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ens mocobust — obecmednTh yCaoBUSA i (POPMHUPOBAHMS
HEOOXOINMOM SI3BIKOBO, PeYeBOl W COMUOKYIbLTYPHOH KOMITETEH-
IUH, NO3BOJAIONIEA B JaJjbHEHIIEeM HCIOJAb30BATh AHIJIMACKHUI
SA3BIK KAK CPEJICTBO IS YIOBJIETBOPEHUS MIPEXKIE BCEro mpodeccu-
OHAJIBHBIX TIOTPEOHOCTEH B OOJIACTH YTEHWS, TOBOPEHHUS W MHUCHMA.
OHO MOXKEeT OBITh HCIOIB30BAHO HA, BAHATUSX CO CTYIEHTAMHU U
ACHUPAHTAMU, BJIQJICIONIUMU AHIVIMUCKUM A3bIKOM Ha YDOBHE HeE
amke intermediate.

Cmpyxmypa nocobus. Ilocobue cocrour u3 [AByX dacreit
(Part One u Part Two), KaxKmas W3 KOTODBIX MNOAPA3IE/IIETCS
ua ypoku (Units) u composoxknaerca npusioxkenuem (Appendix).
B kauecTBe TEKCTOBOW OCHOBBI UCIOJIH30BAHBI B OCHOBHOM OTDBIB-
KU crareil U3 HAy9IHO-TOIMYJISPHOro KypHasa Scientific American
(1999-2009 rr.). Ilepsas wacrs (Part One, Units I-VIII, Appendix)
MOCBAIIEHa HEKOTOPHIM BOMPOCAM MEXaHUKH, TOTIA KaK BO BTOPON
gacru (Part Two, Units IX-XV, Appendix) paccmarpuBarorcs
HEKOTOPBIE BOMPOCHI MATEMATHKU. XOYETCS HAIEATHCS, YTO ITOT
Marepuas Oylder WHTEPECEeH, MOCKOJbKY CTATbH ITOCBAIIEHBI AK-
TYaJbHBIM HAYYHBIM HCCJIEJOBAHUSAM W HAIUCAHBI W3BECTHBIME
CIENUAJUCTAMA B CBOel 00iacTu. 910 0OCTOATENbCTBO, € HAIei
TOYKM 3DEHWS, CBHUIETEIHLCTBYET O MMO3HABATEILHON IEHHOCTH
TekcToB. OIHAKO YTEHHWE B JAHHOM MTOCOOHMM PACCMATPUBAETCS HE
MPOCTO KaK CIOCOD TOJIyIeHUs HeoOXOAuMO#M uH(MDOPMAIUH, 9TO
caMo TI0 cebe BayKHO, HO U KaK CPeacTBO (POPMHUPOBAHUS CMEXKHBIX
SIBBIKOBBIX W PEYEBBIX HABBIKOB M yMeHHil. MHOroserauit ombIt
00ydYeHUsl CTYIEHTOB W ACMHUPAHTOB CBUIETEIHLCTBYET O TOM, UTO
«UYTEHHUE TO3BOJISIET YUALITAMCS OTUMU3UPOBATE MPOIECC YCBOCHUST
SI3BIKOBOTO U PEUEBOr0 MaTepHasas .

Kaxmpiii ypok (Unit) Briouaer nekcuky 3toro ypoka (Word
Combinations, Vocabulary Notes, Key Terms), TpenupoBoutbie
yIPaXKHEHHUsI, TEKCThI HA AHTHICKOM U PYCCKOM $I3bIKAX, KPATKYTO
uuadopMaImio 00 aBTOpax 3TUX TEKCTOB. llpemmosaraercs, ecau
WHOE He OrOBOPEHO, OecrepeBoanoe urerue. [Iposepka MOHUMAHUS
MPOYNUTAHHOTO OCYIIECTBJIAETCS C MOMOINBIO OTBETOB HA BOIPO-

IE.H. ConoBoBa. MeTomuka 0oO0yueHHs HHOCTDAHHBIM S3bIKAM. Ba30BEIi
Kypc Jseknuit. — M.: [Ipocsemenne 2002, c. 141.
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col (Comprehension Exercises) u auckyccum 1[0 COIEPKAHUIO.
K mepeBomy ke pekoMeHIyercs Mpuberarb JIMIb B OTAETbHBIX
ciydasix (CM. BbIIEJIEHHBIE IIPEJIOKEHHs ). DTO CJelyeT IeaTh
TOT/Ia, KOTJA MbI CTAJKABAEMCS C TAKUMHU S3BIKOBBIMU SIBJICHUSIMU,
KOTOPBIE BBI3BIBAIOT TPYAHOCTH Y PYCCKOSI3BIYHBIX CTYAEHTOB. s
TOTO, 9TOOBI CHITH 9TH TPYAHOCTU U MPOSICHUTH CUTYAIWIO, pa3pa-
boraHa CECTeMa yIpayKHeHWH, HEKOTOPbIE U3 KOTOPBIX COAEpIKaT
HeoOxoauMbIit kKomMmMeHTapuii. [Ipu 3ToM yuuThIBaeTCs TakKe U
YACTOTHOCTh TOTO MJIM MHOTO SIBJICHWS, MPECIeysT TPAKTUIECKYTO
11e71eC000PA3HOCTH COOTBETCTBYIOMIETO YITPAYKHEHNS.

Pasnen Vocabulary Notes cocraBmen ¢ wuCTOI30BAHUEM
Macmillan English Dictionary for Advanced Learners u Oxford
Advanced Learner’s Dictionary ¢ 1nesipio IOMOYbL CTyJIeHTaM Ha-
yUIuThCs paboTaTh C TOJKOBBIME AHTJIO-AHDTHACKAMEA CJIOBAPIMHU,
KOTOpbIE CHAOXKEHBI HEe TOJbKO JAeMUHWIMSIMHU CJIOB, HO U JIAIOT
Mpe/ICTaBJIeHNEe O COYETAEMOCTH CJIOB B AHTVINHCKOM $I3bIKE W pac-
CMATPUBAIOT OCOOEHHOCTH UX yHOTPEDJIEHHS. DTO MO3BOJIUT IIPe-
[y IPEINTH OMUOKY ¥ MUHUMHU3UPOBATH sBJIEHHE HWHTEP(hEpeHnm,
T.6. OTPUIATETHLHOIO BJIMSHUS POTHOIO S3bIKA HA (DOPMHUPOBAHKE
COOTBETCTBYIOIINX S3BIKOBBIX M PEUEBBIX HABBIKOB.

Bosbitioe BHUMaHne B MOCOOMHU YIEIAETCS PA3BUTHIO HABBIKOB
roBopenusi, B 9acTHoCcTH B paszaene Conversational Practice, korma
HA 3aHITUU MOJEIUPYETCS PEATIbHAS CUTYAIMs ODIIEHUST, TTPOBOIIH-
PyIOIIasi MBICTUTEIbHYIO JesITeIbHOCTh B paMKaX MpOOIeMaTHKH,
3aTPOHYTOM B MPOYNUTAHHBIX TEKCTaX. KOMMYHUKATUBHBIMHU TI0 CO-
JIEPYKAHUIO SIBJISIOTCS TAKKe U YIPAXKHEHUST HA MMUCHMO, TIPE/ITOIa~
raiomiye Hamucanue pedepaToB, MUHU-TOKJIAI0B U T.JI. 3aKpere-
HUIO JIEKCHKH yPOKA CIOCODCTBYET yIPaskHEHNE Ha [EePeIady CoJep-
JKaHUs TMO-aHIJIHHACKH PYCCKOTO TEKCTA, TEMATHIECKH CO3BYYHOTO C
OCHOBHBIM TEKCTOM yPOKA.

B npusioxkennn (Appendix) mpeacTaBieHbl TEKCTHI U3 TI€PUOIH-
YeCKMX JKYPHAJIOB, KOTOPBIE TTPeTHAZHAYMEHBI /1JIsT CAMOCTOSATETHHON
pabOThI CTYIEHTOB.

Bripaxkaem HCKPeHHIO0 6,1ar0IaPHOCTD PEIEH3EHTY MOCOOMST —
IoKTOpYy dunonorndecknx Hayk, npodeccopy E.B. fxkosaesoit, a
rakxke FO. B. I'puropseroit, P. FO. Porosy u A. A. CaBuenko 3a no-
MOIITh, OKA3aHHYIO TIPH MOJTOTOBKE 1TOCOOUS K TeYaTH.
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Unit 1

Text I

WAS EINSTEIN RIGHT??

Unlike nearly all his contemporaries, Albert Einstein thought quantum
mechanics would give way to a classical theory. Some researchers nowadays
are inclined to agree

by George Musser

THE AUTHOR

George Musser exists in a quantum superposition of staff writer and
staff editor.

Word Combinations

to doubt smb’s greatness to supersede a theory

to make an effort/redouble one’s effort  to overcome limitations

to eclipse one’s scientific rationality in the pursuit of a theory

to walk down the same road to offer a reason for smth

to yield to a fundamental theory compelling conceptual
foundations

28cientific American, September 2004, pp. 88-89



Anzaudickul A3ol% OAL METAHUKOS U MAMEMAMuKos (wacmo I)

a theoretical framework

to be a matter of time

to be the first to do smth
to fail to do smth

to provide a way to do smth
to trigger a collapse

the idea derives from

to exceed the limit

an obvious response to smth
hidden variables

to obey the law

to look random

to propose doing smth

not to mention

the randomness of smth
a coin toss

rather than the other way round
to handle a problem

I Read the questions and find answers in the text that
follows.

1. What does Einstein’s idea of a unified theory suggest?
2. What are the pros and cons of the quantum theory as a
framework of the unified theory?

Einstein has become such an icon that it sounds sacrilegious to
suggest he was wrong. Even his notorious “biggest blunder” merely
reinforces his aura of infallibility: the supposed mistake turns out
to explain astronomical observations quite nicely [see “A Cosmic
Conundrum,” by Lawrence M. Krauss and Michael S. Turner, p.71].
But if most laypeople are scandalized by claims that Einstein may
have been wrong, most theoretical physicists would be much more
startled if he had been right.

Although no one doubts the man's greatness, physicists wonder
what happened to him during the quantum revolution of the 1920s
and 1930s. Textbooks and biographies depict him as the quantum’s
deadbeat dad. In 1905 he helped to bring the basic concepts into the
world, but as quantum mechanics matured, all he seemed to do was
wag his finger. He made little effort to build up the theory and much
to tear it down. A reactionary mysticism — embodied in his famous
pronouncement, ‘I shall never believe that God plays dice with the
world” — appeared to eclipse his scientific rationality.

Estranged from the quantum mainstream, Einstein spent his final
decades in quixotic pursuit of a unified theory of physics. String
theorists and others who later took up that pursuit vowed not to
walk down the same road. Their assumption has been that when the

10
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general theory of relativity (which describes gravity) meets quantum
mechanics (which handles everything else), it is relativity that must
give way. Einstein's masterpiece, though not strictly “wrong”, will
ultimately be exposed as mere approximation.

COLLAPSING THEORIES

In recent years, though, as physicists have redoubled their efforts
to grok quantum theory, a growing number have come to admire
Einstein's position. “This guy saw more deeply and more quickly
into the central issues of quantum mechanics than many give him
credit for”, says Christopher Fuchs of Bell Labs. Some even agree
with Einstein that the quantum must eventually yield to a more
fundamental theory. “We shouldn't just assume quantum mechanics
is going to make it through unaltered,” says Raphael Bousso of the
University of California at Berkley.

Those are strong words, because quantum mechanics is the
most successful theoretical framework in the history of science. It
has superseded all the classical theories that preceded it, except for
general relativity, and most physicists think its total victory is just
a matter of time. After all, relativity is riddled with holes — black
holes. It predicts that stars can collapse to infinitesimal points but
fails to explain what happens then. Clearly, the theory is incomplete.
A natural way to overcome its limitations would be to subsume it in
a quantum theory of gravity, such as string theory.

Still, something is rotten in the state of quantumland, too. As
Einstein was among the first to realize, quantum mechanics, too,
is incomplete. It offers no reason for why individual physical events
happen, provides no way to get at objects’ intrinsic properties and
has no compelling conceptual foundations. Moreover, quantum theory
turns the clock back to a pre-Einsteinian conception of space and time.
It says, for example, that an eight-liter bucket can hold eight times as
much as a one-liter bucket. That is true in everyday life, but relativity
cautions that the eight-liter bucket can ultimately hold only four times
as much — that is, the true capacity of buckets goes up in proportion
to their surface area rather than their volume. This restriction is known
as the holographic limit. When the contents of the buckets are dense

11
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enough, exceeding the limit triggers a collapse to a black hole. Black
holes may thus signal the breakdown not only of relativity but also of
quantum theory (not to mention buckets).

The obvious response to an incomplete theory is to try to complete
it. Since the 1920s, several researchers have proposed rounding out
quantum mechanics with “hidden variables.” The idea is that quan-
tum mechanics actually derives from classical mechanics rather than
the other way round. Particles have definite positions and velocities
and obey Newton's laws (or their relativistic extension). They appear
to behave in funky quantum ways simply because we don't, or can't,
see this underlying order. “In these models, the randomness of quan-
tum mechanics is like a coin toss,” says Carsten van de Bruck of the
University of Sheffield in England. “It looks random, but it's not really
random. You could write down a deterministic equation.”

