHUE (TIPOUCXOIUT

KpUCTAJIIIN3alUA 00 MNpCBpallicHUC B TBCPAOTCIIBHOC aMOp(i)HOC COCTOAHHNC —
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CTEKJIO), BBIIIIE — B Trazoo0pa3Hoe (IMPOUCXOAUT HCHapeHue). ['paHuIbl 3TOro
WHTEpBaja 3aBUCST OT JaBIICHUSI.

Kak mpaBmio, BEmIECTBO B JKHJIKOM COCTOSHHM HWMEET TOJBKO OJIHY
Moaudukanuioo. (Hambonee BakHbIC MCKIIOUCHHUS — 3TO KBAaHTOBBIC JKUIKOCTH H
KUJAKUE KpucTauibl.) IlodToMy B OOJBIIMHCTBE CIIy4aeB >KHJIKOCTh SBISETCS HE
TOJILKO arperaTHbIM COCTOSIHUEM, HO M TepMoauHamMudeckon (azon (xuakas dasa).

Bce XHUaKOCTH MPUHATO NETUTh HAa YUCTHIC JKUIKOCTH U cMecu. HekoTopblie
CMECH KHJIKOCTEH MMEIoT OONbIIoe 3HaYeHHWE I KM3HHU: KpOBb, MOpCKas BOAa U
ap. JKHIKOCTH MOTYT BBIMOJTHATE (DYHKIIHIO PACTBOPUTEICH.

OCHOBHBIM CBOMCTBOM JKUIKOCTEH SBISCTCS TEKy4decTh. ECIM K y4acTKy
KHUJIKOCTH, HAXOAIICHCS B PaBHOBECHH, TIPHJIOKHTHh BHEIITHIOK CHITY, TO BO3HHUKAET
MOTOK YAaCTHI] XUAKOCTH B TOM HAaNpaBICHHUH, B KOTOPOM 3Ta CHJa TMPHIIOKCHA:
KUJIKOCTh TEUET.

B ormnuume OT MIacTUYHBIX TBEPIBIX TEN, KHAKOCTh HE HMMEET Ipeiaciia
TEKY4eCTH: IOCTATOYHO MPHJIOKHUTH CKOJIb YTOJHO MaIy0 BHEIIHIOK CHITY, YTOOBI
KHUJIKOCTh TIOTEKJIA.

OmHUM M3 XapaKTEPHBIX CBOWCTB >KUIKOCTH SIBISCTCS TO, YTO OHA HMEET
onpenenéHHplii  00bEM (IIPM  HEWU3MEHHBIX BHEIIHHUX YCJIOBHSX). JKHIKOCTBH
Ype3BbIYAMHO TPYIHO CXKaTh MEXaHHUYECKH, MOCKOJIBKY, B OTJIMYHE OT Ta3a, MEKIY
MOJIEKYJIaMH OYE€Hb MaJlo CBOOOJHOTO MpOCTpaHcTBa. JlaBieHne, TPOU3BOIMMOE Ha
KHUJIKOCTh, 3aKJIIOUYEHHYIO B COCYA, Tepenaércst 0e3 M3MEHEHHS B KaXKIYIO TOUKY
00BEMa ATOM KHUIKOCTH. ITa OCOOCHHOCTH, HAPSAYy C OUYEHb MAJIOW CKUMAEMOCTHIO,
UCITIOJIB3YETCS B THIPABIMYCCKUX MAIlIMHAX.

XKuakocT 0OBIYHO YBEITWYMBAIOT 00BEM (PaCIIMPSIOTCS) IPU HArPEBaHUU U
YMEHBIIAIOT 00BEM (CKUMAIOTCA) TMPH OXJIaXKACHHH. BrpodeM, BcTpedaroTcs H
UCKITIOUCHHUS, HAIpHMEp, BOJA CXKUMAETCS NPH HArpEeBaHHWH, NPH HOPMaIbHOM
nasieHuu u remneparype ot 0 °C no npubnuzutensHo 4 °C.

Kpome Toro, )KuIKOCTH (KaK U Ta3bl) XapaKTEPU3YIOTCS BSI3KOCTHIO.

N3-3a coxpaHeHHsT 00bEMA KUAKOCTH CIIOCOOHA 00pa3oBBIBATH CBOOOIHYIO

ITOBCPXHOCTD. Takas MMOBCPXHOCTH ABJCTCA IMOBCPXHOCTBIO pPaA3JCiia (1)33 JaHHOT' O
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BEIIECTBA: M0 OJHY CTOPOHY HAaXOIWTCS JKHIKas (asza, Mo Jpyryro — ra3000pasHas
(map), ¥, BO3MOKHO, JIpyTye Ta3bl, HAIPUMEp, BO3IYX.

HcnapeHne — TIOCTENEHHBIH TMEpexoJ BEIIeCTBA W3 JKUIKOCTH B
razoobpasnyto (aszy (map).

[Tpu TerIOBOM NBMKCHHH HEKOTOPBIE MOJIEKYIIBI MIOKHIAOT KUIKOCTh Yepe3
e€ TOBEPXHOCTh M TEPEXOAAT B map. Bmecte ¢ TeM, 4acThb MOJIEKYJ IMEPEXOIUT
o0paTHO W3 Mmapa B XHUAKOCTh. ECITU M3 KUIKOCTH YXOJIUT OOJIBIIE MOJICKYJ, YeM
MIPUXOJUT, TO UMEET MECTO UCITapEHUE.

Konpencanus — oOpaTHBI mporiecc, Mepexo BEmecTBa U3 ra3000pa3HoOro
COCTOSIHUS B KUAKOE. IIpr 3TOM B KHJIKOCTH MEPEXOIUT U3 Tapa OObIlIe MOJICKYII,
4eM B TIap W3 JKHUJIKOCTH.

HcnapeHue u KOHICHCAIMS — HEPAaBHOBECHBIE MTPOIIECCHI, OHU MTPOUCXOAAT JI0
TEX IOp, TIOKa HE YCTAaHOBUTCS JIOKAJTHHOE PaBHOBECHE (€CITU YCTAHOBUTCS).

Kunenne — mporecc nmapooOpa3oBaHus BHYTPH KUIKOCTH. [Ipy mocTtaTouHo
BBICOKOW TEMIlepaType JaBJCHUEC Ilapa CTAHOBUTCS BBIINIC JIABJICHUS BHYTPHU
KUJIKOCTH, M TaM HaYWHAIOT 00pa30BbIBATHCS My3BIPHKH Tapa, KOTOPhIC (B YCIOBHSIX

3eMHOTO MPUTSKEHUsI) BCIUIBIBAIOT HaBepx [ 10, http://en.wikipedia.org/wiki/Liquid].

Vocabulary notes:
KBaHTOBBIE KUIKOCTH - quantum liquid;
KUJKUE KpucTasuibl - liquid crystals;

TepMoinHaMuueckas ¢asa - thermodynamic phase;

2.12 Texts Heat

2.12.1 Read the text, translate it and give the definition to heat.

Nature of Heat
Heat has much to do with molecular motion; and from the fact that it is able to

melt ice, vaporize water and cause bodies to expand, we may well suspect that it is at
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least closely related to some form of energy. There are many simple experiments
which may be performed to support this inference:

1. Try rubbing the face of a button or a coin rapidly against a piece of cloth
or wood for a minute or more. It becomes hot.

2. Rapidly bend a rather stiff piece of iron wire back and forth about ten
times and then feel the place where the bending was produced. It becomes very
warm.

3. Give the end of a nail or a piece of lead a dozen blows with a hammer
and then try to detect the heat produced.

These are only a few of the many ways in which heat may be generated at the
expense of the work done by the person who performs the experiment. That is,
energy is given up by the person and heat appears. A moving train or automobile
loses its kinetic energy when the brakes are applied; but an examination of the brakes
and wheels will show that energy has been converted into heat.

On the other hand, heat is constantly used in engines for hauling trains,
running machinery, and performing work in many other ways. Therefore, the

conclusion is that the heat energy is a form of energy [2, C. 84].

2.12.2 Read and translate the text, answer the questions below it.

Heat Is a Form of Energy

The statement that heat is a form of energy raises the question: What form of
energy is heat? In mechanics we classify energy as either kinetic or potential. To
which of these classes does heat belong?

Let us consider some of the ways in which heat is produced from mechanical
energy. The molecules forming a nail are, we believe, in motion. When the head of
the nail is struck by a hammer, the top layers of molecules receive the first impulse
and move with greater speed, that is, their kinetic energy is increased; but, owing to
the frequency of collisions between molecules, the motions are entirely at random,

and the particles dash around in all possible directions. Part of the increase of kinetic
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energy is handed on by impact to the next layers, and so on. Much the same thing
happens when the body is rubbed by another. This suggests that heat is kinetic energy
of the particles of a body.

But we have seen that there are forces between the particles of a body, as
shown by the properties of cohesion, elasticity, etc., and, when work is done against
forces of attraction or repulsion, potential energy is produced. Hence changes in the
potential energy of the particles of a body must accompany changes in their kinetic
energy. Potential might not, it is true, affect the sense of touch in the same way as
kinetic energy would, but, since we cannot separate it from the kinetic energy of the
particles, we must let it go into the same account and consider it as part of what we
call heat. Gases consist of particles which exert such feeble forces on one another,
except at impact, that the potential energy is usually negligible. For this reason we
shall see that gases play a particularly important part in the study of heat.

Let us now consider what we mean by “particles”. We know all bodies to
consist of molecules, and these of atoms, and further that the atoms contain electrons,
and that these are also free electrons temporarily separated from atoms and
molecules. Moreover, in many bodies molecules are probably united in aggregates
forming larger particles. All these various particles receive kinetic and potential
energy when a body is heated, and, without distinguishing between them in any way,
we may say that their total increase of kinetic and potential energy constitutes the
increase of heat.

We must, however, distinguish the motions of a body as a whole, or its
“mass-motions” from the “random motions” of the particles. In the former all the
particles move in the same way (as in translation) or in some regular way (as in
rotation), and, as we have seen, the energy of this motion can be calculated. It is the
energy of the motion of the particles in random directions that constitutes heat. A gas
or liquid flowing at a high speed in a pipe does not possess more heat because of its
mass-motion, though by impact of the particles on the surface of the pipe part of this
motion may be turned into the random motion that constitutes heat. Similarly a

current of electricity in a wire consists of a stream of electrons in the wire, but this
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also does not constitute heat, although it may give rise to heat. For the same reason,
wave motions of the particles in a body do not constitute heat.

With these explanations we may regard heat as the kinetic energy of the
irregular motions of the particles of a body and the potential energy associated with
it.

Note. It should be mentioned that the author of mechanical theory of heat is a
great Russian scientist M.V. Lomonosov.

Before M.V. Lomonosov’s time there existed a so called caloric theory which
is in its essence a reactionary theory of heat. Even more than a century after M. V.
Lomonosov’s death the conception of heat in the form of caloric theory was being
spread everywhere.

Only in the last quarter of the 19th century Lomonosov’s point of view
considering heat as the result of the motion of molecules was revived.

Temperature. - The most familiar temperature is that of the human body.
Objects are said to be warm, hot, cool, or cold compared with this temperature. This
is not a very reliable or accurate standard. Therefore it is necessary to look for some
more accurate method of estimating temperatures. For this purpose at ordinary
temperatures it is customary to use a thermometer, which depends for its operation on
the fact that a liquid like mercury expands when its temperature is increased.

Mercury Thermometer. - The most common type of thermometer for
ordinary use is the mercury-in-glass thermometer. It consists of a small glass bulb to
which is sealed a glass tube with a very small bore. The bulb and part of the tube are
filled with mercury. The residual air above the mercury in the tube is carefully
removed so that the space above the mercury is empty. The glass tube is then sealed
off. In order to use this bulb with its fine tube for a thermometer, it is necessary to
have on the stem a scale divided into equal divisions called degrees.