IT Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

IIT Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

to alter — (verb) 1. to make smth or smb different; 2. to become
different

to caution — (verb) to warn; caution (noun) — careful thought to
avoid risks or danger

to compel — (verb) to force smb to do smth; compelling — (adj.)
1. interesting or exciting enough to keep your attention completely;
2. able to persuade smb to do smth or persuade them that smth is
true — compelling evidence, compelling conceptual foundations

to depict — (verb) to describe smb or smth using words or pictures,
to portray; depiction — (noun) portrayal

to embody — (verb) 1. to be the best possible example of a particular
idea, quality or principle; 2. to include smth; embodiment (noun)
estranged (adj.) — alienated — feeling that you don’t belong to a
particular society; estrangement (noun)

to grok — (verb) to look into the problem closely

12
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funky — (adj.) fashionable in a way that is unusual and shows a
lot of imagination

inclined to do smth — (verb) to feel like doing smth (e.g.: I am
inclined to agree with you)

infallible (adj) — impeccable — not capable of making mistakes;
infallibility (noun) — impeccability

an issue — (noun) 1. an argument, an important topic for
discussion; 2. publication of a special edition

notorious (adj.) famous for smth bad; — notoriety (noun) bad
glory

a pronouncement — (noun) an official public statement

pursuit — (noun) of smth — the action of looking for or trying to
find smth, a quizotic pursuit — (noun) the ideas that are quixotic
are not practical and usually do not succeed (Don Quixote); to
pursue — (verb) to follow a course of actions

to reinforce — (verb) to make an idea, belief or feeling stronger
(e.g.: the latest figures reinforce the view that economic growth is
slowing); reinforcement — (noun) the process of reinforcing smth
to riddle — to make many holes in smth: to be riddled with bullets;
to be riddled with mistakes

sacrilegious — (adj.) not showing respect for a holy place, idea etc;
sacrilege (noun)

to scandalize — (verb) to shock smb by doing smth they consider
is not, proper or immoral

to startle — (verb) to make a person feel suddenly frightened or
surprised by smth; startled — (adj.) frightened or surprised by
smth

to subsume in/into smth — (verb) to include smth in a particular
group

to supersede — (verb) to replace

to underlie — (verb) to be a real or basic cause of or reason for
smth

to vow — (verb) to pledge, to swear, to promise, to declare smth
solemnly; a vow — (noun)

to wonder — (verb) to think about smth, because you want to
know more facts about it

to yield — (verb) to produce smth useful such as information or

13
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evidence (e.g.: the search for truth is beginning to yield fruitful
results/benefits); to yield to smth — to finally agree to do what
someone else wants you to do (e.g.: to yield to smb’s demands —
to stop opposing smb or smth); to bend or break under pressure;
yield — (noun)

Mind the difference between the two words: to be successful
(e.g.: Quantum mechanics is the most successful theoretical
framework in the history of science) — to achieve smth you
attempted to do; successive (e.g.: He remains champion for the
six successive years) — coming or happening one after another
in a series; a concept (e.g.: He can’t grasp the main concepts of
mathematics) — an idea of smth that exists; a conception (e.g.:
His conception of the world is very unusual and strange) — a belief
about what smth is like.

IV Comprehension Exercises

Answer the following questions.

1. What are most laypeople scandalized by?

2. How do textbooks and biographies depict Einstein during the
quantum revolution of the 1920s and 1930s?

3. How will you interpret Einstein’s famous pronouncement: “I
shall never believe that God plays dice with the world”?

4. Why does the author of the article call Einstein’s efforts to
create a unified theory of physics quixotic?

5. What has been the assumption of string theorists as to which
theory must give way?

6. How has the situation recently changed?

7. Why have a growing number of physicists come to admire
Einstein’s position?

8. Why is general relativity considered to be incomplete?

9. We know that quantum mechanics is the most successful
theoretical framework in the history of science. It has
superseded all the classical theories that preceded it except
for general relativity and most physicists think that its total

14
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victory is just a matter of time. Still, quantum mechanics,
too, is incomplete. Will you explain why?

10. What is the idea of “hidden variables”?

V Grammar

1.

You are given a sentence from the text. Find the subject and
the predicate in the principal clause. Translate the sentence.
What part of speech is the subject?

When the contents of the buckets are dense enough, exceeding
the limit triggers a collapse to a black hole.

. Analyze the grammar construction of the following sentences.

It is relativity that must give way.

It was Einstein who suggested a unified theory of physics.
Give your own examples.

Change the following word combinations getting rid of the
Genitive Case.

e.g.: eight liters’ bucket — an eight-liter bucket

five pounds’ note, three miles’ walk, half an hour’s lesson,
six months’ term, three minutes’ talk, five minutes’ walk, two
kilometers’ distance;

. Pay attention to the expression “a number of” always taking

a plural verb unlike its counterpart “the number of”.

e.g.: A large number of people have applied.
e.g.: The number of people applying has increased this year.

a. A considerable number of animals (to die; Pres. Perfect).
b. A number of problems (to arise; Pres. Perfect).

c. The number of books (to be) sufficient.

d. A number of students (to have) part-time jobs.

e. Quite a number of paintings (to be sold; Pres. Perfect
Passive).

f. The number of unemployed people (to go up; Pres. Contin.).

. Translate into Russian.

15
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10.

16

a. The third way to measure the constant is to study entire
clusters of galaxies rather than single galaxies.

b. It is important to invest in new machinery rather than to
increase wages.

c. We want the matter settled sooner rather than later.

d. To explain the known elements, Kelvin asked two colleagues
to list all the hundreds of ways a string could be knotted.
Although elements turned out to be made of atoms rather
than knots, by then mathematicians were hooked on knot
theory.

The verbs to seem, to look, to appear, to sound, to feel
are followed by an adjective (not by an adverb): to sound
sacrilegious, to seem probable, to appear evident, to feel
confident, to look nice. Make up sentences of your own.

Give the three forms of the verbs: to underlie, to take, to tear,
to bring, to break, to give, to make, to feel, to overcome.

Comment on the use of tenses:

Unlike nearly all his contemporaries, Albert Einstein thought
quantum mechanics would give way to a classical theory. Some
researchers nowadays are inclined to agree.

Translate the following sentences into Russian. Explain the
use of the corresponding grammar constructions. Make up
sentences of your own.

a. Einstein may have been wrong.
b. Most theoretical physicists would be much more startled if
he had been right.

suggest
We demand + Gerund or Subjunctive Mood
insist
propose

C.

e.g. Einstein suggested that the unified theory (should) be
derived.

Complex Subject — the Nominative with the Infinitive — with
the predicate expressed by the verbs to appear, to chance, to
happen, to seem, to turn out, to prove is used in the Active
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11.

12.

13.

Voice only. Use the subordinate clause instead of Complex
Subject.

a. The Earth seems to be flat.

b. Fermat appears to have known a proof before 1683.

c. The famous ancient construction problems proved to be
unsolvable.

d. Gauss happened to visit the University of Helmstedt in
1798 where he found that his fame had preceded him.

e. Light from a receding body appears to be of longer wave-
length (i.e. redder) than it does from a stationary object.
Fill in the necessary prepositions. If necessary consult the
text.

a. But if most laypeople are scandalized ... claims that
Einstein may have been wrong, most theoretical physicists
would be much more startled if he had been right.

b. Some even agree with Einstein that the quantum must
eventually yield ... a more fundamental theory.

c. Quantum theory turns the clock back ... a pre-Einsteinian
conception of space and time.

d. Although no one doubts the man’s greatness, physicists
wonder what happened ... him during the quantum
revolution of the 1920s and 1930s.

e. After all, relativity is riddled ... holes — black holes.

f. The obvious response ... an incomplete theory is to try to
complete it.

Which words can be used together in phrases?

much more wrong
little (much)  dense

strictly effort
quite startled
enough nicely

Try to recollect how these phrases are used in the text.

To build up the theory. .., his scientific rationality. . ., Einstein’s
masterpiece..., a growing number have come..., the most
successful theoretical framework. .., just a matter of time.. .,

17
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fails to explain..., particles have definite positions..., the
randomness of quantum mechanics. . ..

VI Phrasal Verbs and Idioms

to tear smth down — to bring down, destroy, demolish

to take up a pursuit — to catch up, to pick up, to intercept an idea
to make it through — not to die of a serious illness or an accident,
to survive

to round out — to make smth more thorough or complete, to bring
to perfection

to trigger off smth - to make smth happen suddenly, usually smth
bad

to build up a theory — gradually understand and create a theory
to bring into the world — to cause smb or smth to be involved in
smth

to turn the clock back — to reverse time

to go up in proportion — to increase

to give way to — to yield to

to give smb credit for smth — to honour smb, to say or believe that
smb is responsible for smth that has happened, especially smth
important or successful

VII Exercises

a. Give English equivalents to the following words and word
combinations.

nHTEepecoBaTbCAd 9TUTHb KOIr'O-TO 3a 9TO-TO

yCTyIaTh JOPOTY soburenu, HempodeccrnoHasl,
AnJI€TaHThL

CTPYKTyPa, paMKa TTOHKUXOTCKUE TeJTN

IIPeCc/Ie0BATh LejIb CLIOpHBI  Bompoc/mpeamer  06-
CYXKIIeHUA

BBIIIYCK I'a3€Thbl HE C4uTad, He roBOpd yXK O...

BKJIIOYATh JypHast CJIaBa

18
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KOHIILYHCTBO
ybeauTebHOe CBUETEIHCTBO

IIOHATUE
3aMEHUTH
BKJ/JIIOYUTDH B
rpymy
KJIACTHCA
aypa HeroTrPemnMOCTH

6BITB CKJIOHHBIM 9YTO-TO CIEJIaTh

OIIpeIe/IeHHY IO

MIPEICTABICHNE
odunmaabHOe MyOIUIHOE 3asB-
JieHue

meaesp

I/I3peHleTI/ITb YgTOo-TO

6BITI) OTLIy)K,I[eHHbIM

BOILJIONIATh; BOILJIOIIEHWE
INOAYINHUTHCA 3aKOHY

b. Give synonyms to the following words.

to pledge

to caution
to declare
to honour
to expose
to be aware
to predict
to supply
to embody
to follow a course of activity
to describe
to handle
to destroy
to overcome

to include

to unite

to replace

to yield to

to introduce
to prove to be
intrinsic
finally

an argument
impeccable
surprised

a breakdown
a mistake
convincing results

c. Give antonyms to the following words.

complete static

to appear to resist
to be aware to expose
to build up  to unite
to increase  inclined
mature simple

d. Match a phrasal verb in the left column with its equivalent

in the right one.
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1. to tear it down a. to survive

2. to round out b. to destroy, to demolish

3. to make it through c. to make smth more thorough
or complete

4. to turn out d. to reverse time

5. to bring smth into the world e. to create

6. to build up f. to increase

7. to take up (a pursuit) g. to prove to be

8. to go up in proportion h. to cause smth to be involved
in smth

9. to turn the clock back i. to catch up, to pick up a

course of action

VIII Key Terms

STRING THEORY — according to String Theory, the laws of
physics that we see operating in the world depend on how extra
dimensions of space are curled up into a tiny bundle. A map of
all possible configurations of the extra dimensions produces a
landscape wherein each valley corresponds to a stable set of laws.
The entire visible universe exists within a region of space that is
associated with a valley of the landscape that happens to produce
laws of physics suitable for the evolution of life

THEORETICAL LANDSCAPE populated with an array of
innumerable possible universes is predicted by string theory. The
landscape has perhaps 10500 valleys, each one of which corresponds
to a set of laws of physics that may operate in vast bubbles of
space. Our visible universe would be one relatively small region
within one such bubble. (Overview of the String Theory Landscape
by R. Bousso and J. Polchinski)

THE GENERAL THEORY OF RELATIVITY — Einstein’s theory
of the universe which states that all motion is relative and treats
time as a fourth dimension related to space

QUANTUM MECHANICS (Quantum Theory) — a theory or
system based on the idea that energy exists in units that cannot
be divided. Quantum (pl. quanta): 1. a very small quantity of
electromagnetic energy; 2. a quantity of smth, especially a very
small one
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A TRIGGER — a small device that releases a spring when pressure
is applied. To trigger off smth — to be a cause of a sudden often
violent reaction

A COIN TOSS — an action of throwing a coin into the air in order
to decide smth by chance according to which side is facing upwards
when it lands (playing dice; a die - dice)

A FRAMEWORK — a structure giving strength and support
to smth; a set of principles or ideas used as a basis for one’s
judgements, decisions, etc. (Oxford Advanced Learner’s Dictionary)
A HOLOGRAPH — a kind of a picture that is three-dimensional
(doesn’t look flat)

A BLACK HOLE — an area in outer space where the force of
gravity is so strong that light and everything else around it is
pulled into it.

IX Conversational Practice

Agree or disagree with the statements. Justify your choice. Add
some sentences to develop your idea. Use the introductory phrases.

Right it is. Quite so. I am afraid, it is wrong.

Absolutely correct. On the contrary. Far from it.

I quite agree. I come along Excuse me, but...Not at all.

with you.

What I mean to say is. .. Not quite so. My point is
that. ..

I think, it is right. It is not the case.

In a sense, it is true. Just the other way round. It
is unlikely. There is one more
point.

I share this viewpoint.

1. Albert Einstein thought that a classical theory would give
way to quantum mechanics.

2. Einstein has become such an icon that it sounds sacrilegious
to suggest he was wrong.

3. Even his notorious “biggest blunder” merely reinforced his
aura of infallibility (see Text IT — A Cosmic Conundrum).

21



Anzaudickul A3ol% OAL METAHUKOS U MAMEMAMuKos (wacmo I)

10.

11.

12.

. Most laypeople are not scandalized by claims that Einstein

may have been wrong.

In 1905 he helped to bring the basic concepts into the world.
He made much effort to build up the theory.

Estranged from the quantum mainstream, Einstein spent his
final decades in quixotic pursuit of a unified theory of physics.
String theorists and others who later took up that pursuit
vowed to walk down the same road.

In recent years a growing number of physicists have come to
admire Einstein’s position.

Quantum mechanics is the most successful theoretical
framework in the history of science. Most physicists think
that its total victory is a matter of time. Relativity is riddled
with holes — black holes. The theory is incomplete. A natural
way to overcome its limitations would be to subsume it in a
quantum theory of gravity, such as string theory.

Quantum theory turns the clock back to a pre-Einsteinian
conception of space and time. Quantum theory says, that an
eight-liter bucket can hold eight times as much as a one-liter
bucket.

Several researchers have proposed rounding out quantum
mechanics with “hidden variables”.

Reconstruct the text Was FEinstein Right into a dialogue. One of
the interlocutors stands for the viewpoint of Einstein’s proponents,
the other supports the viewpoint of quantum mechanics advocates.
Interrupt your partner if you don’t agree. Write questions and
correct answers.

X Writing

Outline the main ideas and write an abstract (a brief and concise
summary) of the text.

a.

b.
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outlines the developments of..., gives an overview, renders
etc.

c. The principle part must not exceed 8-10 sentences generalizing
the main idea of the text in a logical sequence.

Text 11

Read and translate an abstract from the article A Cosmic
Conundrum by L.M. Krauss and M.S. Turner. Outline the
main ideas and summarize the text.

A COSMIC CONUNDRUM?

A new incarnation of Einstein’s cosmological constant may point the way
beyond general relativity

by Lawrence M. Krauss and Michael S. Turner

THE AUTHORS

Lawrence M. Krauss and Michael S. Turner were among the first
cosmologists to argue that the universe is dominated by a cosmological
term that is radically different from the one introduced and then
repudiated by Einstein. Their 1995 prediction of cosmic acceleration
was confirmed by astronomical observations three years later. Chair of
the physics department at Case Western Reserve University, Krauss has
also written seven popular books, including The Physics of Star Trek
and the soon-to-be-released Hiding in the Mirror: The Mysterious
Allure of Extra Dimensions. Turner, who is Rauner Distinguished
Service Professor at the University of Chicago, is now serving as
the assistant director for mathematical and physical sciences at the
National Science Foundation.

3Scientific American, September 2004, pp. 71-72
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Word Combinations

the soon-to-be-released book at play

to face a problem to move beyond one’s theory

to be inconsistent with an equation the biggest blunder ever
made

the limited understanding of smth to be convinced that

to counterbalance gravity to allow for smth

to be far from static at a rate of

proportional to smth in the sense that

to abandon a concept to arise from

no matter what its rotation is to single out a direction

In 1917 Albert Einstein faced a confusing problem as he tried to
reconcile his new theory of gravity, the general theory of relativity,
with the limited understanding of the universe at the time. Like most
of his contemporaries, Einstein was convinced that the universe must
be static — neither expanding nor contracting — but this desired
state was not consistent with his equations of gravity. In desperation,
Einstein added an extra, ad hoc cosmological term to his equations to
counterbalance gravity and allow for a static solution.

Twelve years later, though, American astronomer Edwin Hubble
discovered that the universe was far from static. He found that
remote galaxies were swiftly receding from our own at a rate that
was proportional to their distance. A cosmological term was not
needed to explain an expanding universe, so Einstein abandoned the
concept. Russian-American physicist George Gamow declared in his
autobiography that “when | was discussing cosmological problems
with Einstein, he remarked that the introduction of the cosmological
term was the biggest blunder he ever made in his life”.

In the past six years, however, the cosmological term — now called
the cosmological constant — has reemerged to play a central role
in 21st-century physics. But the motivation for this resurrection is
actually very different from Einstein's original thinking; the new version
of the term arises from recent observations of an accelerating universe
and, ironically, from the principles of quantum mechanics, the branch
of physics that Einstein so famously abhorred. Many physicists now
expect the cosmological term to provide the key to moving beyond
Einstein’s theory to a deeper understanding of space, time, and gravity
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and perhaps to a quantum theory that unifies gravity with the other
laws of physics at play, no matter what her orientation (rotation) and
no matter what her velocity (boost). When Lorentz symmetry holds,
spacetime is isotropic in the sense that all directions and all uniform
motions are equivalent, so none are singled out as being special.

I Translate the italicized sentence into Russian. Explain
the grammar construction.

II Look up the new words and answer the following
questions.

a. Why did Einstein add an extra ad hoc cosmological term to
his equation?

b. Why did Einstein consider the introduction of the cosmological
term now called the cosmological constant the biggest blunder
he ever made in his life?

c. What does the new version of the term arise from?

d. What do many physicists now expect the cosmological term
to provide?

IIT Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

To abhor — (verb) to feel disgust for smb/at smth; abhorrent (adj.);
abhorrence (noun)

a blunder — (noun) a mistake

a conundrum — (noun) a riddle, a confusing problem that is difficult
to solve

incarnate (adj. following nouns to give emphasis) in physical human
form: the devil incarnate, virtue incarnate; incarnation — (noun)
the embodiment and symbol of smth; to incarnate — (verb) to be
the human form of a quality or an idea, to personify, to embody
to recede from smth — (verb) to move backwards from a previous
position or away from the observer; recession (noun)

to reconcile — (verb) to find a way to make two or more ideas,
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situations etc., agree with each other when actually they seem to
be in opposition; reconciliation (noun)

to reemerge — (verb) to appear again

to repudiate — (verb) to say formally that smth is not true, to
reject; repudiation (noun)

to resurrect — (verb) to bring smb back to life, to bring smth back
into use

resurrection (noun) — a new beginning

IV Key Terms

(Oxford Advanced Learner’s Dictionary)

AN AD HOC TERM made or arranged for a particular purpose
only, special

A COSMOLOGICAL CONSTANT — quantum mechanics and
relativity, combined with recent evidence of an accelerating
universe, have led physicists to resurrect the cosmological term
that Einstein introduced and later repudiated. But this term now
represents a mysterious form of energy that permeates empty
space and drives an accelerated cosmic expansion. The efforts to
explain the origin of this energy may help scientists move beyond
Einstein’s theory in ways that are likely to change our fundamental
understanding of the universe. (Overview of L.M. Krauss and
M.S. Turner)

AN ACCELERATING UNIVERSE — exceeding the rate of
expansion

A STATIC UNIVERSE — neither expanding nor contracting.
Antonym: a dynamic universe

V Vocabulary Practice

Insert the missing words or word combinations from the active
vocabulary. See key words below.

1. Research is being undertaken in how to ... conservation needs
with growing demand for water.
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10.
11.
12.

13.

14. .

15.

16.

. What is ... ... is the government’s unwillingness to ... the

problem.

This ... theory should be ... by some other theory.

The ancient Greeks ... ... ... posing unsolved
construction problems that challenge mathematicians and
amateurs alike even today.

Galileo had to ... ... demands of Catholic church.

Galileo ... the traditional physics of his time chiefly because
of its tendency to postulate universal laws without paying
close attention to the actual world.

The method involves searching for celestial objects, called

standard candles, whose ... brightness is known.

Einstein’s search for ... ... ... is often remembered as ...
. some physicists’ viewpoint string theory might ... a

promising ... ... for the ... of quantum mechanics, general

relativity and particle physics. ... ... is ... ... ... ...,

I hope we can introduce some ... into these debates.

The existence of gravitational waves hasn’t been ... yet.

In the past six years ... ... ... now called ... ... ... has ...

toplay ... ... ... in the XXI century.

The galaxies are ... ... ... ... ... at a speed of 70 km

per second per megaparsec of distance between them (a
megaparsec is 3.26 m light years).

. Einstein spent his final decades in ... ...
of a umﬁed theory of physics.
Einstein has become such ... ... that it ... ... to suggest
he was wrong.

His... ... ... remained ....
17. ... ... ... to an incomplete theory is to try to ... it.
Since 1920s several researchers have proposed ... ... quan-

18.

19.

tum mechanics with ... ....

The cosmological term now represents a mysterious form of
energy that ... empty space and drives an accelerated cosmic
expansion. The efforts to explain the origin of this energy
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may help scientists ... ... Einstein’s theory to a deeper
understanding of space, time and gravity.

Key words: swiftly receding from each other, reconcile, a central
role, at issue, reemerged, to handle, the cosmological constant,
inconsistent, the cosmological term, superseded, confirmed, are
given credit for, rationality, yield to, a matter of time, repudiated,
intrinsic, total victory, a unified theory, unification, a failure,
theoretical framework, according to, offer, move beyond, estranged
from the quantum mainstream, permeates, quixotic pursuit, hidden
variables, an icon, rounding out, sounds sacrilegious, complete it,
aura of infallibility, the obvious response, impeccable.

VI Render the following text.

OBLWAA TEOPNA OTHOCUTEJIbBHOCTHA

Marepuan us Bukuneguu — cBoGoAHON 3HIMKIIONEIUN

Obuwasn teopusi otHocutensHoctn (OTO) — reomerpuyeckas
TEopusi TArOTEHUS, Pa3BUBAIOLLASA CNELNANLHYIO TEOPUIO OTHOCUTESb-
HocTu, onybnukosaHHas Anbbeptom JiiHwTelivom 8 1915-1916 roaax.
B pamkax OTO, kak n B gpyrux MeTpuMyeckux Teopusix, NOCTyampy-
€TCs1, YTO rpaBUTaLMOHHbIE 3¢pdeKTbI ODYCNOBAEHBI HE CUJIOBbIM B3a-
MMOZEViCTBUEM TE U Noseli, HAXOASALLMXCS B NPOCTPAHCTBE-BPEMEHH,
a gedopmaumeii caMoro npocTpaHCTBa-BpeMEHU, KOTOpasi CBA3aHa,
B 4acTHOCTU, C npucytcTteuem maccol-aHeprum. OTO oTtnuuaercs ot
APYrX METPUYECKNX TEOPUI TArOTEHUS MCMOJb30BAHNEM YPaBHEHUT
JifiHwWTeHA ANs CBA3W KPUBU3HBI NPOCTPAHCTBA-BPEMEHN C MPUCYT-
CTBYIOLLEA B HEM MaTepuei.

OTO B HacTOsILlEE BpeMsi — camasi YCMeLHasi Teopusi, XOPOLIO
nogTeepxaeHHas HabmogeHusamu. lMepewii ycnex OTO cocroan B
obbsicHeHU aHoManbHOl npeueccumn nepurenus Mepkypus. 3aTtem,
B 1919 rogy, ApTyp DAAMHITOH coobwmn o HabaogeHnn OTKJO-
HEHnA CBETa B6J'IVI3VI COJ’IHLI'a B MOMEHT MNOJIHOroO 3aTMEHnsA, 4TO
Ka4yeCTBEHHO W KOAMYECTBEHHO noaTeepauno npegckasadus OTO.
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C Ttex nop mHorue gpyrue HabnOAEHNS N SKCMEPUMEHTbI NOATBEp-
ONUAN 3HAYUTENBHOE KONMYECTBO MNpPEeACKa3aHWiA Teopumn, BKIOYas
rpaBUTaLMOHHOE 3aMejJjleHNe BPEMEHW, FPaBUTALMOHHOE KpacHoe
CcMeLlleHne, 3ap,ep>KKy CNrHana B rpaBnTayMOHHOM nosne n, NnoKa Jnlb
KOCBEHHO, rpaBNTaAalNOHHOE VI3J'Iy‘-IeHI/Ie. Kpome TOro, MHOro4YnciaeH-
Hble HaGmOp,eva MHTepnpeTley|0Tc51 KaK NoATBEPXAEHNA OAHOro
N3 CaMbIX TAWHCTBEHHbIX W 3K30TUYeCKuX npepckaszanHnin OTO —
CYLLECTBOBAHUSA YEpHbIX AblIp.

HecmoTtpsa Ha owenomnsitowmin ycnex OTO, B HayuHom coobuye-
CTBE CyLUECTBYET AUCKOMOPT, CBA3aHHbLIA, BO-NEPBbLIX, C TEM, YTO
ee He ypaetcsi nepedhOpMyNINpPOBaThL KaK KJIaCCUYECKMNIA Npefen KBaH-
TOBOW Teopuu, a BO-BTOPbIX, C TEM, YTO CaMa TeOpuUs YyKasblBaeT
rpaHuupbl CBOeli NPUMEHMMOCTMW, TaK KaK Mpefcka3biBaeT NOsIBAEHUE
HEYCTPaHUMbIX (PU3NYECKNX PACXOAMMOCTeli Npu pacCMOTPEHNN Yep-
HbIX bIP 1 BOODLLE CUHIYNSIPHOCTER NPOCTPaHCTBa-BpeMeHu. [lns pe-
WeHust 3Tux nNpobnem BblN NPEANIOKEH Psif, aNbTEPHATUBHBLIX TEOPWIA,
HEKOTOPLIE N3 KOTOPbIX TaKXKe SABMAOTCS KBaHTOBbIMMN. COBpemMeHHble
3KCNEPUMEHTaIbHbIE AaHHbIE, OIHAKO, YKa3bIBAIOT, 4TO ntoboro Tuna
oTkJIoHeHns oT OTO go0nKHbI BbITE O4EHb MaNbIMU, €CI OHK BOODLLE
CYLLECTBYIOT.
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Text I

THE STRING THEORY LANDSCAPE*!

The theory of strings predicts that the Universe might occupy one random
“valley” out of a virtually infinite selection of valleys in a vast landscape of
possibilities.

by Raphael Bousso and Joseph Polchinski

THE AUTHORS

Raphael Bousso and Joseph Polchinski’s work together began at
a workshop on string duality in Santa Barbara. It grew out of
the synergy between Bousso's background in quantum gravity and
inflationary cosmology and Polchinski's background in string theory.
Bousso is assistant professor of physics at the University of California,
Berkeley. His research includes a general formulation of the holographic
principle, which relates spacetime geometry to its information content.
Polchinski is a professor at the Kavli Institute for Theoretical Physics
at the University of California, Santa Barbara. His contributions
to string theory include the seminal idea that branes constitute a
significant feature of the theory.

4Scientific American, September 2004, pp. 79-81
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Word Combinations

to obtain a theory

the  possibility of  extra
dimensions

to be particularly attracted to
work by smb

to achieve an understanding of
smth

to resurrect and extend an idea
a promising framework for smth
to put forth an idea

to come to play a vital role in
smth
to leave an imprint on smth

to be governed by smth

the underlying mathematical
structure

a feature of a theory

a leading approach to smth

to depend on the geometry of

hidden extra dimensions

experimental and recent to provide a connection
theoretical developments

to fall off inversely proportional
to the square of the distance

to have important indirect
effects

to split the geometry of 5-D
spacetime into three elements
for the theory’s equations to be

mathematically consistent

in effect
to be immersed in spacetime
at least so far

given the success

I Read the questions and find answers in the text that
follows.

1. What was Einstein’s idea formulated by him in 19157
2. What did T. Kaluza and O. Klein propose?

According to Albert Einstein's theory of general relativity, gravity
arises from the geometry of space and time, which combine to form
spacetime. Any massive body leaves an imprint on the shape of
spacetime, governed by an equation Einstein formulated in 1915. The
earth’s mass, for example, makes time pass slightly more rapidly for
an apple near the top of a tree than for a physicist working in its
shade. When the apple falls, it is actually responding to this warping
of time. The curvature of spacetime keeps the earth in its orbit around
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the sun and drives distant galaxies ever farther apart. This surprising
and beautiful idea has been confirmed by many precision experiments.