Fixed Points. - The two fixed points that are ordinarily chosen for a
thermometer are the melting point of ice and the boiling point of water under

atmospheric pressure.
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To determine the first of these fixed points, the bulb of the thermometer is
surrounded with finely divided ice or snow. This melting ice or snow keeps the same
temperature while melting. After the mercury in the bulb has reached the same
temperature as the ice or snow, the height of the mercury in the stem of the
thermometer does not change. The point at which the mercury stands is now taken
and used as one of the fixed points on the thermometer. On the centigrade scale, this
point is called 0, while on the ordinary Fahrenheit scale it is arbitrarily called 32. The
bulb and as much as possible of the stem of the thermometer are now placed in steam
rising from water boiling at standard atmospheric pressure. The mercury expands and
assumes a new position in the stem. This position, which does not change after the
temperature of the thermometer has reached the temperature of the steam, is marked
on the scale and used as a second fixed point for the thermometer. On the centigrade
scale this point is called 100, and on the Fahrenheit scale it is called 212.

Comparison of Centigrade and Fahrenheit Thermometers. - Consider the
thermometer. On one side is a centigrade thermometer and on the other is a
Fahrenheit thermometer. The freezing point on the centigrade scale is 0 °C and that
on the Fahrenheit is taken as 32 °F. The boiling point on the centigrade scale is 100
°C and that on the Fahrenheit is 212 °F. Hence, 100 divisions, or degrees, on the
centigrade scale correspond to 180 on the Fahrenheit scale, and 1 °F on the
Fahrenheit scale equals five ninths of 1 °C on the centigrade.

To change from the Fahrenheit to the centigrade scale, first find how many
degrees above or below the freezing point of water the temperature is on the
Fahrenheit scale, and then take five ninths of this; the result will be the reading on the
centigrade scale. In other words, subtract 32 from the reading on the Fahrenheit scale

and take five ninths of the remainder.
. . 5 . .
Reading on centigrade = . (reading on Fahrenheit) — 32 ° F.

9
Reading on Fahrenheit = I (reading on centigrade) + 32 °C.
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Unit of Heat. - Although heat is a form of energy and may be measured in the
units in which energy is measured, it is convenient to use a unit that is based on the
effect of heat in raising the temperature of a substance. In looking for a substance to
use as a standard, it is natural to choose water because of the ease with which it is
obtained. Since it always takes the same amount of energy to raise the temperature of
1 g of water 15 °C to 16 °C, it is possible to define an arbitrary unit in which to
measure other quantities of heat. Here the choice of the unit is largely a matter of
convenience. In this respect, however, it does not differ from the unit of length or the
unit of mass which is also chosen arbitrarily.

Calorie. - The unit of heat in the cgs system is called calorie. It is defined as
the quantity of heat or energy which is necessary to raise the temperature of 1 g of
water from 15 °C to 16 °C on the centigrade scale. Because of the fact that the heat
required to raise the temperature of 1 g of water 1°C is not the same at all
temperatures, it is necessary to state the temperature at which the calorie is defined.

The British Thermal Unit. - In the English system of units, the unit of heat
is known as the British thermal unit (Btu). It is defined as the quantity of heat
required to raise the temperature of 1 1b of water from 59 °F to 60 °F on the
Fahrenheit scale (Figure 21). This is a much larger unit of heat than the calorie. Here,
as in the case of the calorie it is necessary to state the temperature, for the amount of
heat required to raise 1 Ib of water 1 °F varies with the temperature.

i
7/6 of “

waler

]

g

&

]

I L
i u
S~

59°to 60°F

Figure 32 - One British thermal unit is the
quantity of heat required to raise the

temperature of 1 Ib of water 1°F
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Specific Heat. - So far we have been dealing with a single substance, viz.,
water. The amount of heat required to raise the temperature of 1 g of another
substance 1 °C may be compared with the amount of heat required to raise the
temperature of 1 g of water from 15 °C to 16 °C. Such a comparison gives a
definition of what is called the specific heat of the substance. The specific heat of a
substance is numerically equal to the number of calories required to raise the
temperature of 1 g of the substance 1 °C, or, what amounts to the same thing, the
number of British thermal units required to raise the temperature of 1 Ib of the
substance 1 °F.

Let O denote the quantity of heat added to a mass of M g, let ¢ and ¢’ be the
initial and final temperatures, and let S be the specific heat of the body. Then

O=8SMit—1¢)

Heat of Combustion. - The heat of combustion is the heat liberated by
burning unit mass or unit volume of a fuel, such as coal or gas. To find it, the fuel is
placed in a crucible C inside a bell jar, which is closed so that the products of
combustion cannot escape except through the openings at the base of the jar. The bell
jar is placed inside a vessel, the mass of which is known, and this vessel is then filled
with a known weight of water. The temperature of the water is determined, and then a
supply of oxygen is admitted through the opening at the top of the bell jar until all the
fuel has been burned. The products of combustion bubble up through the water.
When the combustion is complete, the temperature of the water is again observed.

From these data the heat of combustion of the fuel can be found.

. mass of water x temperature change x sp ht
Heat of combustion =

mass of fuel

where sp ht = specific heat

In this expression for the heat of combustion, it is assumed that the water
equivalent of the calorimeter is so small that it can be neglected in comparison with
that of the water in the calorimeter. In case this is not true, the water equivalent of the

calorimeter must be added to that of the water in the calorimeter [2, C. 84 - 88].
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Questions to the text “Heat Is a Form of Energy”:
1. What type of energy is heat: kinetic or potential?
2. Why do gases play an important part in the study of heat?
3. Who was the author of mechanical theory of heat?
4. Regarding what standard is temperature usually estimated?
5. What is the principle of mercury thermometer operation?
6. What 1is the difference between Centigrade and Fahrenheit
Thermometers?
7. What unit is more convenient to measure heat?
8. What is calorie?
9. What is the British thermal unit?
10.What is the specific heat of a substance?

11. How can we find the heat of combustion?

2.12.3 Read the text, translate it and answer which sentences below are

true and which are false.

Fusion

The Melting Point. - If a vessel of ice or snow is heated, the temperature at
first rises until it is 0 °C and then remains stationary until all the ice is melted. After
all the ice has been melted, the temperature of the water begins to rise. That
temperature at which the solid changes into a liquid without a change of temperature
is called the melting point. For ice this temperature is 0 °C or 32 °F. At the melting
point, the addition of heat simply serves to hasten the melting process without any
change of temperature.

If a pail of water is placed in a freezing mixture of ice and snow, the
temperature of the water decreases until ice begins to be formed in the pail. After this
temperature has been reached, the temperature of the water in the pail remains
the same until all the water has become ice. That temperature at which the liquid

changes into the solid state is its freezing point. This temperature is ordinarily the
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same as the temperature at which the solid melts. For crystalline substances, such as
ice or copper, the freezing point or the melting point is sharply defined. For
substances that are not crystalline, such as wax or glass, the substance gradually
softens in passing from the solid to the liquid state. Such substances do not have a
definite melting point. In the cases of certain fats, the melting point is not the same as
the freezing point. For example, butter melts between 28 °C and 32 °C and solidifies
between 20 °C and 23 °C.

Heat of Fusion. - In order to cause a solid like ice to change into a liquid, it is
necessary to supply a given quantity of heat to each gram or each pound of it. The
heat of fusion of a substance is defined to be the number of calories necessary to
convert 1 g at the melting point into liquid at the same temperature. It may also be de-
fined as the number of Btu that must be supplied to change 1 b of the solid to liquid
without a change of temperature. To change 1 g of ice to water at 0 °C requires 80
cal, and to convert 1 Ib of ice to water at 32 °F requires 144 Btu.

Effect of Pressure on the Melting Point. - Since an increase of pressure
tends to cause a body to contract, the melting point of ice, which contracts on
melting, is lowered by the application of pressure. Careful experiments show that this
lowering is 0.0075 °C for an increase of 1 atm of pressure. If, on the other hand, a
substance expands upon melting, its melting point will be raised by the application of
pressure.

The effect of pressure on the melting point of ice may be shown by taking a
piece of ice which is about 1.5 ft long and 6 in. square, and hanging over it a loop of
wire from which a weight of 35 or 40 1b is supported. The pressure of the wire on the
ice lowers the melting point of the ice, so that it is in a condition to melt as soon as
the necessary heat is supplied. In order to melt each gram, it is necessary to supply 80
cal to it. This heat is taken from the water above the wire, causing it to freeze again.
This process continues, until the wire cuts its way through the block of ice, leaving
the block as solid as it was at the beginning of the experiment.

Boiling Point of Water. - Fill a flask half full of water, and insert a

thermometer in one of the holes in the stopper. In the other hole insert a short glass
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tube through which the steam may escape. Heat the flask over a flame until the water
boils. By reading the thermometer from time to time, it will be found that no matter
how rapidly the heat is applied, the temperature does not rise above 100 °C. It will be
noticed that at a certain temperature bubbles forming at the bottom of the flask rise to
the surface, growing in size as they rise. That temperature at which the bubbles begin
to reach the surface of any given liquid is called the boiling point or the boiling
temperature. The boiling point can be defined as the temperature at which the
pressure of the saturated vapor of the liquid is equal to the pressure of the atmosphere
on the surface of the liquid.

Effect of Pressure on the Boiling Point. - Since the boiling point of a liquid
is the temperature at which the vapor pressure of the liquid is the same as the outside
pressure on it, it follows at once that when the outside pressure is changed, the
boiling point will also change. This is easily understood if we recall that ordinarily
the pressure of the atmosphere is 14.7 1b to the square inch. If this pressure is
decreased, it will not be necessary to raise the temperature so high in order to allow
the bubbles to form. When the pressure is raised, it will be necessary to raise the
temperature still higher in order to produce bubbles. The bubbles will form only
when the pressure of the vapor in the bubble is equal to the pressure on the surface of

the liquid.

Figure 33 - The boiling point is lowered by

the reduction of the pressure above the liquid
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The Influence of pressure on the boiling point can be shown by filling a flask
(Figure 33) half full of water and boiling it vigorously for some time to remove the
air from above the water. Insert a rubber stopper in the flask, rendering the flask
airtight. Remove the flask immediately from the flame. Invert the flask, and pour cold
water on the bottom. This cold water will cause some of the vapor in the flask to
condense, and the pressure on the hot water in the flask will be reduced sufficiently to

allow the water to begin boiling again [2, C. 89 - 91].

True or false?

1. Different substances have different melting points.

2. Freezing point is such a temperature that, for example, is required to turn
water into ice.

3. To find the heat of fusion of a substance we should find the number of
calories necessary to convert 1 g at the melting point into solid at the same
temperature.

4. We can change the melting point of a substance with the help of pressure.

5. The pressure of the saturated vapor at boiling point is greater then the
pressure of the atmosphere on the surface of the liquid.

6. The boiling point does not depend on the outside pressure.

2.12.4 Read the text, translate it and give the definitions to convection

and conduction.

Transfer of Heat
Convection. — The simplest way in which heat may be transferred from one
place to another is by the motion of the heated substance. Such a transfer is known as
convection. It is caused by the change in density that takes place when the substance
is heated. For example, when a gas or a liquid is heated, it expands and becomes
lighter than the cold gas or liquid. When water is heated in a vessel on a stove, the

liquid in the bottom of the vessel is hotter than that on the top. The density at the
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bottom is less than that near the top. The cool liquid sinks down and forces the
warmer liquid to a higher level. The currents of water thus set up in the liquid are
known as convection currents.

Conduction. - When a metal rod is held in the fire, the heat travels along the
rod and after a time the rod becomes too hot to hold. In this process the vibrations of
the molecules are handed on from molecule to molecule. The layer of molecules in
contact with the fire is heated first and thus made to vibrate more rapidly. This layer
hands the motion on to the adjacent layer, because each layer is bound to the adjacent
layer by certain cohesive forces. It is thus impossible for the molecules in one layer to
vibrate without setting the molecules in the neighboring layers in vibration. As this
process goes on, the entire medium is heated after a time. When heat, as in this case,
is transferred from one part of the body to another without any progressive motion of
the parts of the substance, the heat is said to be transferred by conduction. The
conductivity differs widely according to the nature of the substance. Steam pipes are

covered to reduce heat losses [2, C. 91].