Given the success of replacing the gravitational force with the
dynamics of space and time, why not seek a geometric explanation
for the other forces of nature and even for the spectrum of elementary
particles? Indeed, this quest occupied Einstein for much of his life.
He was particularly attracted to work by German Theodor Kaluza
and Swede Oskar Klein, which proposed that whereas gravity reflects
the shape of the four familiar spacetime dimensions, electromagnetism
arises from the geometry of an additional fifth dimension that is too
small to see directly (at least so far). Einstein's search for a unified
theory is often remembered as a failure. In fact, it was premature:
physicists first had to understand the nuclear forces and the crucial
role of quantum field theory in describing physics — an understanding
that was only achieved in the 1970s.

The search for a unified theory is a central activity in theoretical
physics today, and just as Einstein foresaw, geometric concepts play a
key role. The Kaluza — Klein idea has been resurrected and extended as
a feature of string theory, a promising framework for the unification of
quantum mechanics, general relativity and particle physics. In both the
Kaluza — Klein conjecture and string theory, the laws of physics that
we see are controlled by the shape and size of additional microscopic
dimensions. What determines this shape? Recent experimental and
theoretical developments suggest a striking and controversial answer
that greatly alters our picture of the universe.

KALUZA-KLEIN THEORY AND STRINGS

Kaluza and Klein put forth their concept of a fifth dimension in the
early part of the 20th century, when scientists knew of two forces —
electromagnetism and gravity. Both fall off inversely proportional to
the square of the distance from their source, so it was tempting to
speculate that they were connected in some way. Kaluza and Klein
noticed that Einstein’s geometric theory of gravity might provide this
connection if an additional spatial dimension existed, making spacetime
five-dimensional.

This idea is not as wild as it seems. If the extra spatial dimension
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is curled up into a small enough circle, it will have eluded our
best microscopes — that is, the most powerful particle accelerators.
Moreover, we already know from general relativity that space is
flexible. The three dimensions that we see are expanding and were
once much smaller, so it is not such a stretch to imagine that there is
another dimension that remains small today.

Although we cannot detect it directly, a small extra dimension
would have important indirect effects that could be observed. General
relativity would then describe the geometry of a five-dimensional
spacetime. We can split this geometry into three elements: the
shape of the four large spacetime dimensions, the angle between
the small dimension and the others, and the circumference of
the small dimension. The large spacetime behaves according to
ordinary four-dimensional general relativity. At every location within
it, the angle and circumference have some value, just like two fields
permeating spacetime and taking on certain values at each location.
Amazingly, the angle field turns out to mimic an electromagnetic
field living in the four-dimensional world. That is, the equations
governing its behavior are identical to those of electromagnetism. The
circumference determines the relative strengths of the electromagnetic
and gravitational forces. Thus, from a theory of gravity alone in five
dimensions, we obtain a theory of both gravity and electromagnetism
in four dimensions.

The possibility of extra dimensions has also come to play a vital
role in unifying general relativity and quantum mechanics. In string
theory, a leading approach to that unification, particles are in actuality
one-dimensional objects, small vibrating loops or strands. The typical
size of a string is near the Planck length, or 10733 centimeter (less
than a billionth of a billionth of the size of an atomic nucleus).
Consequently, a string looks like a point under anything less than
Planckian magnification.

For the theory's equations to be mathematically consistent, a string
has to vibrate in 10 spacetime dimensions, which implies that six extra
dimensions exist that are too small to have yet been detected. Along
with the strings, sheets known as “branes” (derived from “membranes”)
of various dimensions can be immersed in spacetime. In the original
Kaluza-Klein idea, the quantum wave functions of ordinary particles
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would fill the extra dimension — in effect, the particles themselves
would be smeared across the extra dimension. Strings, in contrast,
can be confined to lie on a brane. String theory also contains fluxes,
or forces that can be represented by field lines, much as forces are
represented in classical (nonquantum) electromagnetism.

Altogether the string picture looks more complicated than Kaluza
— Klein theory, but the underlying mathematical structure is actually
more unified and complete. The central theme of Kaluza — Klein theory
remains: the physical laws that we see depend on the geometry of
hidden extra dimensions.

II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

III Vocabulary Notes

(Oxford Advanced Learner’s Dictionary)

to confirm — (verb) 1. to provide evidence or state that a report,
an opinion etc. is true or correct, to establish the truth of smth; 2.
a. to confirm smth, to confirm smb (in smth) — to make smb feel
or believe smth more strongly; 2. b. to make position or agreement
more definite or official; confirmation (noun)

to elude — (verb) 1. to escape smb or smth especially by a clever
trick, to avoid smth; 2. to be forgotten; elusive (adj.) tending to
escape, difficult to find or capture

a feature — (noun) a distinctive characteristic, an aspect; (verb) —
to feature in smth — to have a prominent part in smth; featureless
(adj.) not interesting

to govern (verb) — to control or influence smth or smb, to determine
smth; government (noun) — a group of people governing a country
imprint (noun) on smb or smth — a lasting characteristic mark or
effect; to imprint (verb) — to imprint smth /itself in or on smth a.
to press hard onto a surface, leaving a mark; b. to fix smth firmly
in smb’s mind

a landscape (noun) — all the features of an area that aren’t seen
when looking across it

to permeate (verb) — to spread to every part of smth; permeable
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(adj.) that can be permeated by liquids and gases, porous;
permeability (noun); permeation (noun)

premature — (adj.) 1. happening before the proper or expected
time; 2. premature in doing smth — happening, done, made too
soon: a premature decision/judgement or conclusion

to relate (verb) — to show or make a connection between
two different things; related (adj.) — environmentally related
deseases/closely /directly /intimately related; relation (noun) —
a connection between two or more things or people: to bear no
relation to smth; relative (adj.) — having a particular quality when
compared to smth else; relative to — compared to; relatively (adv.);
relativity (noun)

seminal (adj.) — a seminal piece of writing or music is new and
different and influences other literature or music that comes after
it

synergy (noun) — the extra energy or effectiveness that people or
businesses create when they combine their efforts. Profitability is
expected to benefit from synergies between the two operations

a valley (noun) — an area of land between hills or mountains often
with the river flowing through it

whereas (conj.) — used for comparing two things, people, situations
etc. and showing that there is an important difference between
them; e.g.: whereas knowledge can be acquired from books, skills
must be learned through practice

IV Comprehension Exercises

Answer the following questions.

1. How does gravity arise according to A. Einstein’s theory of
general relativity?
What keeps the earth in its orbit around the sun?
What kind of quest occupied Einstein for much of his life?
Why was Einstein’s search for a unified theory premature?

RN

Why was Einstein particularly attracted to work by T. Kaluza
and O. Klein?
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10.

11.
12.
13.

14.
15.

16.
17.
18.

What concepts play a key role in the search for a unified
theory in theoretical physics today?

What constitutes a promising framework for the unification of
quantum mechanics, general relativity and particle physics?

What directed scientists on the chain of thoughts to speculate
that electromagnetism and gravity were connected in some
way?

Why is the idea of an extra spatial dimension not as wild as
it seems?

What important indirect effects could be observed if a small
extra dimension was proved to exist?

What do particles in string theory look like?

What is the typical size of a string? What does it look like?

What does it imply that six extra dimensions exist that are
too small to have yet been detected?

What else besides the strings can be immersed in spacetime?
According to the original Kaluza-Klein idea what would fill
the extra dimension?

Where can strings be confined to lie?

What other elements does string theory also contain?

What is the central theme of Kaluza-Klein theory?

V Grammar

1.

Give the three forms of the irregular verbs: to split, to seek,
to foresee, to fall, to take, to put, to drive, to leave, to bear, to
keep, to arise, to wind, to spread, to hit, to hide.

Find in the text conditional sentences in the Indicative Mood
and in the Subjunctive Mood. Translate them into Russian.
Pay attention to the difference in grammar constructions.
Give your own examples. Put the verbs given in brackets in
the required form.

The Indicative Mood. Conditionals. Type I. Real Condition.
a. Particles or even worlds of matter (keep) flying through
empty space forever until something (to compel) them

to change their motion.
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b. This law states a fact which can upset many calculations
unless it (to take into account).

c. If a spark (to have) enough energy, an explosion (to be
set off).

d. The fuel material is cooled when it (to pass) down
through the steam generator.

e. The computer enables the user to see text displayed on a
screen, so that words can be revised and reviewed before
they (to be) ever committed to paper.

f. Maxwell was one of the most promising and honoured
molecularists. His device of the “sorting demon” (to be
remembered) as long as the kinetic theory of gases (to
be studied).

g. The results of the experiment (to be published) as soon
as they (to be verified).

The Subjunctive Mood. Conditionals. Type II. Unreal
condition.

a. In the physical world man never (to get) anywhere if he
(not to encounter) resistance on the way.

b. If the Moon, Triton, Pluto and Mercury (to be) all
lumped together, you (to have) a body which (to be)
nearly twice as massive as Mars.

c. If there (to be) no oxygen in the earth’s atmosphere, life
(to be) impossible.

d. In the original Kaluza-Klein idea, the quantum wave

functions of ordinary particles (to fill) the extra
dimension — in effect, the particles themselves (to
be smeared across) the extra dimension.

3. Here are given two pairs of irregular verbs: one of them is
transitive, that is followed by a direct object; the other —
intransitive.

Arise-arose-arisen raise-raised-raised

Lie-lay-lain lay-laid-laid

Give the correct form of the missing verbs in the following
sentences.

a.
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g.

4. Pay

. Electromagnetism ... from the geometry of an additional

fifth dimension.

. Contradictions ... (past tense) due to the lack of

rigorous foundations of set theory.

. The idea of unification of general relativity and quantum

mechanics ... heated debates.

. T. Kaluza and O. Klein ... the foundation of the

geometry of hidden extra dimensions.

. The possibility of extra dimensions ... at the basis of

the possible future unification of the two theories.

The originality of the idea of unification ... in the
attempt to unify incompatible essences.

attention to the difference in using the active and the

passive construction: to make smb do smth — smb is made to
do smth.

Complex Object (The Objective with the Infinitive)

After the verbs: to see, to watch, to hear, to let, to observe, to
feel, to make the particle “to” is not used. Open the brackets
and put the verbs in the correct form.

a.

b.

The force that causes bodies (to fall) to earth is called
gravity.

Heat and cold make all parts of the structure (to expand)
and (to contract).

Some forces tend to make an object’s centre of gravity
(to move) along some line.

Galileo stated that if a body is moving freely in any
direction, something must happen to stop it or to make
it (to change) direction.

Galileo believed the three stars (to belong) to the
number of the fixed stars.

While Galileo was viewing the constellations of the
heavens through a telescope he noticed three little stars
(to shine) brightly near the planet Jupiter. From their
motion he correctly deduced that they travel in orbit
around the planet.
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g. We observe the volume as a given mass of a gas (to
decrease) as the temperature decreases.

h. While making out his weekly pay-roll and coming to the
end of his long computation Gerhard Gauss was startled
to hear his little son (to say): “Father, the reckoning is
wrong”.

i. The earth’s mass, for example, makes time (to pass)
slightly more rapidly for an apple near the top of a tree
than for a physicist working in its shade.

Use Complex Subject instead of the subordinate clause.

a. It is known that light carries energy.

b. It is conjectured that the very centre of the Milky Way
harbours a black hole.

c. It was found that the rings rotate about Saturn at a rate
different from that of the atmosphere of the planet.

d. It is assumed that the nebula has been rotating.

It is said that the molecule has six degrees of freedom.

f. It is unlikely that this method will yield the result
desired.

g. For nearly two thousand years it was believed that all
heavy objects fell faster than light ones.

h. It was acknowledged that the problem was becoming
increasingly urgent.

i. It is asserted that space-time has four dimensions, the
three familiar spatial ones of length, breadth and height,
and time.

j- It is believed that the universe began with the Big Bang.

5. Give degrees of comparison of the following adjectives and
Little good
adverbs. Much bad
Far (two variants) late (two variants)

®

Fill in the correct form of the adjectives and adverbs.
a. Of the two approaches the (late) is (much) promising.
b. On a (much) or (little) intuitive basis, early in the 20th
century the great Henry Poincaré and others built a
fascinating edifice of topological theory.
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. Pluto is one of the (little) known members of the Solar

system.
The two (much) widespread elements in the universe are
hydrogen and helium.

e. The Earth is eight times (much) massive than the Moon.

j-

For (little) values of the coefficients of friction the angles
lie between these extremes.

The device should be put to (good) use.

The (late) achievements in science and technology give
an opportunity for (far) investigations in the field of
molecular physics.

During the (late) century geometry was (far) extended
to include the study of abstract spaces.

Iron is (bad) than copper as a conductor.

6. Fill in the necessary prepositions or adverbs.

a.

According ... Albert Einstein’s theory of general
relativity, gravity arises ... the geometry of space and
time, which combine to form spacetime.

Any massive body leaves an imprint ... the shape ...
spacetime, governed ... an equation formulated ...
Einstein in 1915.

. When the apple falls, it is actually responding ... this

warping ... time.

. The curvature ... spacetime keeps the earth ... its orbit

... the sun and drives distant galaxies ever farther. ...

. Given the success ... replacing the gravitational force

. the dynamics ... space and time, why not seek a
geometric explanation ... the other forces ... nature
and even ... the spectrum ... elementary particles?
Indeed, this quest occupied Einstein ... much ... his
life.

He was particularly attracted ... work by German T.
Kaluza and Swede O. Klein.

. Einstein’s search . .. a unified theory is often remembered

as a failure. In fact, it was premature: physicists had to
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understand the nuclear forces and the crucial role ...
quantum field theory ... describing physics.

i. The laws ... physics that we see are controlled ... the
shape and size ... additional microscopic dimensions.

j- ... the early part ... the 20th century scientists knew
... two forces — electromagnetism and gravity. Both fall

. inversely proportional ... the square ... the distance
... their source.

k. We can split this geometry ... three elements: the
shape ... the four large spacetime dimensions, the
angle ... the small dimension and the others, and the
circumference . .. the small dimension.

1. The large spacetime behaves according ... ordinary
four-dimensional general relativity. ... every location

. it, the angle and circumference have some value.

m. The possibility ... extra dimensions have come to play
a vital role ... unifying general relativity and quantum
mechanics.

n. String theory is a leading approach ... that unification.

o. The typical size ... a string is ... the Planck length,
or 10733 centimeter. Consequently, a string looks like a
point ... anything less than Planckian magnification.

p. Along ... the strings, sheets known as branes (derived

. membranes) ... various dimensions can be immersed
. spacetime.

q. String theory also contains fluxes, or forces that can be

represented . .. field lines, much as forces are represented
. classical (nonquantum) electromagnetism.

r. The physical laws that we see depend ... the geometry

... hidden dimensions.