2.12.5 Read the text Heat and Work, translate it and choose the best
ending to the sentences:
a) By supplying heat to a gasoline engine we transform...
e  heat into a work;
e work into a heat;
b) While transforming heat into work and inversely work into heat...
e an enormous energy can be created;
e  energy remains the same;
c¢) Due to the second law of thermodynamics heat always flows...
e from higher to lower temperatures;
e from higher place to the lower one;
d) The slide valve is used in steam engines....
e  to prevent heating;
e to cut off the supply of steam;
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e) The gasoline engine is.....
e the most sophisticated type of engine;
e the commonest type of engine;
f) The vertical axis and the horizontal axis in the diagram of gas work
represent.....
e  pressure and volume;
e  pressure and temperature;
g) The diagrams representing the work done by a gas expanding at
constant pressure and at variable pressure...
e arec similar;
e do not differ;
h) To find the useful work done in one complete cycle it is required...
e to subtract negative work from the positive work;

e to subtract positive work from the negative work.

Heat and Work

Transformation of Heat into Work. - The heat engines that play such a
large part in modern life depend on the transformation of heat into work. The heated
steam in the cylinder of a steam engine does work in pushing the piston back. This
work is available for driving the machinery connected to the engine. A gasoline
engine can drive an automobile or a tractor only when it is supplied constantly with
heat from the exploding gasoline in the cylinders. In these cases, heat is transformed
into work.

First Law of Thermodynamics. - The first law of thermodynamics is a
special case of the law of conservation of energy. It is implied in the definition of the
mechanical equivalent of heat and may be expressed by the equation

W=JH,

where W = the work measured in work units;

H = heat measured in heat units;

J = the mechanical equivalent of heat.
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More specifically, the law states that when any mechanical change occurs in
an isolated system, the energy of the system remains constant. Heat may be
transformed into work or work into heat, but the total energy of the system remains
unchanged. In other words, the first law of thermodynamics states that in the
transformation of work into other forms of energy or in the transformation of one
form of energy into other forms of energy, no energy is ever created or destroyed.
The energy before and after the transformation is always the same. This law in its
general form can not be proved by experiment but conclusions based on it have
always been confirmed by experiment.

Second Law of Thermodynamics. - The second law of thermodynamics
states the conditions under which heat may be transferred from one body to another.
It is in effect a statement of the fact that heat naturally flows from a place of higher to
one of lower temperature but never in the reverse direction. An analogue may make
the meaning clearer. Water may flow from a higher to a lower level with the per-
formance of work. Heat may flow from a higher to a lower temperature with the
performance of work. To make water flow from a lower to a higher level requires
external work to be done on it. To cause heat to flow from a lower to a higher
temperature also requires the performance of external work. The natural tendency of
heat to flow from a higher to a lower temperature makes it possible for a heat engine
to transform heat into work. On the contrary, a mechanical refrigerating machine
must transfer heat from a colder to a hotter body. Work must be done on such a
machine to make this transfer. The following is one form of statement of the law:

It is impossible for any kind of a machine working in a cycle to transfer heat
from a lower to a higher temperature unless external work is done on it. A similar
statement of the water analogy would be: It is impossible for a pump working in a
cycle to transfer water from a lower to a higher level unless external work is done on
it. The law cannot be proved by direct experiment. It is a generalization based on the
fact that in all human experience no contradictions of the law have been found. It
merely states that heat of itself can flow only from higher to lower temperatures and

no exceptions to this rule are known.
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Steam Engine. — In a steam engine (Figure 34) a closely fitting piston
moves in a cylinder that is connected to the steam chest by means of two pipes, which
are provided with valves, serving alternately as inlet and exhaust for the steam. As
the piston moves forward, steam enters through 4 and the used steam is forced out

through B.
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Figure 34 - Steam engine cylinder and plane slide valve.

A case of transformation of heat into work

When the piston moves in the opposite direction, steam enters the cylinder B
and used steam is forced out at 4. With this simple arrangement, the steam would
leave the cylinder on exhaust at a temperature nearly as high as that at which it
entered it. A considerable quantity of heat would thus be carried to the condenser or
the outside air and lost so far as useful work is concerned. In order to prevent this
waste as far as possible, an automatic cutoff is provided. When the piston has moved
through about one fourth of its stroke, this slide valve automatically cuts off the
supply of steam.

After this cutting off of the steam from the steam chest the steam that has
already entered the cylinder expands and pushes the piston forward, through the
remainder of the stroke. During this expansion, the piston is doing work, the pressure
of the steam is being reduced, and the temperature of the steam is lowered. The heat
contained in the steam is thus converted into useful work.

When the piston has reached the end of this stroke, the slide valve opens 4

and connects B to the steam chest. Live steam is now again admitted to the cylinder
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behind the piston and it pushes the piston toward the left. The dead steam in front of
the piston is forced through 4. When, as before, the piston has made about one fourth
of its stroke, the slide valve closes B, and the steam behind the piston expands until
the piston has reached the end of its stroke. The cycle is then repeated.

The pressure of the steam in the boiler is regulated by means of a pop valve,
which allows the steam to escape when the pressure exceeds a certain value.

Gas Engine. - Gas engines and gasoline engines operate on the same
principle. In each case the energy is derived from the explosion of a mixture of air
and gas or gasoline vapor. The gasoline engine is now the commonest type of engine.
It 1s used to drive motorcars, motorboats, tractors, etc.

Work Done by a Gas Expanding at Constant Pressure. - Let a volume of
gas be enclosed behind a piston which is airtight and which moves without friction.
Let the pressure acting on the piston be denoted by p and the area of the piston by S.
The total force acting on the piston pushing it backward is

F=p§

If, now, the gas in the cylinder is heated, it may be allowed to expand without
any change in its pressure, and the piston moves back through a distance x. Work
done on piston = force X distance =p X S X x

Now § X x = increase of volume of the gas during expansion.

Hence

Work = p X change in volume

It is convenient to represent the work done by the gas by plotting the pressure
of the gas on the vertical axis and the volume of the gas on the horizontal axis. In this
case, the pressure is constant for all volumes. Hence, 4B represents the relation
between the volume and the pressure. If V; denotes the original volume and ¥, the
final volume, the length of the line ab represents the change in volume during
expansion. The product of the change in volume and the pressure is represented by
the rectangle ABba. This area stands for the work done by the gas during its

expansion; and since this work is equal to the heat supplied to the gas during
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expansion, this rectangle also represents the heat taken in by the gas during its
expansion.

Work Done by a Gas Expanding at Variable Pressure. - If the gas expands
under a variable pressure, the work which it performs may be represented by a
diagram similar to that representing the work done by a gas expanding at constant
pressure. In this case the line AB (Figure 35), instead of being horizontal as in the
preceding case, slopes toward the horizontal axis along which the volumes are
plotted. Nevertheless, the area under 4B will represent the work done by the gas as it
expands with changing pressure. It is possible to construct a rectangle having the
same base as the figure ABba and the same area. The height of this rectangle would
be the average pressure of the gas during its expansion. If the varying pressure acting
on the piston has been replaced by a constant pressure equal to the average pressure,
the work done by the gas will remain unchanged. The average pressure may then be
defined as the constant pressure by which a varying pressure may be replaced without

changing the amount of work done on the piston for the same stroke.

Figure 35 - Work done by a gas at variable pressure

equals average pressure times change of volume

Positive and Negative Work. — In the preceding cases the work done on a
piston by the expanding gas was discussed. Such work must be considered positive.
In order to force the dead steam or the burned gases out of the cylinder, the piston on
its return stroke must exert a force and must therefore do work. This is the work done

to return the piston to its initial position ready for a new forward stroke. It represents
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a waste, or loss, that must take place in order to make the working stroke of the piston
possible. To distinguish this work from the work done on the piston by the gases in
the forward stroke, it is called negative. This work done on the gases by the piston
must be subtracted from the work done on the piston by the gases in order to obtain

the useful work done by the piston in one complete cycle [2, C. 93 - 97].

2.12.6 Look through the text and answer the questions: For what purpose

should we know work efficiency? How can we calculate it?

Efficiency

Since heat and work are convertible, the most important thing to know about
any device for this purpose is its efficiency, which gives a measure of the amount of
heat which can be transformed into work under a given set of conditions. The ratio
of the work obtained from the machine to heat put into it is called the efficiency of
the machine. Both the heat and the work must be measured in the same units. In
finding the efficiency of a burner used to heat a kettle of water, it is necessary to find
the amount of gas consumed by the burner and the amount of heat thus developed. It
is next necessary to find the amount of heat that gets into the water in the kettle. The
ratio obtained by dividing the heat that gets into the water by the heat developed by
the burning of the gas is called the efficiency of the burner. The efficiency may be
defined as the fraction which tells what portion of the total heat supplied is used for

the purpose for which it was intended.

heat used

heat supplied [2, C. 97 - 98].

Efficiency =

2.12.7 Read the text, translate it and answer the questions: What type of
energy: potential or kinetic is more widespread? What is a mechanical energy?

What do we call the appliances for energy converting?
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Energy Transformation. Varieties of Energy

There are many sources of energy in the world both potential and kinetic. One
source consists in water falling from high level such as an upland lake. Another
source is wind or moving air. Others are in tides in the sea, also heat from
subterranean sources and lastly coal deposits and oil wells yielding mineral oil. But
all these sources and stores of energy are not equally useful to mankind. Moreover,
some stores of energy such as coal and oil can never be replaced by us when once
used up. On the other hand stores of high level water are continually being replaced
by rain and wind and tides will not, as far as we know, ever cease to exist.

Hence a very important matter is the conversion of energy from one form to
another. The form most required by us is mechanical energy.

We require to rotate shafts in a factory for driving various machines and also
for driving the wheels of vehicles of automobiles or locomotives. The energy of
water power is very unequally distributed. Some countries such as Norway and
Switzerland are rich in it and some such as England are poor.

Appliances for converting energy from one form to another are called
engines. Thus a heat engine is a machine for converting heat into mechanical energy
by the combustion of coal or oil and a water engine (water turbine) can convert the
kinetic energy of falling water into mechanical energy. Another important matter to
all such engines and transformation is the question of their efficiency or the ratio of
the energy delivered in the desired form to that given to the engine in the available
form. Thus, for instance, in the case of a heat engine we give it so much heat by
combustion of coal or oil, and we take from it so much mechanical energy in kinetic
form rotational or motional and the important question is the ratio of the latter to the

former. In most cases it is very small [2, C. 98].

2.12.8 Look through texts 2.12 and find the English equivalents for the
following Russian phrases and word-combinations:
TEIJIOTa TECHO CBS3aHa C MOJIEKYJSPHBIM JBHXKEHUEM; Mbl MOXKEM BIIOJIHE

MMOoAO3pPCBATL, YAAPHLTC II0O KOHOY TI'BO34A MOJIOTKOM pa3 HOCCATb (CJ'IOBO dozen -
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JI0)KMHA B PYCCKOM TMEPEBOJIEC 3aMEHSETCS CIOBOM JIECATOK WM JECATh B TEX
CllydasiX, KOrJla He HMMEeTCS B BHUJY CTPOrO OIpPEIECICHHOE YHCIO); BCIEICTBUE
4acCTOThl CTOJKHOBEHUU MEXKAY MOJICKYJIaMU; JBWKEHHUS COBEPIIECHHO Oecrops-
JIOYHBI; TTOYTH TO K€ CaMO€ CIy4aeTcsi, KOrla; Mbl JOJDKHBI TaKKE€ YUUTBHIBATH €€
(MOTEHIMAIBHYIO SHEPIUi0); HauboJiee NMPUBBIYHAS TeMIIEpaTypa; u3-3a Toro ¢akra,
YTO;, yJAeJIbHAs TEIUIOEMKOCTh (TEIUIOTa) BEIIECTBA; YTOObI HAWTH €€, TOTUIMBO
MOMEIIAeTCs B; HE BaXKHO HACKOJIBKO OBICTPO MOABOAMUTCS TEIUIO; B HUKHEW YacTH
cocyza; Ha JHE; JEHUCTBYET yTBEpXKIAEHUE TOro (hakTa, 4TO TEIUIOTa; HA0OOPOT; AJIs

TOTO, YTOOBI MNpCaoOTBPATHUTD, pa60Ta}0T IO TOMY K€ IIPUHIHUITY.