VI Phrasal Verbs and Idioms

to come across smb or smth — to meet or find smb or smth by
chance

to grow out of smth — to develop from smth or exist as a result
to point smth out to smb — to direct attention to smth
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to relate to smth — to be about smth or connected with smth

to turn out to be smth, turn out that — to be discovered to be
smth /smb, to prove to be: the job turned out to be harder than we
thought

to put forth — to put forth a concept, a theory

to fall off — to decrease in quality or quantity

to curl up — to form or make smth form into a curved shape,
especially so that the edges are rolled up

to take on smth — to begin to have a particular characteristic,
quality or appearance, to assume smth: the chameleon can take on
the colours of its background

to smear smth across/over smth — to spread an oily or sticky
substance (e.g.: paint, mud, grease) on smth or smb in a rough
and careless way

to drive further apart — 1. to force smth to move in a particular
direction; 2. (of wind, water) to carry smth along; to drive smth off
— to force smth away

it is not such a stretch to imagine — easy to imagine

VII Exercises

a. Give English equivalents to the following words and word
combinations.

MIOATBEPKIATD MIOUCK eJUHOI Teopuu

TTOTPyKaTh pacKajbIBaTh

MTPOHUKATH MPUOINKATHCS

YBEJININBATH MeIbYaITe BUOPUPYIOIINE MeT-
JIA WA TIPSR

[IPeICTABIIATH IPOTUBOPEYINBAs TUIOTE3A

IPEeJIBU/IETH YCIIOXKHATH

HUCKYIIATh OCTaBUTH CJIEI,

Pa3MBITIIATH n3beraThb

YCKOJIb3aTh BOCKDeIIaTh

IPEKIEBPEMEHHOE IPEJIOKe-  MHOTOODeIIAIoNasi CTPYKTYPa

HUe

b. Give Russian equivalents to the following words and word
combinations.
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to respond
to leave an imprint
so far

in contrast
slightly
virtually

a flux

in actuality

the quantum wave functions
of ordinary particles

an additional spatial
dimension

experimental and theoretical
developments

particle accelerator

a circumference

an atomic nucleus

an angle field

ordinary 4-D general
relativity

c. Give synonyms to the following words.

to control
to distort
additional
to fill
inconsistent
to link

a search for
to restrict
to escape
to define

to play a key role

to choose
to account for
to guess

to discover
to imitate
to assemble
to revive

to calculate
similar

a conjecture
strength

d. Give antonyms to the following words.

to attract
natural

to remember
powerful
permeable
to hide

familiar
dependent
controversial
simple

to unite

e. Match a phrasal verb in the left column with its equivalent
in the right one.
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1. to point out a. to force smth to move in
different directions

2. to fall off b. to prove to be

3. to curl up c. to assume

4. to take on d. to produce

5. to turn out e. to decrease

6. to drive apart f. to roll up

7. to grow out of g. to meet

8. to relate to h. to spread an oily substance
on smth

9. to come across i. to be connected with

10. to put forth j- to direct attention

11. to smear across k. to develop

VIII Vocabulary Practice

Replace the Russian words and word combinations in the sentences
given below with their English equivalents.

1.

Every massive body (ocrasisier ornedarok Ha) the shape
of spacetime, (KOHTPOJIMPYEMOrO ypaBHEHHEM, KOTODOE)
Einstein (cdopmymuposas) in 1915.

. The curvature of spacetime (yaepxusaer 3emio Ha ee Op-

6ure) around the sun and drives (masekue rajakTuku ere
nmanbine). This (snoxanbaas) idea has been (moxreepxena
MHOTHME TOYHBIMA IKCIIEPUMEHTAMH ).

(B To Bpems, kak) gravity (orpaxaer) the shape of
the four (3HakOMbIX H3MepeHuUil IPOCTPAHCTBA-BPEMEHH),
electromagnetism (Bosuukaer u3) the geometry of an (mo-
nonunresnbroro) fifth dimension that is too small to see
(HEemoCPEeICTBEHHO, MO Kpafinel Mepe 0 CUX mop).

(TTouck DitumTeiiHoM eauuoil Teopun) was (IpPexkKIeBpPEMEH-
ubiM). Physicists first (101K HbI ObLIM OHATD sIEPHBIE CUIIBL
u pematomee 3uadenue) of quantum field theory (B omnuca-
Huu (PU3UKU — IIOHUMAHUE, KOTOPOe ObLIO JAOCTUTHYTO) in
the 1970s.

. Kaluza-Klein idea has been (Boccranosyiena u pacumpena) as

(ocobennocts) of string theory.
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6.

10.

11.

12.

13.

14.

15.

16.

17.

18.
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Kaluza and Klein (BbLaputysnu cBoe MoHsiTUE ATOrO U3MeEpe-
Hus B Hadase XX Beka) when scientists knew of two forces —
electromagnetism and gravity.

Both (ymenbmatorcs) inversely proportional to the square of
the distance from their source.

It was (3amMaH4YMBO MPEAONOKNTE) that they were (cBsizanb!
KaKHM-TO 00pa3oM).

Kaluza and Klein noticed that Einstein’s geometric theory of
gravity might (o6ecneuunrs 31y cBa3b) if an additional spatial
dimension existed, making spacetime five-dimensional.

(He TpyumHo cebe npexacraBurh, 4r0 CylnecTByer) another
dimension that remains small today.

(OkasbiBaercs, yryioBoe moje momobuo) an electromagnetic
field living in the four dimensional world.

The equations (ynpasssrtomiue) its behaviour are (umenTudnb
YPABHEHUSAM 3JIEKTPOMATHETU3MA).

Thus, (U3 omHO#I TOMBKO Teopuu rpasuTanuu) in five
dimensions, we (mosyuaem Kak) a theory of (rpaBuraruu,
TaK u ssnekrpomaruerusma) in four dimensions.
(BosmoxkHocrs cymiecrBoBanust) of extra dimensions (Takzxke
CTaJla UrpaTh YPE3BBHIYAIHO BaXKHYIO POJIb B O0HEINHEHUN )
general relativity and quantum mechanics.

(dys Toro, 4ToObl ypaBHEHUS TEOPUU OBLIM MATEMATHICCKA
noc/e1oBaTeNbHbI) a string (moskaa BEUOpUPOBATH) in ten
spacetime dimensions, which (noagpasymesaer) that six extra
dimensions exist that are too small (urob6bl y2ke 6biTh 06HA-
PYKEHHBIMH).

(Hapsay co crpynamu), sheets known as “branes” of various
dimensions can be (momernensr) in spacetime.

Altogether the string picture (BoiryisiAuT GOJIEe CIIOKHOW,
gem) Kaluza — Klein theory, but (sexkamas B ee ocHose
mMareMaruyeckas crpykrypa) is (dakruyecku) more unified
and complete.

Although we cannot (obuapyxxurh) it directly, a small extra
dimension (nMesno GBI BayKHBIE KOCBEHHBIE BO3/elicTBus) that
could be observed. General relativity (Torma onuceiBao 6bi)
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the geometry of a 5-D spacetime.

IX Key Terms

(Chambers Dictionary of Science and Technology)

THE CURVITURE OF SPACE-TIME — warping

PRECISION EXPERIMENTS — experiments conducted with very
accurate instruments or tools, designed for very accurate work,
measurements etc

THE SPECTRUM OF ELEMENTARY PARTICLES — a complete
and wide range of related qualities of different types of tiny pieces
of matter smaller than an atom

QUEST 1. quest for smth — the act of seeking smth, a long search
for smth; 2. to quest — to try to find smth, to search

QUANTUM FIELD THEORY — the overall theory of fundamental
particles and their interactions. Each type of particle is represented
by appropriate operators which obey certain commutation laws.
Particles are the quanta of fields in the same way as photons
are the quanta of the electromagnetic fields. So gluon fields and
intermediate vector boson fields can be related to strong and weak
interactions. Quantum field theory accounts for the Lamb shift
QUANTUM GRAVITY — the theory that would unify gravitational
physics with modern quantum field theory

QUANTUM MECHANICS — a generally accepted theory
replacing classical mechanics for microscopic phenomena. Quantum
mechanics also gives results consistent with classical mechanics
for microscopic phenomena. Two equivalent formalisms have been
developed: matrix mechanics (developed by W. Heisenberg) and
wave mechanics (developed by E. Schroedinger). The theory
accounts for a very wide range of physical phenomena
QUANTUM ELECTRODYNAMICS — a relativistic quantum
theory of electromagnetic interactions. It provides a description
of the interaction of electrons, muons and photons and hence the
underlying theory of all electromagnetic phenomena
ELECTROMAGNETISM — the science of the properties and
relations between magnetism and electric currents; ELECTRO-
MAGNETIC — having both electric and magnetic properties (e.g.:
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x-rays, radiowaves and light waves are all types of electromagnetic
radiation)

PARTICLE PHYSICS — scientific study of any of various types of
small pieces of matter of which atoms are composed

A CIRCUMFERENCE — a. a line that marks out a circle or that
goes round any other curved shape; b. the length of this line
ORDINARY 4-D GENERAL RELATIVITY — 3 ordinary space
dimensions plus time

A LOOP — 1. a shape, produced by a curve that bends right round
and crosses itself; 2. a length of rope, wire in such a shape, usually
fastened in a knot where it crosses itself; to loop the loop — idiom
— to fly or make an aircraft fly in a complete vertical circle

A STRAND — each of the threads, wires, etc, twisted together to
form a rope or cable

PLANCK LENGTH — the possible values of volume and area are
measured in units of quantity called the Planck length; this length
is related to the strength of gravity, the size of quanta and the
speed of light. Planck length is a length scale thought to be of
importance in quantum gravity which may represent the shortest

2me3)
gravitational constant, / is Planck’s constant and c is the speed of
light; value 1,62 x 1073% m. The corresponding PLANCK MASS
is 2,1 x 1078 kg
PLANCK’S CONSTANT — the fundamental constant which is the
basis of Planck’s law. It has the dimensions of energy X time, i.e.
action. The present accepted value is 6,626 x 10734 J s
PLANCK’S LAW — the basis of quantum theory, that the energy
of electromagnetic waves is confined in indivisible packets or
quanta, each of which has to be related or absorbed as a whole, the
magnitude being proportional to frequency; if E is the value of the
quantum expressed in energy units and v is the frequency of the
radiation, then ¥ = hv, where h is known as Planck’s constant and
has dimension of energy x time, i.e. action, and is 6,626 x 10734 J s
AN ATOMIC NUCLEUS — the positively charged central part of
an atom containing most of its mass
SHEETS or BRANES (derived from membranes) a flat thin piece

possible distance between points; equals {/=2%  where G is the
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of any material usually square or rectangular; a membrane is a
piece of thin tissue that connects, covers or lines parts inside a
plant or the body of an animal, a thin layer of material (e.g.: to
protect smth against damp)

A FLUX (of neutrons) — continuous change, a flow or act of
flowing; the rate at which matter or energy flows across a surface
or area

X Conversational Practice

a. Agree or disagree with the statements. Justify your assertions.
Add some sentences to develop your idea. The following phrases
may be helpful:

I'm sure/certain about. .. Sorry, I'm not really sure
about. ..

I’ve no doubt about it. I can’t make up my mind.

I think... I’'m in two minds about it.

As I seeit. .. Surely not, I mean. ..

In my view/opinion Yes, but on the other hand. ..

Personally I believe/feel Let me explain my point.

1. According to Einstein’s theory of general relativity, gravity
arises from the geometry of space and time, which combine
to form spacetime. Any massive body leaves an imprint on
the shape of spacetime, governed by an equation Einstein
formulated in 1915.

2. Given the success of replacing the gravitational force with
the dynamics of space and time, why not seek a geometric
explanation for the other forces of nature and even for the
spectrum of elementary particles?

3. Einstein’s search for a unified theory is often remembered as
a failure.

4. The search for a unified theory is the central activity in
the theoretical physics today, and just as Einstein foresaw,
geometric concepts play a key role.

5. Kaluza and Klein put forth their concept of a fifth dimension
in the early part of the 20th century, when scientists knew
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of two forces — electromagnetism and gravity. Both fall off
inversely proportional to the square of the distance from
their source, so it was tempting to speculate that they were
connected in some way.

. The idea of 5-dimensional spacetime seems wild.
. The possibility of extra dimensions has also come to play

no essential role in unifying general relativity and quantum
mechanics, and string theory is not a leading approach to that
unification.

. For the theory’s equations to be mathematically consistent,

a string has to vibrate in 10 spacetime dimensions, which
implies that six extra dimensions exist that are too small to
have yet been detected.

9. The string picture looks simple.

b. Prepare a mini-report. Express your opinion in favour of or
against string theory as a promising framework for the unification of
quantum mechanics, general relativity and particle physics. Write
a plan of your reasoning.

XI Writing

Write an abstract of the text. It should consist of no more than 7-8
sentences.

Text II

THE GEOMETER OF PARTICLE PHYSICS®

Alain’s Connes’s noncommutative geometry offers an alternative to string
theory. In fact, being directly testable, it may be better than string theory

by Alexander Hellemans
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Word Combinations

the refinements of geometry

to succeed in doing smth

layers of a continuum

to mediate the weak force

to peer into the apparent
complexity

to come across smth

to introduce a mathematical
technique

to give smth a mathematically
rigorous underpinning

to serve as a starting point

to contend that. ..

to argue that. ..

to be halfway

Alain Connes refers to the

an extra discrete
(noncontinuous) space

the recipe to eliminate infinities
a more subtle geometry

to hide mathematical jewels

to reveal molecular structure

to hit an obstacle
to correspond to reality

fractional dimensions

to couple with smth

to point out that. ..

to extend one’s work to smaller
scales

to look for the mathematics
behind the physical phenomena

way particle physics has grown:

the concept of spacetime was derived from electrodynamics, but
electrodynamics is only a small part of the Standard Model. New
particles were added when required, and confirmation came when
these predicted particles emerged in accelerators.