2.13 Texts Sound

2.13.1 Read the text, translate it and answer the questions: What is the
nature of wave motion? Why do transverse waves have such a name? What

examples of transverse waves can you name?

Wave Motion and Sound

Wave Motion. - One of the most important phenomena in nature is the
transformation of energy from one point to another by wave motion. This kind of
motion is illustrated in many ways. When a stone is dropped into a pool of still water,
the surface of the water is covered with circular wavelets which widen out from the
central point where the stone fell. The water does not really move outward from the
central point, but it rises and then falls again. One can see something alike observing
a floating leaf or piece of wood. It does not move forward but return again to its
former position. Hence, the water, on which the leaf rests, must have the same kind of
upward motion rather than a forward motion.

When one end of a rope is fastened to a rigid wall and the free end moved up
and down rapidly, each jerk travels along the rope, each portion of the rope

communicating the jerk to the next portion. Each particle to the rope imparts its
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upward or downward motion to its neighbours. The jerk moves forward, but the
particles of the rope move only up and down. Motions of this kind are wave motions.
In all these cases it is evident that there is a vibrating center which produces motions
in those portions of the medium immediately in contact with it, and that these
portions impart their motions to the neighbouring portions.

Transverse Waves. - If part of a stretched string is drawn aside, the tension
in the string tends to bring it back to its position of equilibrium. Since the string has
inertia, the force that causes the displacement requires time to produce its full effect
so that a wave can travel along the string with a definite velocity. Waves of this kind
are easily produced in a rope fixed at one end and held in the hand at the other. If the
rope is lightly stretched, a jerk imparted to the end B travels down the rope as a wave.
The more tightly the rope is stretched, the more rapidly the jerk travels down it. If a
series of to-and-fro movements is imparted to the end B a series of waves travels
down the rope. Such waves are known as transverse waves, because the particles of
the medium in which the waves travel move perpendicular to the direction of the
wave motion. They can be easily represented by plotting the displacements on the
vertical axis and the distance from the source in a given direction on the horizontal
axis. Light and other forms of electromagnetic waves are excellent illustrations of

transverse waves [2, C. 99].

2.13.2 Read the text, translate it and find one wrong statement in the list

of the main statements below the text.

Production and Transmission of Sound
Nature of Sound. - The source of sound is always in a state of vibration. As
the vibration dies down, the intensity of the sound diminishes. If a ringing bell is
touched with the fingers, the sound ceases because the vibrations are stopped by the
fingers. When a weight falls to the floor, the weight as well as that part of the floor
which is struck is set in vibration, and sound waves are produced. If a stretched guitar

string is plucked, it gives a musical note owing to the vibrations set up in it. These
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vibrations take place too fast for the eye to follow them, and the string seems to be
drawn out into a ribbon in the middle. In a vibrating tuning fork the prongs
alternately approach and recede from each other. These movements of the prongs can
be felt by touching the prongs with the fingers. They produce compressions and
rarefactions in the surrounding air that travel forward as sound waves.

Velocity of Sound. - The velocity of sound depends on the density and the
elasticity of the medium. The greater the elasticity and the less the density, the greater
is the velocity. The relation between the velocity, the density, and the elasticity of
the medium is expressed by the formula

y =\ elp,

where v = the velocity of sound;

e = the modulus of elasticity of the medium;

p = the density of medium.

The Intensity of Sound. - When sound waves spread out in every direction
from a source of sound, the intensity varies inversely as the square of the distance
from the source. In this case, the sound spread out as spheres. The same amount of
energy is transmitted across every spherical surface having its center at the source of
sound. The larger the surface of these spheres, the smaller the energy that goes
through each square centimeter of surface. The surfaces of these spheres increase as
the squares of their radii. Hence, the energy that passes through unit area decreases as
the squares of the radii increase.

Vibrations of Wires and Strings. - When the center of a stretched string is
displaced and then released, the disturbance is handed on from one element of the
string to the next and a transverse wave is produced. These waves are reflected at the
fixed ends of the string, return to the center of the string where they pass each other,
and go on to the ends where they are again reflected. They combine to form stranding
waves in the string. When the string is plucked in the middle, the whole string
vibrates as one segment. When the string is held lightly at the middle point and
plucked at a point midway between the middle and one end, the string vibrates in two

segments. In a similar way, the string may be made to vibrate in three, four, etc.,
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segments. The frequency of the sound is increased as the number of segments
increases.

If plucked at random, the string may vibrate as a whole and at the same time
be vibrating in segments. The note from the string then consists of the fundamental
together with one or more overtones. In this case, the stationary wave in the string is
the resultant of the fundamental vibration and all the overtones.

Velocity of Transverse Waves in Strings. - The velocity of a transverse
wave along a flexible stretched string is constant for a given tension. Whatever the
nature of the wave, its velocity of propagation is the same so long as the tension is

unchanged [10, http://en.wikipedia.org/wiki/Sound].

Main statements:
1. Sound intensity depends on the vibration frequency of the source.
2. The properties of medium determine the velocity of sound.
3. The larger the distance, the weaker the sound intensity while moving away
from the source.
4. The stranding waves in a string produce the transverse waves.

5. The velocity of transverse wave in a string depends on tension.

2.13.3 Look through texts 2.13 and find the English equivalents for the
following Russian phrases and word-combinations:

yem Oojiee TYro BepeBKa HATsAHYTa, TeM OBICTpEE PBIBOK; TaKXkKe, Kak U Ta
4acTh I110J1a; CKOPOCTh 3BYKa 3aBHCHUT OT IUIOTHOCTH; 4YeM OOJIblIE€ YNpPYyrocTh U
MEHBIIIE IUIOTHOCTh, TEM OOJIbIIE CKOPOCTh; OOPATHO MPONOPLUOHAIBHO KBajapaTy

PaCCTOSIHHUS.
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2.14 Revision texts 2.12 - 2.13

2.14.1 Match words and word-combinations with their translation:

rarefaction TUTEJIb
heat of fusion HACBIIIEHHBIN Tap
generalization MPOU3BOJIbHAS €MHUIIA

dash around

OTCCKAaTh

to force out

OTBOOUTH B CTOPOHY

viz. (videlicet) YCKOPATD

to-and-fro movement 3aTyXarThb

crucible ITOIMOYBCHHBIN, OA36MHBIN
jerk HaJIeJISITh, COOOIIATh
tension 00epToH

saturated vapor

MYaTbCsi, CHOBATh

airtight MIPOTHBOPEYHE

inference KOre3ms, CICIICHUE

hand on HSHEPTUYHO

hasten TEII0Ta MJIaBICHUS

at impact MIPOU3BOJIBHO

overtone TOUKa (TeMIepaTypa) KUIEeHHs

adjacent layer

34CThIBATh, 3aTBECPACBATH

dead (used) steam

pa3peKeHHOCTh

boiling point

MMpOU3BOAUTDL, COCTABJIATH

arbitrary unit

KIIOHUTBCA, UMCTh HAKJIIOH

subterranean HaIpsHKeHUe

to cut off TOUKa (TeMIepaTrypa) 3amep3aHust
elasticity nepenaBaTh

vigorously TO €CTh, @ UMEHHO

to solidify

BBIT'OHATB, BBITCCHATH
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to impart PBIBOK

arbitrarily BO3BPATHO-NOCTYIIATENIBHOE IBUKEHNE
to constitute 0000111eHHE

contradiction oTpabOTaHHbIN Nap

freezing point MPEANOJIOKEHNE, TUIIOTERA,

to die down CMEXHBIN CITIOM

to draw aside BO3/TyXOHEITPOHUIIAEMbIN

cohesion IIPU CIKATUU

to slope yIIPYTOCTh, IMACTUIHOCTh

2.14.2 Find the sentences with these words and word-combinations in

texts 2.12 - 2.13 and translate them.

2.14.3 Prepare the words and word-combinations for a dictation.

2.14.4 Translate from Russian into English.

Konu4ecTBO TEMIOTHI — 3TO HEPTHUsS, KOTOPYIO MOJIYYaeT WIH TEPSCT TEIIO
npu Tertonepenaavye. KonawuecTBO TEIUIOTHI  SABISETCS OJHOH M3 OCHOBHBIX
TEPMOJIMHAMHYCCKMX BEJIMYMH. KOJWYECTBO TEIUIOTHI, IOJTYYEHHOE CHCTEMOM,
3aBHCHUT OT CIoco0a, KOTOPhIM OHa Oblla MpuBeACHA B Tekyilee cocTtosiHue [10,
http://en.wikipedia.org/wiki/Heat].

InaBjieHHe — mepexoi Tejla U3 KPUCTAUIMYECKOT0 TBEPIOTO COCTOSHUS B
xuakoe. [ImaBaeHne MPOUCXOIUT ¢ MOTJIOMICHUEM YACIBHON TEIUIOTHI TUIABJICHU.

CrocoOHOCTh TUTABUTHCS OTHOCHUTCS K (PU3MYECKHM CBOWMCTBAM BEICCTBA.
[Ipy HOpMaIbHOM JaBJICHWW, HAWOOJBIIEH TEMIEPaTypol IUIABICHUS CpPEIH
MeTaioB o0iagaeT Bosibdpam (3422 °C), cpeau TPOCTHIX BEIIECTB BOOOIIE -
yraepon (1mo pa3ubiM ganHbIM 3500 — 4500 °C) a cpeau NpoU3BOJILHBIX BEIIECTB —

kapoun radhuust HfC (3890 °C). MoxHO cuuTaTh, 4YTO CaMOW HU3KON TEMIIepaTypoit
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IJIaBJIEeHUS 00JaJaeT TeJIMil: TPU HOPMAJIBHOM JABJIEHUU OH OCTaETCs KUIAKUM TPH
CKOJIb YTOJHO HU3KUX TEMIIepaTypax.

MHorue BemiecTBa NMpyu HOPMAIBHOM JIaBJICHUW HE UMEIOT KHUIKOU (hasbl.
[Ipu HarpeBaHUM OHU Cpa3y MEPEXOAAT B Ta3000pa3HOE COCTOSTHUE.

VY cmiaBoB, Kak MNpPaBUJIO, HET ONPEACIEHHOW TEMIIEPATyphl IUIABICHUS.
DuUKCUPOBAaHHOW TeMIIepaTyphl IUIABJICHUS HET TaKXke y aMOp(HBIX TeJl; OHHU
MepexXoAsiT B JKUAKOE COCTOSHUE IMOCTENEHHO, pa3MArdyaschb IIpU IOBBIICHUU
temrepatypsl [ 10, http://en.wikipedia.org/wiki/Melting].

3BYK — BOJIHBI, IPOJIOJBHO PACTIPOCTPAHSIONIMECS B CPENIC U CO3MAIOIINE B
HEell MeXaHUYECKHE KOJIcOaHusl.

Kak wu mobass BomHA, 3BYK XapaKTepH3yeTCs aMIUIUTYJOM W YacTOTOM.
CuuTaercs, 4TO YEJIOBEK CIBIIIUT 3BYKH B Auana3zoHe 4actoT oT 16 I'm mo 20 xI'.
3BYK HMXE Juara3oHa CIBIIIMMOCTH YeJIOBEKa Ha3bIBalOT MHGPA3BYKOM, BhIIIE, 110 1
I'Tu, — ynapTpa3zBykom, ot 1 ['T'y — runep3Bykom.

3BYKOBBIE BOJHBI MOTYT CIYXHTh HPHUMEPOM KOJeOaTeIhbHOTO IIpoliecca.
Besikoe konebanue CBs3aHO ¢ HApYIIEHHEM PABHOBECHOTO COCTOSIHUSI CUCTEMBI W
BBIPAXKAECTCSI B OTKJIOHEHHMU €€ XapaKTEPUCTUK OT PABHOBECHBIX 3HaueHuu. [ns
3BYKOBBIX KOJIEOAHUM TaKOW XapaKTEPUCTUKOM SBIISIETCS JaBJIECHUE B TOUKE CPEbI, a
€€ OTKJIOHEHUE — 3BYKOBBIM JIaBJICHUEM.

B kuakux ©W ra3oo0pasHbBIX cpeAax, IJe OTCYTCTBYIOT 3HAUMTENIbHBIC
KoJieOaHUs TUIOTHOCTH, aKyCTUYECKHE BOJTHBI UMEIOT MPOIOJIBHBIN XapaKTep, TO €CTh
HarpaBJieHHE KOJICOAHHUS YaCTHUIl COBIIAIACT C HAIIPABICHUEM MEPEMEIICHUS BOJTHBI.

B TBEpBIX Temax, MOMUMO MPOJOJBHBIX Je(opMaiuii, BO3HUKAIOT TaKXKe
ynpyrue naedopmaiuyd CABUTA, OOYCIOBIWBAIONIME BO30YKICHUE MOMEPEUHBIX
(CABUTOBBIX) BOJIH; B OTOM CJIydae 4YacTUIIBl COBEpIIAIOT  KoJeOaHUs
MEePIEHAUKYIIAPHO HanpaBJICHUIO pacupoCcTpaHeHuUs BOJIHBI. CxopocTb
pacrpoCTpaHeHUsI  MPOJOJBHBIX  BOJH  3HAYUTENbHO  OOJIbIIE  CKOPOCTHU

pacripocTpaneHust caBUroBbix BoiH [ 10, http://en.wikipedia.org/wiki/Sound].
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Vocabulary notes:

kapoua raduus - hafnium carbide;
amopdnoe TBepaoe Teio - amorphous solid;
uH(ppa3Byk — infrasound;

yIbTpa3ByK — ultrasound;

runep3Byk — hypersound;

CIABUTOBAas BOJIHA - shear mode.

3 Section III Supplementary texts

3.1 Texts Optics

3.1.1 Read, translate and retell.

Propagation of Light

Velocity of Light. - Light is a transverse wave motion. It travels through
empty space, as well as through such transparent substances as glass, air, and water.
Its velocity, which is 186,000 miles per sec, is so great that in 1 sec it would travel
more than seven times around the earth at the equator. Light travels from the sun to
the earth in a little over 8 min, but it requires 4 years for light to travel from the
nearest star to the earth. If the North Star were obliterated, the earth would continue
to receive light from it for about 44 years.

Frequency and Wave Length. - The relation between frequency, velocity,
and wave length is the same for light waves as it is for sound waves. Waves of yellow
light have been found to have a wave length equal to about 0.000059 cm. The wave
length of light is often expressed in angstrom units. One angstrom unit = 10™ cm.

Rectilinear Propagation of Light. - Under ordinary circumstances light
travels in straight lines and does not appreciably bend around objects. That light

travels in straight lines may be shown by placing a candle or other source of light
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behind a screen having in it a small hole (Figure 36). In front of this screen 4B are
placed two screens CD and OF, each with a small hole at the center. When these
screens are so adjusted that the eye E can see the source of light S distinctly, it will be
found that the straight line joining S and E passes through the holes in the screens.
This shows that light from S to £ comes in a straight line.

A Crl G
) o '3
8 I/Ia? £

Figure 36 - Rectilinear propagation of light

o

Sources of Light. - The sun is the chief source of light and heat, but there are
many artificial sources. Any body when heated to a sufficient high temperature
becomes a source of light.

As the temperature of a body is raised, the body emits invisible radiations.
When it becomes red-hot, visible radiations begin to be emitted. The higher the
temperature, the greater is the amount of both heat and light waves that are emitted,
but the percentage of visible radiations becomes larger and larger as the temperature
of the source of radiations is increased. For this reason, the modern tungsten lamp is
much more efficient than the old carbon incandescent lamp. Tungsten has a very high
melting point, and when it is surrounded by nitrogen or when it is in a vacuum, it can

be heated to a high temperature and its efficiency thus made large [2, C. 102 - 103].

3.1.2 Read, translate and retell.

Reflection and Refraction of Light
Laws of Reflection. - When a beam of light, travelling in a homogeneous
medium, comes to a second medium, some of the light is reflected. At a polished or
silvered surface, nearly all the light is reflected. At the surface of clear glass, only a
small part of it is reflected. The greater part of it enters the glass and passes through.
In Fig, 37, let AB represent the reflecting surface, MP the perpendicular or normal to
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this surface, OP the incident ray, and PN the reflected ray. The angle OPM between
the incident ray and the normal to the surface is called the angle of incidence. The
angle MPN between the reflected ray and the normal to the surface is called the angle
of reflection. Reflection at such a surface occurs according to the following two laws:
1. First law of Reflection. The incident ray, the reflected ray, and the
normal to the surface lie in the same plane.
2. Second law of Reflection. The angle of incidence is equal to the angle of

reflection.

()
v/ Angle of
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1 PR FERETPE e FRETRR R 3

P
Mirror

Figure 37 - Reflection of light from a plane mirror. The angle

of incidence is equal to the angle of reflection

Refraction. - Experiments have shown that light travels with the greatest
speed in a vacuum and that it travels with different speeds in different mediums.
When it passes obliquely from one medium to another in which it has a different
velocity, there occurs a change in the direction of propagation of the light. This
bending of the ray of light when passing from one medium to another is known as
refraction.

Refraction can be illustrated by taking a cup which is opaque (Figure 38) and
placing a coin on the bottom of it at the point B, so that the far edge of the coin can
just be seen when the eye is at E. If now, without moving the eye, water is poured
into the cup, the coin will come completely into view. The ray B4 as it leaves the
water is bent away from the normal NA. Other rays are bent in a similar manner, and
an image of the coin is formed at C, so that the depth of the coin below the surface of

the water seems to have been lessened. Here it is seen that rays coming from the
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water to the air are bent away from the normal. The rays are always bent away from
the normal when they enter a medium in which their velocity is greater than it was in

the medium from which they came.

Figure 38 - Refraction of light. The rays bend away

from the normal on leaving the water

Refraction through a Prism. - A wedge-shaped portion of a refracting
medium bounded by two plane surfaces is called a prism. If the medium of which the
prism is composed is optically denser than the surrounding medium, a ray of light
incident on one of the faces will be bent toward the normal to the face on entering the
prism. On emerging from the opposite face, the ray will be going from a denser to a
rarer medium and will be bent away from the normal at that face. The angle through
which the ray has been deflected in passing through the prism is called the angle of
deviation. When the angle at which the ray enters one face is equal to the angle at
which it leaves the opposite face, the angle of deviation has its least value and is
known as the angle of minimum deviation.

Critical Angle. - When a ray of light passes from a dense medium such as
water to a rarer medium such as air, it is bent away from the normal so that the angle
of refraction is greater than the angle of incidence. If the angle of incidence is made
larger and larger, the angle of refraction will also become larger and larger and will
always be greater than the corresponding angle of incidence. When the angle of
incidence is increased sufficiently, the angle of refraction becomes 90 deg, and the
refracted ray travels along the surface of separation between the two mediums. That
angle of incidence for which the angle of refraction is 90 deg is called the critical
angle [2, C. 103 - 104].
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3.1.3 Read, translate and retell.

Optical Instruments

Lenses. - Lenses are bodies made of transparent material and bounded by
faces having a cylindrical or spherical form. Although lenses differ much in form
they may be divided into two classes according to the way in which they act on a
parallel beam of light. Consider the lens in Figure 39a on which parallel rays are
incident. Each ray is bent toward the normal to the surface on entering the lens and
away from the normal on emerging from the lens. In this way, the rays above the axis
PO are bent downward and those below it are bent upward. After leaving the lens, the
rays converge to a point F, called the principal focus. Such a lens is a converging
lens. If the incident rays are parallel to each other, the incident wave front is a plane
perpendicular to the incident rays. When this wave front emerges from the lens, it has
been changed to a concave wave front that converges to the focus. When the
bounding surfaces of the lens are very convex, the lens converges the rays rapidly.

This gives the lens a short focal length.

Fig. 39 a - Principal focus of a converging lens. The incident rays are

parallel to the principal axis POF; b - Principal focus of a diverging lens

When the bounding surfaces are only convex, the lens has a long focal length.
In order that all the rays may come to a point after leaving the lens, the beam of light
must be restricted to a narrow bundle near the principal axis of the lens. For an
extended beam the outer rays will not pass through the same point as the rays near the

axis.
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When the surfaces of the lens are concave instead of convex, the lens makes
the rays that pass through it more divergent, and for this reason it is known as a
diverging lens. In Figure 39b parallel rays are incident on a concave lens. On entering
the lens, the rays are bent toward the normal as before, and on leaving they are bent
away from the normal. In this case, however, the emerging rays are bent away from
the principal axis. They appear on leaving the lens to come from a point F behind the
lens. When the incident rays are parallel to each other and to the principal axis, this
point from which the rays appear to come on leaving the lens is the principal focus.
This is only an apparent focus because the light does not really come from it, but the
effect on the left-hand side of the lens is the same as if the light actually came from
this point behind the lens. This kind of focus from which the light appears to come is
a virtual focus. It is to be carefully distinguished from a real focus through which the

light actually goes.

Figure 40 - Photographic camera

If the lens is convex, and the incident rays come from a point source, the
incident wave front is spherical, and the emerging wave front is the surface of a
sphere with its center at the image. If the lens is concave, the curvature of the wave
front is increased in passing through the lens, and the image is behind the lens.

The Photographic Camera. - The simplest application of lenses for optical
purposes is in an ordinary photographic camera (Figure 40). A lens or combination of
lenses in one end of the camera produces a real image of an external object on the
photographic plate or film at the other end of the camera. The distance between the
lens and the photographic plate or film can be altered so as to focus the image on the
plate. Sometimes the photographic plate is replaced by a ground-glass screen on

which the image is cast, and then the lens is moved into such a position that the
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image is sharply focused on the ground glass. The plate or film is then substituted for
the ground glass. The bellows B serves to exclude all the light except that which
comes from the object. It also makes possible the to-and-fro motion of the lens
necessary in the focusing.

To avoid spherical aberration, i.e., the distortion of the image because all the
rays do not come to the same focus, and to limit the quantity of light, a diaphragm is
placed in front of the lens. This diaphragm restricts the rays to those which pass
through the central portion of the lens. The smaller the diameter of the hole in the dia-
phragm, the better is the definition of the image. On the other hand, the smaller this
opening, the less the intensity of the light forming the image on the plate. Where it is
desired to have the image as bright as possible, the choice of the size of the opening
in the diaphragm becomes a compromise between diminished brightness on the one

hand and definition on the other hand.
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Figure 41 - Projection lantern. It produces real, inverted,

and magnified images

Projection Lantern. - The projection lantern, which is used to throw an
image of a brilliantly illuminated object on a screen consists of a powerful source of
light S (Figure 41), a large condensing lens NP, and a front or objective, lens LM. The
condensing lens NP collects the light from the source S and sends it through the slide
Ol, so that this slide is brilliantly illuminated. The objective LM then produces a real
image of the slide OI on the screen XY. Since the slide Ol is just outside the principal

focus of the lens LM, the image on the screen is enlarged. This image is also real and
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inverted. The magnification produced by the lantern is obtained from an application
of the law for the magnification of a lens.

Simple Microscope. - When an object is placed slightly nearer to a
converging lens than its focus, an eye brought up to the lens sees a virtual, erect, and
magnified image A'B' (Figure 42). A lens used in this way constitutes a simple
microscope. In order to obtain the greatest advantage, the eye should be as near as
possible to the lens. In this way, the field of view is made as large as possible, and the
distance of the virtual image A'B’ from the eye for distinct vision is made as large as
possible.

In order to find the magnification of a lens used in this way, it is necessary to
consider that the apparent size of an object is determined by the angle it subtends at
the eye. Now for most distinct vision, an object must be about 10 in. from a normal
eye. If an object is placed at a greater distance than this, the image on the retina is
smaller and its details are not seen so distinctly. When the object is placed nearer than
10 in., the image on the retina is blurred. When an object is examined with the aid of
the magnifying glass, the object is brought nearer to the eye than would be possible
for distinct vision without the magnifying glass. In Fig. 42 the angles subtended at the
center of the lens by the object AB and the image A'B’ are the same. But OD is the
distance of distinct vision, and, if the lens were absent, the eye could not see 4B

distinctly until it was removed to ab.

oy O

Figure 42 A simple microscope. It produces

virtual, magnified, and upright images
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Opera or Field Glasses. - The opera glass consists of an objective LM which
converges the rays toward the point S (Figure 43), but before they reach this point
they pass through the diverging lens NP which replaces the  eyepiece  of  the
telescope. In passing through this diverging lens, the rays that were converging on
entering it are made to diverge on leaving it. To an eye on the right-hand side of the
lens NP the rays seem to have come from a point 4’ behind the concave lens NP,
which thus forms the virtual and erect image A'B’ of the object from which light was
received. Unlike the astronomical telescope, the opera glass gives an erect image. To
have the opera glass in focus, the lens NP must be so placed with respect to the

objective that the rays emerging from the lens NP are nearly parallel.