But the spacetime used in general relativity, also based on
electrodynamics, was left unchanged. Connes proposed something
quite different: “Instead of having new particles, we have a geometry
that is more subtle, and the refinements of this geometry generate
these new particles.” In fact, he succeeded in creating a noncommutative
space that contains all the abstract algebras (known as symmetry
groups) that describe the properties of elementary particles in the
Standard Model.

The picture that emerges from the Standard Model, then, is that of
spacetime as a noncommutative space that can be viewed as consisting
of two layers of a continuum, like the two sides of a piece of paper.
The space between the two sides of the paper is an extra discrete
(noncontinuous), noncommutative space. The discrete part creates the
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Higgs, whereas the continuum parts generate the gauge bosons, such
as the W and Z particles, which mediate the weak force.

Connes has become convinced that physics calculations not only
reflect reality but hide mathematical jewels behind their apparent
complexity. All that is needed is a tool to peer into the complexity,
the way the electron microscope reveals molecular structure, remarks
Connes, whose “electron microscope’ is noncommutative geometry.
“What I'm really interested in are the complicated computations
performed by physicists and tested by experiment,” he declares.
“These calculations are tested at up to nine decimals, so one is certain
to have come across a jewel, something to elucidate.”

One jewel held infinities. Although the Standard Model proved
phenomenally successful, it quickly hit an obstacle: infinite values
appeared in many computations. Physicists, including Gerard't Hooft
and Martinus Veltman of the University of Utrecht in the Netherlands,
solved this problem by introducing a mathematical technique called
renormalization. By tweaking certain values in the models, physicists
could avoid these infinities and calculate properties of particles that
corresponded to reality.

Although some researchers viewed this technique as a bit like
cheating, for Connes renormalization became another opportunity
to explore the space in which physics lives. But it wasn’t easy. ‘I
spent 20 years trying to understand renormalization. Not that | didn’t
understand what the physicists were doing, but | didn’t understand
what the meaning of the mathematics was that was behind it,"
Connes says. He and physicist Dirk Kreimer of the Institut des Hautes
'Etudes Scientifiques near Paris soon realized that the recipe to
eliminate infinities is in fact linked to one of the 23 great problems
in mathematics formulated by David Hilbert in 1900 — one that
had been solved. The linkage gave renormalization a mathematically
rigorous underpinning — no longer was it “cheating.”

The relation between renormalization and noncommutative
geometry serves as a starting point to unite relativity and quan-
tum mechanics and thereby fully describe gravity. “We now have to
make a next step — we have to try to understand how space with
fractional dimensions,” which occurs in noncommutative geometry,
“couples with gravitation,” Connes asserts. He has already shown,
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with physicist Carlo Rovelli of the University of Marseille, that time
can emerge naturally from the noncommutativity of the observable
quantities of gravity. Time can be compared with a property such as
temperature, which needs atoms to exist, Rovelli explains.

What about string theory? Doesn't that unify gravitation and
the quantum world? Connes contends that his approach, looking for
the mathematics behind the physical phenomena, is fundamentally
different from that of string theorists. Whereas string theory cannot
be tested directly — it deals with energies that cannot be created in
the laboratory — Connes points out that noncommutative geometry
makes testable predictions, such as the Higgs mass (160 billion electron
volts), and he argues that even renormalization can be verified.

The Large Hadron Collider will not only test Connes's math
but will also give him data to extend his work to smaller scales.
“Noncommutative geometry now supplies us with a model of spacetime
that reaches down to 1076 centimeter, which still is a long way to
go to reach the Planck scale, which is 10733 centimeter,” Connes
says. That is not quite halfway. But to Connes, the glass undoubtedly
appears half full.

I Translate the italicized sentences into Russian. Explain
the grammar constructions.

IT Comprehension Exercises

Look up the new words and word combinations and answer the
following questions.

1. What did Alain Connes manage to create?
How can spacetime in a noncommutative space be viewed?
What mathematical jewels did the scientists hit upon?
What is renormalization?
What was the recipe to eliminate infinities linked to?
What did this linkage give to renormalization?
What will the next step be?
What is Conne’s point of view concerning the difference
between string theory and noncommutative geometry?

e e
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9. Which theory appeals to you more?

IIT Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

to contend (verb) — 1. to claim that smth is true; 2. to compete
against someone; 3. to struggle to overcome a difficulty; contention
(noun) — disagreement; contentious (adj.) — causing disagreement,
enjoying quarelling

to mediate (verb) — to influence or to cause a process or event;
mediation (noun); mediator (noun)

to occur (verb) — to happen especially unexpectedly; to occur to
smb — to come to one’s mind, to realize an idea; occurrence (noun)
— an occasion, an event

a recipe ['resipi] (noun) — a set of instructions

to refine (verb) — to make some changes to smth in order to improve
it; refinement (noun) — a small change that is made to improve
smth; refined (adj.) — a substance that is refined is now pure,
because other things have been removed from it: refined oil /sugar
rigour (noun) — the quality of being strict or severe; the quality of
being thorough and careful; rigorous (adj.) — thorough and careful;
strict and severe; rigorously (adv.)

subtle (adj.) — delicate, complicated or difficult to notice, showing
an ability to understand small things that other people do not:
subtle observations; subtlety (noun); subtly (adv.)

underpinning (noun) — 1. an important basic part of smth that
allows it to succeed or continue to exist; 2. a strong piece of metal
or concrete that supports smth such as a wall; to underpin (verb)
— 1. to be an important basic part of smth, allowing it to succeed
or continue to exist; 2. to support smth such as a wall by putting
a strong piece of metal or concrete under it

undoubted (adj.) — accepted or agreed by everyone; undoubtedly
(adv.) — used by saying that smth is certainly true or is accepted
by everyone
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IV Exercises

a. Give synonyms to the following words.

to eliminate to elucidate

to emerge to argue

to link to come across
to improve to assist

to happen severe

b.Give antonyms to the following words.

To agree, concrete, dubious

c.Fill in the missing prepositions or adverbs.

1.

Alain Connes refers ... the way particle physics has grown:
the concept ... spacetime was derived ... electrodynamics
but new particles were added when required and confirmation
came when these predicted particles emerged . .. accelerators.

. The spacetime used ... general relativity, also based ...

electrodynamics was left unchanged.

“Instead ... having new particles, we have a geometry that is
more subtle, and the refinements ... this geometry generate
these new particles.”

. ... fact, he succeeded ... creating a noncommutative space

that contains all the abstract algebras (known as symmetry
group) that describe the properties ... elementary particles
... the Standard Model.

. Connes has become convinced that physics calculations not

only reflect reality but hide mathematical jewels ... their
apparent complexity. All that is needed is a tool to peer ...
the complexity.

“What I'm really interested ... are the complicated
computations performed ... physicists and tested
experiment”, he declares. “These calculations are tested
......... nine decimals, so one is certain to have come ...
a jewel, something to elucidate.”

Physicists solved the problem . .. infinite values ... introducing
a mathematical technique called renormalization.
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tweaking certain values ... the models, physicists could
avoid these infinities and calculate properties ... particles
that correspond ... reality.

8. The recipe to eliminate infinities is ... fact linked ... one ...
the 23 great problems ... mathematics formulated ... David
Hilbert ... 1900.

9. The relation ... renormalization and noncommutative
geometry serves as a starting point to unite relativity and
quantum mechanics and thereby fully describe gravity.

10. Connes contends that his approach, looking . .. the mathematics
. the physical phenomena, is fundamentally different ...
that ... string theory.
11. “We now have to make a next step — we have to understand

how space ... fractional dimensions”, which occurs
noncommutative geometry, “couples ... gravitation”, Connes
asserts.

V Key Terms

ELECTRODYNAMICS — the study of the motion of electric
charges caused by electric and magnetic fields
NONCOMMUTATIVE SPACE — that contains all the abstract
algebras (known as symmetry groups) that describe the properties
of elementary particles in the Standard Model
RENORMALIZATION — introducing a mathematical technique
called renormalization, physicists could avoid the infinities in many
computations and calculate properties of particles that correspond
to reality

THE HIGGS MASS — 160 billion electron volts; the Higgs is the
still missing crowning piece of the so-called Standard Model — the
theoretical framework that describes subatomic particles and their
interactions; the discovery of the Higgs, which supposedly endows
the other particles with mass, is crucial: its existence and even
its mass emerges from the mysterious equations of a new form of
mathematics called noncommutative geometry

A GAUGE BOSON — a particle that mediates the interaction
between two fundamental particles; these are four types: photons
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for electromagnetic interactions, gluons for strong interactions,
intermediate vector bosons for weak interactions and gravitons for
gravitational interactions

VI Express your opinion about the ideas expounded in
the article. Compare them with the ideas of string theory.
Which of them appeals to you more and seems more
consistent?

VII Render the following text.

KBAHTOBAA MEXAHNKA

Marepuan n3 Bukuneauu — cBoOGOJHOI SHIIMKJIIONEIUN

KeaHtoBass mexavuka (KM) (BonHoBas mexaHuka), Teopus,
yCTaHaBAMBatOWAs CNocob ONMcaHusi U 3aKOHbl ABVKEHUS MUKPO-
YacTul, B 33AaHHbIX BHELUHUX MOJSIX; OAMH N3 OCHOBHbIX pa3fesioB
kBaHToBOl Teopun. KM BnepBble noseonunia onucatb CTPYKTYpy
aTOMOB UM MOHSITb UX CMEKTPbl, YCTAHOBUTb MPUPOAY XUMUYECKOINA
CBSA3N, ODBACHUTH NEPUOANYECKYIO CUCTEMY 3/EMEHTOB n T.4. T.K.
CBOICTBA MaKPOCKOMUYECKNX TEN ONMPEAENSIOTCS LBUXKXEHNEM N B3au-
mMopgelicTBneM obpasyrowmx nx 4actuy, 3akoHsl KM nexaT B ocHose
MOHMMaHNA OOJNILLUMHCTBA MaKpPOCKOMUMYECKMX sisneHuit. Tak, KM
MO3BOJINNA MOHATH MHOIME CBOWCTBA TBEPAbIX TEN, OOBLACHUTL siB-
NeHNs1 CBEPXNPOBOAMMOCTU, (heppoMarHeTn3mMa, CBEPXTEKYYECTW W
MHOIME APYrue; KBAaHTOBOMEXAHUYECKME 3aKOHbl JIEeXKAT B OCHOBE
SANEPHOI SHEPreTUKMN, KBAHTOBOW 3NIeKTpoHMKN 1 T.4. B otnuune ot
KJlaCcCU4eCcKoii Teopuun, BCe HacTuubl BoicTynatoT B KM kak HocuTenn
N KOPMYCKYNSIPHbIX, N BOJIHOBbIX CBOWCTB, KOTOpbI€ He WCKJIOYAIOT,
a pononHstoT apyr apyra. BonHoBas npupoga 3nekTpoHOB, npoTo-
HOB M [APYrux <«4acTul»NOATBEPXAEHa onbiTamu no audpakuymn
yactuy. KopnyckynsipHo-BOSIHOBOW fAyanu3m MaTepuun notpebosan
HOBOIO MOAXOAA K OMUCAHUIO COCTOSHUSI (PUBNYECKUX CACTEM N UX
n3mMeHeHnss co BpemeHeMm. COCTOsiHME KBAHTOBOW CUCTEMbI OMMUCHI-
BAeTCA BOJIHOBOW (hyHKLMel, KBagpaT MOAynsi KOTOPOl onpegensier
BEPOATHOCTb [JAHHOIO COCTOSIHUSI W, CNefOBaTeNbHO, BEPOSITHOCTHU
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NS 3HAYEHUNiA (PU3NYECKMX BENNYMH, ero xapakTtepusytowmnx; ns KM
BbITEKAET, 4YTO He BCe (pU3MYECKME BENNYUHbI MOTYT OfHOBPEMEHHO
MMeTb TO4YHble 3HadeHus. OTnmunMTenbHas 4epTa KBAHTOBOW Teo-
pun — JUCKPETHOCTb BO3MOXHbIX 3HAYeHMid ans psga dpusnyeckmnx
BEJINHUH. SHEPTUN INIEKTPOHOB B AaTOMaAX, MOMEHTA KOJMHYECTBaA OBUN-
XKEHNA N ero npoekumm Ha Nnpon3BOJIbHOE HaNpaBJieHNE n T.4.; B
KNaCCUYECKOW TEOpMM BCE 3TU BEMYUHbI MOTYT U3MEHSATHCS NNLlb
HenpepblBHO. PyHaameHTanbHyto posab B KM urpaer nocTtosiHHas
MnaHka — 0AMH N3 OCHOBHbLIX MacLWTaboB NpPUPOAbI, Pa3rpaHUYnBa-
townii 061aCTN SIBNEHNIA, KOTOPbIE MOXHO OMUCHLIBATh KACCUYECKONA
duznkoin, ot obnacreii, AN NPaBUALHOrO MCTOJIKOBAHUS KOTOPbLIX
Heobxopmma kBaHTOBas Teopusi. Hepenstueucrckas (oTHocswascs k
MaJibiM CKOPOCTSIM [BVKEHWUS| 4aCTWL, MO CPABHEHUMIO CO CKOPOCTbIO
ceeta) KM — 3aKoH4YeHHasl, IOTMYECcK HENpOTUBOPEYNBasi Teopus,
MNONHOCTbIO COornacymowadaca ¢ onblITOM A5 TOro Kpyra SBJIEHUNA 1
npoueccoB, B KOTOPbIX HE NPOUCXOANT POXKAEHUA, YHNHTOXKEHUA NN
B3aMMOMpPeBpaLLEHNs HacTul,.
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Text

ATOMS OF SPACE AND TIMES®

We perceive space and time to be continuous, but if the amazing theory
of loop quantum gravity is correct, they actually come in discrete pieces

by Lee Smolin

THE AUTHOR

Lee Smolin is a researcher at the Perimeter Institute for theoretical
physics in Waterloo, Ontario, and an adjunct professor of physics at
the University of Waterloo. He has a B. A. from Hampshire College
and a Ph. D. from Harvard University and has been on the faculty
of Yale, Syracuse and Pennsylvania State Universities. In addition to
his work on quantum gravity, he is interested in elementary particle
physics, cosmology and the foundations of quantum theory. His 1997
book, The Life of the Cosmos (Oxford University Press), explored the
philosophical implications of developments in contemporary physics
and cosmology.