Figure 43 - Opera or field glasses. They produce

virtual and upright images

Standards of Illumination. - The intensity of illumination is measured by the
amount of light which falls on unit area of a surface. The amount of energy received
by unit surface cannot be easily determined in absolute measure. The eye is the most
sensitive means of detecting light, but it does not give a quantitative measure of it. By
means of the eye it is possible, however, to make an accurate comparison of two
intensities of illumination.

To compare sources of illumination, a standard source of illumination is
necessary. The choice of these standards is more or less arbitrary. There are a number
of such standards in use. The British standard candle is defined to be a candle made
of spermaceti, weighing six to the pound and burning at the rate of 120 grains per hr.

This standard does not have a sufficiently constant illuminating power to make it of
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scientific value. Its illuminating power changes with atmospheric conditions and with
the conditions under which it is burned.

Candle Power. - The candle power of a lamp is a specification of its
illuminating power in terms of some standard candle. For example, the illuminating
power of an incandescent lamp may be thirty times that of a standard candle and is
then said to be a 30-cp lamp. But the illuminating power of a light varies according to
the direction from which it is observed. It becomes necessary, therefore, to measure
the average candle power in a given plane. The average illuminating power in the
horizontal plane is called the mean horizontal candle power. The mean spherical
candle power denotes the average illumination by a source of light from all directions
in space.

The Foot-candle. - A Foot-candle is the intensity of illumination upon a
surface at a point which is 1 ft distant from a source of 1 candle, the surface being
perpendicular to the light rays at that point.

The Lumen. - The unit used to denote quantity or amount of light is the
lumen. A lumen is the amount of light falling on a surface that has an area of 1 sq ft
when every point of the surface is 1 ft from a point source of light of 1 candle [2, C.

104 - 108].

3.1.4 Note to text 3.1.3:

o a 30-cp lamp - nammna momHOCTHIO B 30 cBeueit (cp - candle power)

3.2 Texts Magnetism and Electricity

3.2.1 Read, translate and retell.

Magnetism
Magnets. - A peculiar mineral (Fe;O4) called lodestone was found in early

times in the neighborhood of Magnesia in Asia Minor. This mineral has the power of
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attracting small particles of the same mineral and of setting itself in one particular
direction when suspended. When a piece of this lodestone is dipped into iron filings,
they adhere to it. It is found that there are two places on each piece of this mineral at
which the iron filings adhere in greatest quantities. If such a piece of lodestone is
suspended by means of a silk thread, it is found that the line joining the places at
which the iron filings adhere in greatest quantities points north and south.

When a steel knitting needle is stroked from one end to the other with a piece
of lodestone, using for point of contact one of the points at which the iron filings
adhere most freely, the needle acquires the property of attracting iron filings and of
setting itself north and south when suspended. Such a needle is called an artificial
magnet. There are other ways in which more powerful artificial magnets can be
made. The properties of these magnets do not differ in any way from those of the
needle, except that they are much more powerful.

Magnetic Poles. - On dipping a magnetized needle into iron filings it is seen
that the iron filings adhere most strongly at the ends of the needle. These places at
which the tendency of the iron filings to cling to the needle is greatest are called
poles. If that end of a suspended needle may be disturbed, it will come to rest with the
marked end pointing north. For convenience, it is desirable to call the end of the
magnetic needle that points north the north-seeking pole, or N pole. The other end is
called the south-seeking pole, or the S pole.

Law of Force between Magnetic Poles. - Experiments show the following:

1. Like poles repel each other, but unlike poles attract each other. Thus, two N
poles repel each other and two S poles repel each other, but N pole and S pole attract
each other.

2. The force with which the poles of two magnets attract or repel each other,
in a vacuum, is equal to the product of the pole strength divided by the square of the
distance between the poles.

Magnetic Field. - The space outside the magnet in which its influence can be

detected is called the magnetic field. In the case of powerful magnets this space
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extends far from the magnet, but in the case of feeble magnets the magnetic field is so
weak that it may be considered as confined to a small region near the magnet.

At every point near a magnet or a system of magnets, a free magnetic pole
would experience a force tending to drive it in a definite direction. The direction in
which a free N pole would move is called the direction of the magnetic field and the
magnitude of the force on unit pole is known as the intensity of the magnetic field.
The intensity of the magnetic field, or the magnetic intensity, is thus defined to be the
mechanical force measured in dynes that is exerted on unit pole at a point in free
space. The unit of magnetic intensity is called the oersted. If the magnetic field is
such that there is a force of 1 dyne on unit pole, the magnetic field or the magnetic
intensity at that point is 1 oersted.

Unit Pole. - A unit pole is a pole of such strength that it will repel a similar
pole of equal strength with a force of 1 dyne when placed 1 cm away from it in a
vacuum. An isolated pole is not a physical possibility, since every magnet must have
an equal south pole for every north pole. It is possible to realize approximately the
conditions assumed in this definition by supposing that the magnets are very long, so
that the influence of the other pole is small. The number of unit poles on the end of a
magnet is measured by the number of dynes of force that it will exert on a unit pole 1
cm from it in a vacuum.

The force in air differs little from the force in a vacuum. Hence, the
distinction between air and vacuum may be neglected.

Magnetic Lines of Force. - In order to make it easier to understand the way
in which the magnetic field changes from point to point, it is convenient to draw
certain lines (Figure 44) which by their direction represent the direction of the
magnetic field and by their number represent the intensity of the magnetic field.

Such lines are called lines of magnetic force. Such a line of magnetic force is
the path along which a perfectly free N pole would travel when left alone in the
magnetic field. Since such a free N pole cannot be obtained in practice, a small

compass needle is used to determine the direction of the magnetic field at a point.
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When the compass needle comes to rest, its axis points in the direction of the

magnetic field at that point.

Figure 44 - Magnetic lines of force around a bar magnet

In order to represent the strength of the magnetic field, there is a well-
established convention concerning the number of lines of force to be drawn per unit
area. The agreement is that the number of lines of force per square centimeter shall be
just equal to the number of dynes with which the field would act on a unit pole. For
example, a magnetic field equal to 10 oersteds is represented by drawing 10 lines of
force per square centimeter.

Molecular Theory of Magnetism. - It is assumed that every substance which
is capable of being magnetized consists of a very large number of molecular magnets,
probably no larger than the molecules out of which the substances are made. When
the substance is unmagnetized, these molecular magnets are not arranged in any
particular direction, but are oriented indiscriminately. When the substance is
magnetized, a larger number of them are made to point along the axis of the magnet
than point in another direction. In the interior of the magnet, the little north poles lie
so close to the little south poles that each destroys the influence of the other. At one
end of the bar are tree north poles, and at the other end are free south poles. The sum
of all these little north poles makes the N pole of the magnet, and the sum of all the
little south poles makes the S pole of the magnet.

Magnetic Induction. - When a bar magnet is placed near a piece of
unmagnetized iron, the elementary magnets in the iron tend to arrange themselves so

that all the N poles point in one direction and all the S poles in the opposite direction.
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The piece of iron thus becomes a magnet so long as it is in the presence of the
permanent bar magnet. South-seeking poles are produced near the north-seeking pole
of the bar magnet and north-seeking poles at the other end of the piece of soft iron.
This process of magnetization is known as magnetization by induction.

Molecular State of a Magnetized Body. - It is found that when a magnet is
broken in two, two complete magnets result, two new poles appearing at the fracture.
These poles must have existed in the original magnet, but without producing external
effects, since they neutralized each other.

Hence magnetization is a state existing everywhere in a magnet, but
manifested only at the poles. On breaking the magnet into still shorter pieces, we still
get complete magnets. While the subdivision cannot actually be carried to parts of the
size of molecules, there are strong reasons for believing that the molecules (or atoms)
of a magnetic substance are magnets.

We can now explain what takes place when a rod of iron is magnetized. The
molecular magnets in the unmagnetized rod were like a lot of small magnets thrown
into a box, their axes being turned in all directions. In magnetizing the rod we twist
the molecular magnets around so that their axes are more or less parallel to the length
of the rod, a process that can be imitated by using a glass tube filled with iron filings.
The more completely they are lined up in this direction, the stronger is the resulting
magnet.

In this position they possess potential energy which they had not before, and
this came from the work we had to do to turn them. It is found that there is a limit to
the strength to which a rod can be magnetized by using stronger and stronger
inducing magnets. All the molecular magnets then agree in direction and the rod is
described as saturated.

Hammering, bending, or twisting an iron rod when it is near a magnet
increase its magnetization, and they also tend to demagnetize a permanent magnet,
owing to the agitation of the molecules that they produce. A permanent magnet can
also be demagnetized by heating it to a red heat, since heat is in itself a molecular

disturbance and tends to destroy the alinement of the molecules. For the same reason
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soft iron cannot be magnetized temporarily when it is at a red heat. A long wire of
soft iron mounted to swing will cling to the pole of a magnet, but it loses its hold
when heated by a Bunsen burner.

When out of the flame it again becomes magnetic and returns to the magnet,
and so it continues to vibrate. A similar experiment with a strip of nickel attached to a
blackened copper disk (to promote cooling) succeeds when the source of heat is
merely an alcohol flame, since nickel loses its magnetic properties at a much lower
temperature than iron. The critical temperature is called the Curie point [2, C. 108 -

111].

3.2.2 Read, translate and retell.

The Electron Theory

According to modern theory whole matter is composed of atoms, tiny
particles that are the building blocks of the universe. There are many kinds of atoms,
one or more for each chemical element. Each atom consists of a nucleus, a small,
tightly packed positively charged mass, and a number of larger, lighter, negatively
charged particles called electrons, which revolve about the nucleus at tremendous
speed. The centripetal force necessary to draw these electrons into their circular or
elliptical paths is supplied by the electrical attraction between them and the nucleus.
The nucleus consists of a number of protons, each with a single positive charge, and
(except for hydrogen) one or more neutrons which have no charge. Thus the positive
charge on the nucleus depends upon the number of protons that it contains. This
number is called the atomic number of the atom. A neutral atom contains equal
numbers of electrons and protons. Each electron carries a single negative charge of
the same magnitude as the positive charge of a proton, so that the attraction between
the nucleus of an atom and one of the electrons will depend on the number of protons
in the nucleus.

An electron has a mass of 9.105X10* gm. Since the mass of a proton or a

neutron is about 1.840 times that of an electron, the mass of the atom is concentrated
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in the nucleus. The chemical properties of the atom are determined by the number of
protons in the nucleus.

A solid piece of material consists of inconceivably large number of atoms
clinging together. Though these atoms may be vibrating about their normal positions
as a result of thermal agitation, their arrangement is not permanently altered by this
motion. Also present in solids are numbers of free electrons, so called because they
are temporarily detached from atoms. The number and freedom of motion of these
electrons determine the properties of the material as a conductor of electricity. A
good conductor is a material containing many free electrons whose motion is not
greatly impeded by the atoms of which the material is composed.

As a result of the repulsive forces between them, free electrons spread
throughout the material, and any concentration of them in any one region of the
material will tend to be relieved by a motion of the electrons in all directions away
from that region until an equilibrium distribution is again reached.

In the best conductors the outer electrons of the atoms can easily be removed,
so that a free electron with an atom often causes an outer electron to leave the atom.
When this happens the ejected electron becomes a free electron, moving on, while its
place in the atom is taken by another free electron that encounters the atom. An
insulator or poor conductor is a substance that contains very few free electrons and
whose atoms have no loosely held orbital electrons.