6Scientific American, February 2004, pp. 45-48
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Word Combinations

continuous and smooth space
to make an assumption

an evolving  dynamical
quantity
a predetermined classical
spacetime

to lay the foundation of smth

a healthy field of research
to give one confidence in smth
to specify precisely

a cast-iron shell
to escape the black hole’s
gravitational clutches

in between those values

to return an unambiguous
result

reliable calculations

beyond the experimentally
well tested principles

the visible universe

to be closely related to smth

the theory of loop quantum
gravity

combined efforts

at the smallest size scales

to be marked out by a
boundary

the event horizon of a black
hole

a discrete set of numbers

specific quantum units of area
and volume
distinct pieces

I Read the questions and find answers in the text that
follows.

1. Which two key principles of general relativity carefully
combined with the standard techniques of quantum mechanics
allowed the scientists to determine that space is quantized?

2. What was the unambiguous result that the calculations using
the loop quantum gravity revealed?

A BIG LOOPHOLE

In the mid-1980s a few of us — including Abhay Ashtekar, now
at Pennsylvania State University, Ted Jacobson of the University of
Maryland and Carlo Rovelli, now at the University of the Mediterranean
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in Marseille — decided to reexamine the question of whether quantum
mechanics could be combined consistently with general relativity using
the standard techniques. We knew that the negative results from the
1970s had an important loophole. Those calculations assumed that
the geometry of space is continuous and smooth, no matter how
minutely we examine it, just as people had expected matter to be
before the discovery of atoms. Some of our teachers and mentors had
pointed out that if this assumption was wrong, the old calculations
would not be reliable.

So we began searching for a way to do calculations without
assuming that space is smooth and continuous. We insisted on
not making any assumptions beyond the experimentally well tested
principles of general relativity and quantum theory. In particular,
we kept two key principles of general relativity at the heart of our
calculations.

The first is known as background independence. This principle
says that the geometry of spacetime is not fixed. Instead the geometry
is an evolving, dynamical quantity. To find the geometry, one has
to solve certain equations that include all the effects of matter and
energy. Incidentally, string theory, as currently formulated, is not
background independent; the equations describing the strings are set
up in a predetermined classical (that is, nonquantum) spacetime.

The second principle, known by the imposing name diffeomorphism
invariance, is closely related to background independence. This
principle implies that, unlike theories prior to general relativity, one is
free to choose any set of coordinates to map spacetime and express
the equations. A point in spacetime is defined only by what physically
happens at it, not by its location according to some special set of
coordinates (no coordinates are special). Diffeomorphism invariance is
very powerful and is of fundamental importance in general relativity.

By carefully combining these two principles with the standard
techniques of quantum mechanics, we developed a mathematical
language that allowed us to do a computation to determine whether
space is continuous or discrete. That calculation revealed, to our
delight, that space is quantized. We had laid the foundations of our
theory of loop quantum gravity. The term “loop,” by the way, arises
from how some computations in the theory involve small loops marked
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out in spacetime.

The calculations have been redone by a number of physicists
and mathematicians using a range of methods. Over the years since,
the study of loop quantum gravity has grown into a healthy field of
research, with many contributors around the world; our combined
efforts give us confidence in the picture of spacetime | will describe.

Ours is a quantum theory of the structure of spacetime at the
smallest size scales, so to explain how the theory works we need to
consider what it predicts for a small region or volume. In dealing
with quantum physics, it is essential to specify precisely what physical
quantities are to be measured. To do so, we consider a region
somewhere that is marked out by a boundary, B. The boundary may
be defined by some matter, such as a cast-iron shell, or it may be
defined by the geometry of spacetime itself, as in the event horizon
of a black hole (a surface from within which even light cannot escape
the black hole’s gravitational clutches).

What happens if we measure the volume of the region? What
are the possible outcomes allowed by both quantum theory and
diffeomorphism invariance? If the geometry of space is continuous,
the region could be of any size and the measurement result could
be any positive real number; in particular, it could be as close as
one wants to zero volume. But if the geometry is granular, then the
measurement result can come from just a discrete set of numbers and
it cannot be smaller than a certain minimum possible volume. The
question is similar to asking how much energy electrons orbiting an
atomic nucleus have. Classical mechanics predicts that an electron
can possess any amount of energy, but quantum mechanics allows
only specific energies (amounts in between those values do not occur).
The difference is like that between the measure of something that
flows continuously, like the 19th-century conception of water, and
something that can be counted, like the atoms in that water.

The theory of loop quantum gravity predicts that space is like
atoms: there is a discrete set of numbers that the volume-measuring
experiment can return. Volume comes in distinct pieces. Another
quantity we can measure is the area of the boundary B. Again,
calculations using the theory return an unambiguous result: the
area of the surface is discrete as well. In other words, space is not
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continuous. It comes only in specific quantum units of area and
volume.

The possible values of volume and area are measured in units of a
quantity called the Planck length. This length is related to the strength
of gravity, the size of quanta and the speed of light. It measures the
scale at which the geometry of space is no longer continuous. The
Planck length is very small: 10733 centimeter. The smallest possible
nonzero area is about a square Planck length, or 10766 cm?2. The
smallest nonzero volume is approximately a cubic Planck length,
10792 cm?. Thus, the theory predicts that there are about 10?7 atoms
of volume in every cubic centimeter of space. The quantum of volume
is so tiny that there are more such quanta in a cubic centimeter than
there are cubic centimeters in the visible universe (108%).

IT Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

IIT Vocabulary Notes

(Oxford Advanced Learner’s Dictionary)

ambiguous — (adj.) 1. that can be interpreted in more than one
way; 2. not clearly stated or defined; ambiguity (noun)
to discourage — (verb) 1. (smb from doing smth) to take away
smb’s confidence or hope of doing smth; 2. to try to stop smth
by showing disapproval or creating difficulties; discouraging (adj.):
discouraging results
to distort — (verb) 1. to pull or twist smth out of its usual shape;
2. to give a false account of smth: to distort facts
a loophole — (noun) a way of avoiding smth, especially because
the words of a law, a contract, etc. are not clear: to find or exploit
a loophole in the rules
minute — (adj.) 1. very small in size and amount; 2. containing
much detail, careful and accurate: a minute examination or
inspection, study the contract in minutest detail; minutely —
(adv.) very carefully, with a lot of attention to detail: a minutely
detailed report; minuteness (noun)
to perceive — (verb) to become aware of smth or smb, to notice
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or observe smb or smth: we had already perceived how the
temperature fluctuated; perception — (noun) the ability to see,
hear or understand things, awareness; perceptible — (adj.) that can
be felt or noticed with the senses: perceptible sounds; a perceptible
change, improvement; perceptive — (adj.) having or showing
understanding or insight: a perceptive judgement or comment

to specify — (verb) to state smth clearly and definitely: the
regulations specify that calculators may not be used in the
examination; specification — (noun) a description of what is
required: the offer didn’t meet our specifications; specific — (adj.)
detailed and exact: specific instructions

IV Comprehension Exercises

Answer the following questions.

1. Why did the physicists in the mid-1980s decide to reexamine
the question of whether quantum mechanics could be
combined consistently with general relativity using the
standard techniques?

2. What had their teachers and mentors pointed out?

3. What kind of assumptions did the scientists insist on not
making?

4. What is the first key principle of general relativity that the
physicists of loop quantum gravity kept at the heart of their
calculations?

5. What is the second key principle of general relativity closely
related to the first one?

6. What did the combination of these two principles with
the standard techniques of quantum mechanics allow the
scientists to determine?

The foundation of what theory did they lay?

Why is the term “loop” involved in the theory?

By whom have the calculations been redone and confirmed?

10. What does this fact manifest?

11. How did it happen that the study of loop quantum gravity
has grown into a vast and healthy field of research?

© %o N
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12.

13.

14.

15.
16.
17.

18.

What does the structure of spacetime look like in the loop
quantum theory?

What is the difference between the measurement results if
the geometry of space is continuous and if the geometry is
granular?

Compare what classical mechanics and quantum mechanics
predict by asking how much energy electrons orbiting an
atomic nucleus have.

What result did the volume-measuring experiment return?
What did the area of the surface-measuring experiment show?
In what units are the possible values of volume and area
measured?

What does the loop quantum gravity theory predict?

V Grammar

1.

2.

Give the three forms of the verbs (one of them is regular):
to choose, to keep, to set, to deal, to flow, to fly, to know, to
begin, to make, to say, to find, to lay, to do, to grow, to give,
to have.
Insert the proper prepositions from the text:
a. So we began searching ... a way to do calculations ...
assuming that space is smooth and continuous.
b. We insisted ... not making any assumptions ... the
experimentally well tested principles of general relativity
and quantum theory.

c. ... particular, we kept two key principles ... general
relativity ... the heart of our calculations.

d. The second principle known ... the imposing name
diffeomorphism invariance is closely related . . . background
independence.

e. This principle implies that, unlike theories prior ...
general relativity, one is free to choose any set ...
coordinates to map spacetime.

f. A point in spacetime is defined only ... what physically
happens ... it, not ... its location according ... some
special set ... coordinates.
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g. Diffeomorphism invariance is very powerful and is ...

fundamental importance ... general relativity.
h. ... carefully combining these two principles ... the
standard techniques ... quantum mechanics, we

developed a mathematical language that allowed us
to do a computation to determine whether space is
continuous or discrete.

i. We had laid the foundations ... our theory of loop quan-
tum gravity.

j- The term “loop” ... the way arises ... how some
computations ... the theory involve small loops marked
...... spacetime.

k. If the geometry is granular, then the measurement
result can come ... just a discrete set ... numbers and
it cannot be smaller than a certain minimum possible
volume.

1. The question is similar ... asking how much energy
electrons orbiting an atomic nucleus have.

m. Classical mechanics predicts that an electron can possess
any amount ... energy, but quantum mechanics allows
only specific energies (amounts ... ... those values do
not occur).

n. The difference is like that ... the measure of something
that flows continuously, like the 19th century conception

. water and something that can be counted, like the
atoms ... that water.

o. The Planck length measures the scales ... which the
geometry ... space is no longer continuous.

3. Few/a few, little/a little

Few is used with plural nouns, little is used with singular
uncountable nouns. Without articles few and Ulittle have
rather negative meanings. They often suggest “not as
much/many as one would like”, or “not as much/many
as expected”, or a similar idea.

He has little interest in politics.

Few people can speak a foreign language perfectly.
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A few and a little are more positive: their meaning is closer to
“some”. They often suggest ideas like “better than nothing” or
“more than expected”. “Quite a few” suggests a considerable
number of smth;

Compare. His theory is very difficult, few people understand
it. His theory is very difficult, but a few people understand
it (Michael Swan. Practical English Usage). A little more
information concerning the results of the experiment might
come in handy. So far little information has been obtained.

Choose the correct indefinite pronoun: few/a few, little/a
little.

a. The Greek philosophers had ... idea that the earth was
round and that “down” meant towards its centre.

b. ... objects in the heavens have been treated with such
unmerited neglect as the Great Nebula in Andromeda.

c. This controversial theory finds ... scientific support.

d. Although since ancient times some philosophers and
scientists had speculated that if matter were broken up
into small enough bits, it might turn out to be made up
of very tiny atoms, ... thought the existence of atoms
could ever be proved.

e. We conclude this article with ... observations.

f. ... doubt arises whether this theory holds true.

g. This approach has gained ... followers so far.

The Comparative Degrees of “few” and “little”.

a. The coalescence of two black holes would create even
stronger gravitational waves, but physicists believe that
there are ... black holes than neutron stars, so such
events would be rarer.

b. Of the two theories — Big Bang theory and Steady State
theory — the latter has ... scientific support.

4. Indefinite pronoun ONE

“One” is used instead of “you” in general statements, i.e. when
you are making a statement about people in general, which
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also applies to yourself.

One cannot always be right, can one?

One must bring one’s own talents to every single task. One
cannot be sure what lies ahead.

(Michael Swan. Practical English Usage)

Translate into English.

a. Henb3sa 3abbIBaTh, 9TO 9€CTh CO3MAHUS AHATATHICCKOM
reomerpun mpuHagnexur 1. ®epva u P. dekapry.

b. MOXHO HOHATH TUTAHUYECKUE YCHUJIHs, TPEINPUHATHIE
lFamuneeM B mompITKe HOJJEPKATH KAPTUHY BCEJTEHHON
Komnepnuka.

C. DTOT NPHUHIWII [OIPA3yMEBAET, YTO BbI CBODOJHLI B
BBIOOpE JIIO0OM CHCTEMBI KOOPIHHAT, UTOOBI OIHCATDH
MPOCTPAHCTBO-BPEMS U BBIBECTU YPABHEHUSI.

. “Have to” can be used with a particle to with the infinitive to

express the idea of obligation; “to be to” is often used to talk
about arrangements which have been planned for the future.

Open the brackets using the correct forms of the verbs to have
to, to be to.

a. In 1872 Cantor published a paper that included a very
general solution to his problem of number continuum
together with the seeds of what later (to become) the
theory of transfinite sets.

b. For such new theories to be viable they (to meet) criteria
that are steadily becoming more rigorous.

c. Planck (to find) some theoretical justification for his
radiation formula.

d. The problem is so important that it is not easy even
to assess the revolution in physics, if the gravitational
waves (to discover).

. Translate into Russian the sentences with Modal Verbs +

Present or Perfect Infinitive Constructions.

If a supernova with a given redshift looks dimmer than expected,
then the supernova must be farther away than astronomers
thought. Its light has taken longer to reach us and hence the
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universe must have taken longer to grow to its current size.
Consequently, the expansion rate of the universe must have
been slower in the past than previously was expected. In fact,
the distant supernovae are dim enough so that the expansion of
the universe must have accelerated to have caught up with its
current expansion rate.

. Open the brackets using Modal Verbs with the Perfect
Infinitive.

a. You (to notice) that the rational numbers include both
positive and negative integers.

b. There are only two basic ways a terrestrial planet
(to form). It appears quite likely, however, that the
terrestrial planets (to form) from planetesimals.

c. Everyone realizes that the simplicity of Newton’s great
discovery is only apparent. The actual events (to be)
much more complex.

d. In the book “The Dialogue” there is a demonstration that
hardly (to fail) to interest Newton.

e. A passage Galileo wrote and particularly a diagram he
drew (to apply) by Newton to a purpose that never
occurred to Galileo.

. The Subjunctive Mood. Conditionals. Unreal conditions.
Type III.