Electrification. - If a piece of sealing wax, hard rubber, or one of many other
substances is brought into intimate contact with wool or cat's fur, it acquires the
ability to attract light objects such as bits of cork or paper. The process of producing
this condition in an object is called electrification, and the object itself is said to be
electrified or charged with electricity.

There are two kinds of electrification. If two rubber rods, electrified by being
brushed against fur, are brought near each other, they will be found to repel each
other. But a glass rod rubbed with silk will attract either of the rubber rods, although

two such glass rods will repel each other. The charge on the glass is evidently unlike
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that on the rubber. These facts suggest that objects that are similarly charged repel
each other; bodies with unlike charges attract each other.

The electrification produced in a glass rod by stroking it with silk is arbitrarily
called positive electrification, while that produced in the rubber rod by contact with
wool is called negative electrification. It is ordinarily assumed that uncharged objects
contain equal amounts of positive and negative electricity. When glass and silk are
rubbed together, some negative electricity is transferred from the glass to the silk,
leaving the glass rod with a net positive charge, and the silk with an equal net
negative charge. Similarly, hard rubber receives negative electricity from the wool
with which it is in contact, causing the rod to be negatively charged and leaving the
wool positive.

Though a similar explanation could be made by assuming a transfer of
positive electricity, it has been shown that in solids only negative electricity is
transferred [8, http://ieeexplore.ieee.org/Xplore/Browse/Journals/Journal of Applied
Physics].

3.2.3 Notes to text 3.2.2:
o the building blocks of the universe - kupnuuu Mmuposaanus;

o tightly packed — miiotHas.

3.2.4 Read, translate and retell.

Electrostatics
Two Kinds of Electricity. - If a pith ball is hung from a support by a silk
thread, and a rubber rod that has been electrified by stroking it with cat’s fur is
brought near it, the pith ball is at first attracted to the rod. If the pith ball is allowed to
come in contact with the rod, it is found that the ball is repelled by the rod. When a
glass rod which has been rubbed with silk is brought near the same pith ball carrying
the charge which is received from the rubber rod, the charged pith ball is attracted by

the electrified glass rod. There are then two states of electrification, or, as it’s usually
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said, two kinds of electricity: that which appears on an ebonite rod when rubbed with
cat’s fur and that which appears on a glass rod rubbed with silk. These charges differ
in one important respect. Charges which are alike repel each other, and charges which
are unlike attract each other. That kind of electricity which appears on a glass rod that
has been rubbed with silk is called positive electricity and the kind which appears on
an ebonite rod rubbed with cat’s fur is called negative electricity.

Electric Field of Force. - The region surrounding one or more charged
bodies is known as the electrostatic field. It is frequently represented by drawing lines
which represent the direction in which the force on a positive charge acts at different
points in the neighborhood of the bodies. Such lines are called lines of force. They
show the direction in which a positive charge would move if it were placed in the
field of force.

The intensity of an electric field is determined by the force that unit positive
charge experiences when placed in it. Suppose that 4 (Figure 45) is a charged sphere
having an electrostatic field about it. The intensity of this field at P is the force that
would be required to hold unit positive charge in position at P. The force on ¢ units
of electricity at P would be g times as great as the force on unit charge. If £ denotes
the intensity of the electric field at P and ¢ the number of unit charges located at P,
then the force F on this charge is

F = Eq dynes
An electrostatic field has an intensity of unity when it exerts a force of 1 dyne

on unit charge at that point.

+ * 4

+ ; +
++-—-—_p._.__l’
+ +

+ +
Figure 45 - Definition of intensity of an electric field

Positive and Negative Charges. - The only way to charge a body negatively

is to add electrons to it, and the only way to charge it positively is to take electrons
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away from it, leaving an excess of positive electricity. When the rubber rod was
charged negatively by rubbing with cat’s fur, some electrons passed from the cat’s fur
to the rubber rod, leaving the cat’s fur charged and the rubber charged negatively. On
the other hand, when the glass rod was charged positively by rubbing with silk, some
electrons passed from the glass to the silk, leaving the glass rod charged positively
and the silk charged negatively.

In the normal condition, the amount of positive electricity in the atom is just
equal to the amount of negative electricity on its electrons. One or more of these
elections may be detached from the atom, leaving it with an excess of one or more
positive charges of electricity. In such a case, the residue that is left after detaching
these electrons is what is called a positively charged ion. On the other hand, an atom
may gain one or more electrons in excess of its quota. It has on it then one or more
negative charges and becomes a negatively charged ion. For example, when
hydrochloric acid dissociates to a form 3 hydrogen ions and chlorine ions, the
chlorine takes one more electron than its normal quota, thus giving it one negative
charge and making it a negatively charged ion. Since the molecule of hydrochloric
acid is originally neutral, the hydrogen is left with one less electron than its quota and
is thus charged positively and becomes a positive ion.

Conductors and Insulators. — In some cases the forces holding the
electrons to the atoms are not very large. They may be detached temporarily and
wander about in the vacant space between the atoms. Thus in copper and silver some
of the electrons become detached from the atoms and wander about for longer or
shorter times in the interstices between the atoms. Under the action of an electric
force, these electrons migrate through the metal. Such substances in which there are
free electrons which can be made to migrate through the substance under the action
of an impressed electric force are called conductors. Metals belong to this class, of
bodies.

If the electrons are rigidly bound to the atom so that they do not become free
except under the action of very large forces, no free electrons will be found in the

vacant spaces between the atoms. If an electric force is applied to such a substance, it
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cannot cause the electrons to migrate through the substance, and there is no flow of
electrons from one part of the substance to the other. If an excess number of electrons
be placed on one part of such a substance, they will remain there without wandering
to other parts of the body. The most that an impressed electric force can do in such a
case is to cause a limited displacement of the electrons within the atom without
causing the electrons to migrate from atom to atom. Such substances are called
nonconductors, or insulators. To this class of substances belong mica, porcelain,
quartz, glass, wood, ebonite, etc.

The Electroscope. — One form of gold-leaf electroscope consists of a metal

sphere (Figure 46) which is fastened by means of a metal rod to two thin gold leaves.

Brass sphere

Sulphur
Glass jar

£

Cold foil

Figure 46 - Cold-leaf electroscope. The leaves
are repelled when charged but collapse

when the charge escapes

The metal rod passes through a sulphur plug by which it is insulated from the
glass jar in which the leaves are mounted. When the brass sphere and the leaves are
uncharged, the leaves collapse and hang together. When some electrons are removed
from the sphere, leaving the sphere and the leaves charged positively, the leaves
diverge because of the repulsion between the like positive charges on them. If part of
the positive charge is neutralized by adding some electrons, the gold leaves partly
collapse. If all the positive charge is neutralized, the leaves collapse completely. If an

excess of electrons is now added to the sphere, electrons will move to the leaves

176



charging them with negative electricity. This causes the leaves to diverge again

because of the repulsive forces between the like charges [2, C. 114 - 116].

3.2.5 Note to text 3.2.4:
o in excess of its quota - cBepx ero JA0Jd, T. €. CBEPX €ro OOBIYHOTO KOJIUYECTBA

QJICKTPOHOB.

3.2.6 Read the text in Russian and translate it from Russian into English.

Teopus xaoca

OpHoii u3 Haubosiee MHTEPECHBIX U JO KOHIA HE MCCIECIOBAaHHBIX TEOPUH
KJIACCUYECKON MEXaHUKHU SIBJIIETCS TEOPHSI Xaoca.

Teopus Xaoca MpeICTaBIISIET coboii MaTEeMaTUYECKUN ammnapar,
ONUCHIBAIOIINKM TOBEAECHUE HEKOTOPHIX HEJIMHEMHBIX JUHAMHYECKHX CHUCTEM,
MOABEPKEHHBIX IPU ONPEACIEHHBIX YCIOBHUSAX SIBJICHUIO, MU3BECTHOMY KakK Xaoc.
IloBeneHNEe TaKOW CUCTEMBI KAXKETCA CIIy4alHbIM, JaXe €CIU MOJENb, ONUCHIBAIOIIAS
CUCTEMY, SIBIIAETCS AETEPMUHUPOBAHHOM.

[IpumepamMu TIOIOOHBIX CHUCTEM SIBISIOTCA aTMocdepa, TypOyJIeHTHbIE
MOTOKH, OMOJIOTrMYE€CKUE TOMYISIUHU, OOLIECTBO U JIPYTUe COLHMAIbHBIE CUCTEMBI.

Teopust xaoca — 3T0 00JacCTh UCCIEIOBAHMI, CBS3bIBAIOIIAs MaTeMaTHUKY,
¢bu3uky u gunocoduro.

OHa T1JacuT, 4YTO CJOXKHBIE CHCTEMBI YPE3BbIYANHO 3aBUCUMBI OT
MEepPBOHAYATILHBIX YCIOBUN U HEOONbIINE U3MEHEHHUS! B OKpYKaloUlel cpeae BeAyT K
HEIpPEICKa3yEMbIM MTOCIEACTBUSIM.

[lepBOOTKpBIBAaTENSIMU TEOPUU CUUTAIOTCS (PpaHiy3ckuil Ppusuk u ¢punocod
Aunpu Ilyankape (mokazan TeopeMy O BO3BpAIlEHUH), COBETCKHE MaTeMaTHUKU
A. H. Konmoropos u B. U. Apronsa, Mo3ep, noctpouBiine Teopuro xaoca. Teopus
BBOJIUT MOHSTHE ATTPAKTOPOB, YCTOMUUBBIX OPOUT CUCTEMBI.

JluneitHble cUCTEMbI HUKOT/Ia HE OBIBAIOT XaOTHYeCKUMHU. it TOro, 4ToOhI

JUHAMHU4YCCKasa CUCTCMaA OblL1a XaOTquCKOﬁ, OHa JO0JI’KHa ObITh HenuHelHo#. I[lo
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teopeme Ilyankape—beHnukcoHa, HeNpepblBHAs JWHAMHU4YECKas CUCTEMa Ha
MJIOCKOCTU HE MOXKET ObITh XaoTuyeckoi. Cpeiu HempephIBHBIX CUCTEM XaO0TUYECKOE
MOBEJACHUE HMMEIOT TOJIbKO HEIJIOCKME MPOCTPAHCTBEHHBIE CUCTEMBI (00S3aTEIBHO
HaJIM4Me HE MEHee TpeX H3MEpPeHUN WU HeeBKIuAoBa reoMerpusi). OaHaKo
IUCKpETHAs JWHAMHMYECKas CHCTEMA Ha KaKOW-TO CTaJuud MOXKET MPOSBUTH
Xa0THYECKOE MTOBECHUE 1aKE€ B OJTHOMEPHOM HJIM IBYMEPHOM ITPOCTPAHCTBE.

UyBCTBUTENBHOCTh K HaYaJbHBIM YCJIOBUSAM B TaKOW CUCTEME O3HAYAET, YTO
BCE€ TOYKH, IMEPBOHAYAIBHO OJIM3KO MNpUOIMKEHHBbIE MEXAy coOol, B OyayiieMm
MMEIOT 3HAYMTENbHO OTIMYaroniuecss TpaekTtopuu. Takum o0pa3oM, MPOU3BOJIIBHO
MaJICHBKOE M3MEHEHUE TEKYIIEW TPACKTOPHUH MOYKET IMPUBECTU K 3HAYUTEIBHOMY
U3MEHEeHHI0 B e€ OynayiieMm mnoBeaeHHH. JlokazaHO, YTO MOCIEIHUE JIBa CBOMCTBA
(baKkTHUeCKH MOAPa3yMEBAIOT YYBCTBUTEIBLHOCTh K HAYAJIBHBIM YCIIOBUSM.

UyBCTBUTENBHOCTh K HA4aJIbHBIM YCIIOBUSIM Oojiee M3BeCTHa Kak “Dddekt
0aboukn”. TepmuH BO3HUK B CBs3M co crarhéil “lIlpenckazanue: B3Max KpbUIbeB
06abouku B bpaszuiuu BbI30BET TOpHAIO B mTate Texac”, kotopyro DnBapn JlopeHi B
1972 ropy Bpy4msa amepuKaHCKOW “Accouuanuu AJjisi OPOJIBMXKEHUS HAayKu B
Bamunrrone. B3max KpbUibeB 0a00OUYKM CHMBOJM3UPYET MEJKHE H3MEHEHUS B
MEPBOHAYATILHOM COCTOSIHUM CHUCTEMBI, KOTOpPbIE€ BBI3BIBAIOT ILIEMOYKY COOBITHIA,
BEIyIIMX K KpymHOMAcIITaOHbIM H3MeHeHusiM. Ecnu Obl 6abouka He xJomana
KPBUIbSIMH, TO TPAEKTOPHUS CUCTEMBI ObLIa ObI COBCEM APYTOM.

HecMmoTpss Ha MONBITKM TOHATH XaoC B IIEPBOM IMOJOBUHE JBAJALIATOTO
CTOJIETHS, TEOPHUSl Xaoca KaK TakoBas Hadayia (OPMHUPOBATHCS TOJBKO C CEPEAUHBI
ctoneTusi. Toraa HEKOTOPHIM YUYEHBIM CTaJI0 OYEBUIHO, YTO IMpeoliaaaronias B TO
BpeMs JIMHEWHAas TEOpHsl MPOCTO HE MOXKET OOBSICHUTh HEKOTOpbIE HaOII0JacMble
AKCIEPUMEHTHI. UTOOBI 3apaHee UCKIIOYUTh HETOYHOCTU MPU U3YUYEHUU — MPOCTHIE
“rloMexu” B TEOPUU Xaoca CYUTAIM ITOJTHOLICHHOM COCTAaBISAIOMIEN H3ydaeMOu
cucteMbl. OCHOBHBIM KaTajJn3aTOpPOM JUIsl pa3BUTHS TEOPUM Xaoca cTaia
AIEKTPOHHO-BBIYHUCIIUTENIbHAS MAILIMHA.

OmgHuM U3 TEpBBIX HCCIEIOBaTENe Teopuu Xaoca ObUT Takke OIBap]

HOpCHLI, HHTCPEC KOTOPOIro K XaoCy IIOABUICA cnyqaﬁHo, Koraga OH pa60TaJ'I Halx
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npejackazanueM Tmorogel B 1961 roxy. JlopeHnr oOHapyXui, 4YTO MayieHiine
W3MEHEHUsI B TI€PBOHAYAIBHBIX YCIOBUSIX BBI3BIBAIOT OOJIBIINE W3MEHCHHUS B
pesynbrare. OTKpbITHIO Aanu uMs JIopeHia 1 0HO JoKa3ano, yTo Mereoposorus He
MOXXET TOYHO TpeJicKa3aTh MOrojy Ha nepuoj Oojee Henenu. 'ogom panee, benya
MaHnienb0poT Haliesl MOBTOPSIOIIUECs 00pasilbl B KaXA0W IPyIIe TaHHBIX O IIEHaX
Ha xJyonok. OH u3yyan Teopuro MHGOpMaMKM U 3aKiatoumi, 4To CTpyKTypa momex
nogoOHa Habopy Perenra: B 11000M Maciitabe mponopIys MepruoaoB ¢ MOMEeXaMH K
nepuoam 0e3 HUX ObliIa KOHCTAHTa — 3HAYUT, ONTMOKHA HEN30EKHBI U JOJIKHBI OBIThH
3amianupoBanbl. B 1967 on u3gan paboty, Tle JoKa3biBajl, 4TO JaHHBIE O JJIUHE
OeperoBoil JIMHUU HM3MEHSIOTCS B 3aBUCMMOCTH OT MaciiTaba H3MEpUTEIBHOTO
npubopa. OH 10Ka3ajn, 4YTO JAaHHBIE U3MEPEHMs] OOBEKTa BCETJa OTHOCUTEIBHBI U
3aBUCAT OT Touku HaOmoaeHus. B 1975 romy MannensO6pot onmy0biukoBan paboTy
“IIpupona ppakTalbHON TeOMETPUN™’, KOTOpask CTajla KJIACCUYECKOW Teopuen xaoca.
Hekotopbeie Ouomornueckue CHUCTEMbI, TaKHME€ KaK CHCTeMa KpPOBOOOpAILCHHS W
OpoHXHuaabHas CUCTEMA, MOAXOAT MO OMUCaHue PpaKkTaaIbHONU MOJIEITH.

B mHacrosiiee Bpemsi Teopusi Xaoca MPOJOJDKAET OBITh OYEHb AKTHBHOMU
00JIacThIO HUCCIEOBAHUM, BOBJIEKAass MHOTO pa3HBIX JUCIUILIMH (MaTeMaTHuKa,
TOMOJIOTHS, (hr3rKa, OMOJIOTHS, METEOPOJIOT s, acTpopr3rKa, Teopusi HHPopMaIuy,
U T.J.).

Teopuss xaoca TpUMEHSETCS BO MHOTMX HAyYHBIX JUCHUIUIMHAX:
MareMmaTuka, Owuojorus, uHPOpMaTHKa, SKOHOMHKA, WHXXCHEPHUs, (PUHAHCHI,
dbunocodus, pusnka, MOJTUTHKA, ICUXOJIOTUS U POOOTOTEXHHUKA.

OnHO M3 caMbIX YCIMEIIHBIX MPUMEHEHHN TEOpHHM Xaoca ObLIO B AKOJOTHH,
KOrja JIWHAMHUYECKUE CHUCTEMbl HCIOJIb30BaIMCh, YTOOBI IOKa3aTh 3aBUCHUMOCTH
MPUPOCTa HACEJEHUSI OT €ro IJIOTHOCTU. B Hacrosiiiee BpeMsi TEOpUSl Xaoca TakkKe
MIPUMEHSIETCSL B MEIMIIMHE MPU U3YUYECHUU STUJICTICUU JIUIS TIPEACKa3aHUi TPUCTYTIOB.
[Toxoxast obnacth (pU3MKU, Ha3BaHHAs KBAHTOBOM TEOpUEH Xaoca, HCCIEAYET CBI3b
MEXJy XaoCOM M KBaHTOBOW MexaHMKOW. HenmaBHO mosiBuiIach HoOBas 00J1acTh,

Ha3BaHHas1A XaOCOM OTHOCHTCIBbHOCTH, yTOOBI  OIHKCATh CUCTCMBI, KOTOPBIC
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Pa3BUBAIOTCA 110 3aKOHaM O6H.ICI>1 TCOPHUHN OTHOCUTCJIIBHOCTH

http://en.wikipedia.org/wiki/Theory of Chaos].
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Vocabulary notes:

JeTepMUHUPOBaHHAsA MOJieNb - deterministic model;
TypOyJieHTHbIE TOTOKH - turbulent flows;

Awnpu Ilyankape - Henri Poincare;

teopema I[lyankape—bennukcona - Poincaré-Bendixson theorem;
aTTpaxkTop — attractor;

HEeBKJIU0Ba reomeTpus - non-Euclidean geometry;

Onapn Jlopeni — Edward Lorentz;

benya Mannens0Oport - Benoit Mandelbrot.

4 Section IV Vocabulary and abbreviations

4.1 Vocabulary

A

aberration — UCKaxeHue, abeppanus;

adhere — mpununaTk, CUEIUIATH(CS);

alter — BUTOM3MEHSTH;

angle of deviation - yron aeBuanuu, yrojl OTKJIOHEHHS;
angle of incidence - yron nagenus;

angstrom unit - aHTCTpeM, A;

artificial — MCKyCCTBEHHBI;

Asia Minor - m-oB Manas A3us;

B

bend - crubaTb(cs);

10:



blacken — 3aTeMHSATh, YEPHETH;
blur - pa3mMbIBaTh, CMa3aTh;
brass - 1aTyHb, KeaTast Me/b;

Bunsen burner - ropenka bynsena;

C

carbon — yriepon;

centripetal — IEHTPOCTPEMUTENIbHBIN;

chlorine — xJy10p, XJIOPUCTHIN

cling — nemATbCs, TPUIUNATh, KPEMKO JAePKATHCS;
curvature — 3aKpyTJeHue, U3ruo;

concave — BOTHYThIN;

converge — CXOIUThCS;

critical angle - nmpenenbHBIN yroi;

Curie point - Touka Kropu;

D

deflect — OTKJIOHATDH, MIPETOMIIATS;

detach — oTHEATH, OTCOCIUHSATE;

dissociate — nUCCOMUPOBATH, PA3bEIUHSITh;
distortion — neopmaiiuisi, UICKpUBIICHUE, UCKAKCHUE;
diverge — pacXoauThCS, OTKIOHATHCS;

divergent — pacxoasuuiics;

E

Electrification - anexTpusaius, HadJIEKTPU30BaHUE;
emerge — BOSHUKATB;

emit — UCITyCKaTh;

ejected electron — ucyckaemblii JIEKTPOH;

erect image - npsiMoe (HeTepeBEepHYTOE) U300paKECHUE;
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external - BHEIIHU, HAPY>KHBIN;

F
feeble - HEMOIITHEIN, HE3HAYNTECIBHBIN, HUYTOKHBIH;

focal length - dhokycHoe paccrosinue;

H
hammering — BOMBaHue, 3aK0JaUBaHUE

homogeneous medium - roMoreHHas cpena;

I

impede - MemaTh, MPEMATCTBOBATH, 3aTPY/IHATD;

indiscriminately - Hepaz6opunBo;

incident ray - majaromuii Jyd;

interstice - MeX10y3JMe (B KPUCTATUYECKOM pEeIIeTKE), MPOMEKYTOK;
invert - mpeoOpa3oBbIBATH, IEPEBOPAUNBATH;

iron filings - *xene3HpIe OMUIKU (CTPYKKA);

L
lessen - yMmeHbIIaTh(cs1), COKpamaTh(cs);
like charges — ogrHaKoBbIe 3apsabI;

lodestone - MarHeTUT, MAarHUTHBIHN JKEJIC3HSK;

M
manifest - mposIBIATHCS, 0OHAPYKUBATHCS;

mica — CJII0/a;

N
nitrogen — a3o0T;

normal — nepneHAnKyIsIp;



(0]

obliterate — yHHUYTOXaTb;

obliquely - HaKTOHHO, HAUCKOCH;

oersted - apcres (equHUIIA HAMTPSHKEHHOCTH MarHUTHOTO TOJIs );
opaque - HEPO3paYHbIN; HEMPOHULIAEMBIN;

opposite face - MpPOTUBOIIOIOKHAS TPaHb;

outer electron - BHEIIHUI 3JIEKTPOH;

P

poor conductor — c1abblii TPOBOJHUK;

porcelain - papdop, GapdopoBbiii;

R
radiation — U3Iy4YeHuUe;
refraction - npenomieHue, pe@paxius;

retina — ceTJaTka,;

S
spermaceti — ciepMarer;

sulphur — cepa;

T
tungsten - Bonbdpam, W;
transparent — mpo3pavyHbIi, CBETONPOHULIAEMBIN;

twisting - 3aKpy4HBaHueE;

U

unconceivably - HEBO0OOpa3uMo, HEMTOCTHKUMO;

A\

virtual focus - MEUMBII QOKYC;
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W

wedge-shaped - kiMHOOOpa3HbBINA, KIMHOBUTHBIN.

4.2 List of abbreviations from the texts

cgs (centimetre-gram-second) - canTuMeTp-rpamm-cekynaa (cucrema CI'C)

cm (centimeter) - CAHTUMETP, CM;

cp (candle power) — MOIITHOCTh CBEUEH;

deg (degree) — rpanyc;

etc. (et cetera) - U Tak janee;
ft (feet) — dyr;

gm (gram) - rpamm, T;

hr (hour) — yac;

1.e. (id est) - TO ecTh;

in. (inch) — maroiim;

kg (kilogram) - kunorpamm

Ib per sq in (pound per square inch) - GyHT Ha KBaJpaTHBIN JIOWM;

m (metre) — MeTp;

mi (mile) — mus;

mi/hr (mile per hour) — Mmuib B yac;
min (minutes) — MUHYT;

mph (miles per hour) - Musb B yac
sec (seconds) — CEKyH;

sq — (square) — KBajapar;

viz. (videlicet) - To ecTb; a UMEHHO (BCIyX 0OBIYHO yMTaeTcs namely);

yd (yard) — sipa.
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