Translate the following sentences containing the Subjunctive
Mood. Explain the use of the corresponding grammar forms.

a. If the column had been smaller but of the same relative
proportions, it would not have failed.

b. If Einstein had done no more than to find an alternative
and neater expression for gravitation than Newton, he
would have been the Copernicus of the new era; but he
did more — he showed that the new method gave results
in better agreement with experiment.

Open the brackets putting the verb in the required form.

a. Unless the scientists (to develop) atomic clocks, we (not
to have) so accurate a standard of time.
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b. Like Gauss, Jacobi (can make) easily a high reputation in
philology, unless maths (to attract) him more strongly.
c. These examples may suggest that the whole subject
is trivial. But if it (to be), Gauss (not to attach) the
extraordinary importance to it that he did.
Explain the use of the mixed case in the following paragraph
containing a conditional sentence.

Gauss remarked that he couldn’t understand how Archemedes
failed to invent the decimal system of numeration or its
equivalent which in his opinion was in Archemedes's hands.
This oversight Gauss regarded as the greatest calamity in the
history of science. “To what height would science now be raised
if Archemedes had made that discovery!” — he exclaimed.

VI Phrasal Verbs and Idioms

to mark out — to draw lines to show the boundaries of smth

to set up — 1. to place or build up smth; 2. to make a piece of
equipment, a machine ready for use; 3. to make the necessary
preparations so that smth could take place (to set up an
experiment); 4. to establish or create smth (to set up business); 5.
to cause a process or a series of events to begin and continue
down the line — to pursue an activity without evident results

VII Exercises

1. Give synonyms to the following words.

minute prior

to involve to require

to perceive  to apply
distinct to favour

to occur an ally
precise to encourage
an outcome to reveal

to evolve to probe

2.Give antonyms to the following words.
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to split to agree

a foe to reveal
ambiguous tiny

to encourage compatible

to be aware of smth exact

VIII Key Terms

BACKGROUND INDEPENDENT — this means that the theorists
working on loop quantum gravity believe the laws of nature can be
stated without making any prior assumptions about the geometry
of space and time

THE EVENT HORIZON OF A BLACK HOLE — the boundary
of the black hole: no light can escape from inside this boundary

A SET OF COORDINATES — an ordered set of numbers
which specify the position or orientation of a point or geometric
configuration relative to a set of axes

THEORY OF LOOP QUANTUM GRAVITY — the theory that
would unify gravitational physics with modern quantum field
theory

IX Vocabulary Practice

Fill in the gaps using the key words given below.

From the early part of the 20th century scientists of physics
have (ycununn) their efforts to see if general relativity and quantum
mechanics could be (cratb cosmectumoii). The physicists assume
that the universe (gomxHa ynpasnstbcs) by a single set of rules and
are thus disturbed that at the moment they have (nonaratbcs Ha)
two sets. One, called quantum mechanics, (onucbigaer) the small
fundamental particles of which matter (coctrout) and the forces
by which these particles (B3aumogeiicteytor). The other — general
relativity — describes the force of gravity which (ymepxwnsaet) big
objects together. (CosmelueHne) these two universal descriptions has
exercised (HekoTOpble Camble reHnanbHble yMbl B obnactu dusnkn)
but has yet (npegoctasuts Heocnopumbili pesynstat). Until recently
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the wide spread expectation was that some version of the idea called
string theory would (gomuHuposats). The string theory theorists think
that the world is made of matter that (cywecrsyer HezaBucumo ot
npoctpancTea-spemenn). (Matepus, 0 koTOpoOli MaeT peds, cocTomT
n3 vactuy) that are formed from (pasnuuHbix BMGpaumii CTpyH).
According to string theory space and time are (pukcuposanHbiii poH)
that has a geometric structure — an unchanging stage on which
(pa3sbirpbiBaeTCsi CNeKTakib NpUPOAbI).

Loop quantum gravity (beicTpo crana nonynsipHoli) as an
alternative to string theory and (craHoButcs BCEe Oonee ycnew-
Hoin). The main idea of the theory (nogpasymesaer) that space
and time are not smooth, as general relativity (Tpebyet) but come
in (kpoweyHbIM OTAENbHBIMU Kyckamu). Loop quantum gravity is
(ne3aBucuma ot oHa). The theorists believe that the laws of nature
can be stated without (He genas Hukakmx npefBapuTENbHBIX NPed-
nonoxeHuin) about the geometry of space and time. Space and time
are (Bcero nuwsb cneacteusi) of these laws. Loop quantum gravity
can (6bITb mpeacTaBneHa) as (cetka u3 netens). Theorists working
on loop quantum gravity think that matter itself is merely a result
of (ckpyumBanus u nepennetenusi) ribbons of space and time. A
fundamental particle is created when three ribbons (coegutenst) in
a plait. Though string theory is (bonee ycrosiswasica) of the two,
some 90% of theoretical physicists (3ansiTel) in developing it. But
string theory has been around for decades (He npuHecsi obelaHHbIX
pesynbtatos), and that failure (BgoxHosuna) the protagonists of the
alternative explanation (punyTtbcs Bnepeg). Nevertheless, both string
theory and loop quantum gravity (cogep»at Hepa3speLueHHbie npobne-
mbl). Most important, neither has been tested experimentally. Nor,
(HecmoOTpst Ha ODHagexmMBarOLWKMEe Pa3roBOPbl O MPOTUBOMNOIOXKHOM),
is there (bonblwx NepcnekTB TOro, YTO SKCMEPUMEHT ByaeT npowns-
Beget). Having two candidates for a theory of everything is almost
as (obeckypaxugatowee) to physicists as their inability to reconcile
quantum mechanics and quantum gravity in the first place. They
(namHoro 6onblue xotenu 6bi) have just one theory. (K coxanetuo),
20 years down the line, exactly how this may be done (ocraercs
TYMaHHbIM).

Key words: remains elusive, reinforced, made compatible,
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unfortunately, must be governed, would far rather, to rely on,
discouraging, describes, much prospect of an experiment being
devised, consists, despite hopeful talk to the contrary, interact,
harbour unresolved problems, holds, to push themselves forward,
reconciling, has encouraged, some of physics’ most brilliant minds,
without delivering the goods, to provide an uncontested result,
are engaged, exists independently of space and time, the more
established, the matter in question consists of particles, are
joined, different vibrations of strings, a result of twisting and
braiding, a fixed background, a mesh of loops, be visualized,
mere consequences, nature’s play takes place, making any prior
assumptions, took off, background independent, is gaining ground,
tiny distinct chunks, implies, requires, dominate.

X Conversational Practice

Agree or disagree with the statements. Justify your judgements.
Add some sentences to develop your idea. The following sentences
can be useful.

I will start by saying, ... But the point is ...

In this connection I would like  Far from that.

to mention ...

The simple reason is that ... What is lacking in the
statement is that. ..

I have a similar view. There is no point in denying
that ...

1. The negative results concerning the possibility of unification
of general relativity with quantum mechanics using the
standard techniques from the 1970s had an important
loophole.

2. The scientists decided to reexamine the problem by assuming
that space is smooth and continuous and by making any
assumptions beyond the experimentally well tested principles
of general relativity and quantum theory.

3. The scientists kept two key principles of general relativity at
the heart of their calculations.
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4. A point in spacetime is defined by its location according to
some special set of coordinates.

5. By carefully combining these two principles with the standard
techniques of quantum mechanics the scientists developed a
maths language that allowed them to do a computation to
determine whether space is continuous or discrete.

6. Over the years since the study of loop quantum gravity has
failed.

7. Loop quantum gravity is a quantum theory of the structure
of spacetime at the largest size scales.

8. If we measure the volume of the region and the geometry of
space is taken to be continuous, the region could be of any
size and the measurement result could be any positive real
number, in particular, it could be as close as one wants to
zero volume.

9. Volume comes in distinct pieces.

10. The Planck length is very large. It measures the scale at which
the geometry of space is continuous.

11. The theory predicts that there are about 10°° atoms of volume
in every cubic centimeter of space.

XI Write a mini-report concerning the hot topics
of nowadays physics: string theory, non-commutative
geometry, loop quantum gravity. Give your view point
and substantiate it. The following expressions may be
helpful.

In this abstract I review /I concentrate on the features/characteristics
of...

There is currently great interest in. ..

My analysis focuses on/ outlines/ tackles/ elucidates. . .

When we compare the theories, further questions arise.

I argue that. ..

This latter point requires justification.

The idea fits into contemporary speculation.

This idea is a useful starting point in investigating. . .

The theory commands wide support/ gains ground.
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To lend support to the hypotheses we require the knowledge of. . .
To bridge the gap in our knowledge we should pay attention to. ..
The problem presupposes minute analysis.

My argument is based on considerations that. . .

The idea still generates controversy/raises many questions.

I have sufficient ground to assume that. ..

The approach is more flexible/ creative/ effective/ sound.
Theoretically important here is the clear demarcation between the
theories.

The studies have reached widely differing conclusions.

The results are in agreement/ accordance/ conflict with ...

The theory fails to verify .../ to find a correlation between ...

The reason for rejecting the idea in favour of ... comes from the
fact that. ..
The mechanism involved in ... is complex and still poorly
understood.

I conclude this paper by stressing/ emphasizing that. ..
The challenges deserve closer examination.

XII Render the following texts.

TEOPUNA CTPYH

Marepuan n3 Bukuneauu — cBoOOGOJHOI SHIMKJIIONEIUN

Teopusi CTpyH — HanpaefieHWe MATEMATUYECKON hbr3mKmM, nly4a-
follee AUHAMUKY 1N B3aMMOLENCTBUSI HE TOYEYHbIX HAaCTWL, @ OfHO-
MEPHBIX MPOTSIXKEHHbIX OOBEKTOB, TaK HA3bIBAEMbIX KBAHTOBbIX CTPYH.
Teopus cTpyH coyeTaeT B cebe naenm KBaHTOBOW MEXAHWUKWA U TEOPUN
OTHOCUTENILHOCTM, MO3TOMY Ha ee OCHOBE, BO3MOXHO, DyaeT noctpoe-
Ha Oyaylas Teopusi KBaHTOBON rpaBMTaLMN.

Teopusi CTpyH OCHOBaHa Ha ruMnNOTE3e, YTO BCE 3JIEMEHTAPHbIE
yactuubl n unx dyHAAMEHTaNbHBIE B3aWMOAEKHCTBUAS BO3HUKAIOT B
pe3ynbTate KoJIeDaHWMii 1 B3aUMOZEACTBUIA YAbTPAMUKPOCKOMMYE-
CKIX KBAHTOBbIX CTPYH Ha macwTabax nopsinka niaHKOBCKOW AJINHbI
1073% M. [aHHblii NoaxoA, C OfHOW CTOPOHbI, NO3BOASiET M3beKaTb
TaKuX TPYQHOCTEV KBAHTOBOIW TEOPUMN MOJIS, KaK NEPEHOPMUPOBKA, a C
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LpYyroii CTOpOHbI, NPUBOANT K bonee rnybokomy B3rasigy Ha CTPYKTYpy
MaTepuu 1 NPOCTPaHCTBA-BPEMEHMN.

KBaHTOBasA Teopusi CTpyH BO3HMKIA B Hadane 1970-x rogos B pe-
3ynbTate ocmbicneHus dhopmyn Fabpuane BeneuymaHno, cBsizaHHbIX CO
CTPyHHbIMU Mogensimn cTpoeHust agpoHos. Cepeguna 1980-x u ce-
peanHa 1990-x o3HaMeHOBaNMCb OypHbIM pa3BUTUEM TEOPUMA CTPYH,
0XKWNAANOCh, 4TO B BNnXKaiilee BpeMsi Ha OCHOBE Teopuu CTpyH OygeT
chopMynMpoBaHa TaK Ha3blBaemasi «€AMHasi TEOPUSI>, UM KTEOPUS
BCEro», Momuckam KOTopoil JiiHwTeliH Be3ycnewHo nocBaTUA AeCATuI-
netusi. Ho, HECMOTps Ha MaTEMaTUHECKYHO CTPOrOCTb U LENOCTHOCTb
TEOpUM, NOKA He HalAeHbl BapuaHTbl 3KCMNEPVIMEHTANLHOrO MOATBEp-
XKIEHNS Teopun cTpyH. BosHukLwas gnsa onmcanusi agpoHHoi pursnkn,
HO He BMOJIHE NOAOLLEeALIast Asl 3TOrO, TeOpUsl OKa3anach B CBOErO po-
[la 3KCNepuMeHTaIbHOM BakKyyMe OMmMCaHunsl BCEX B3aWMOLENCTBIA.

NMET/IEBAY KBAHTOBAA IPABUTALUNA

B Hein penaetca nonbiTka cchOpMynMpoBaTh KBAaHTOBYHO TEOPUMIO NOMA
6e3 NpuBA3KN K NMPOCTPAHCTBEHHO-BPEMEHHOMY hOHY, MPOCTPAHCTBO
U BPEMS NO 3TOW TEOPUM COCTOST N3 QUCKPETHbIX 4YacTeid. ITn ma-
NEHbKNE KBAHTOBbIE AYElKM MPOCTPAHCTBA ONPEAENEHHbIM CNOCObOM
COeANHEHDbI p,pyr C p'perM, TaK 4TO Ha MaJiblX MaCLUTa6aX BPEMEHN
1 OAVHBI OHM CO3JAtOT MECTPYHO, ANCKPETHYIO CTPYKTYpYy NpPOCTpaH-
CTBa, a Ha Bonbwmx macwTabax NIaBHO NEpPexoAAT B HENPEpbIBHOE
rnagkoe npocTtpaHCTBO-BPEMA. XOTﬂ MHOrme Kocmonorm4eckme mMo-
aenn MOryT onncaTb noBeaeHmne BCEJIEHHOW TOJIbKO OT MJIAaHKOBCKOTIO
BpeEMEHN nocne BOJ'IbUJOrO B3pblBa, NETNEBASA KBAHTOBAA rpaBntayuns
MOXET OMMCaTb CaMm MpOLECC B3pblBa, U JaXke 3arfsAHyTb paHbLUe.
MeTnesas KBaHTOBaA rpaBMTaLWS MO3BOASET ONMCATbh BCE HACTWLbI
CTaHAapTHOI Moaenu, He Tpebya ans 0bbACHEHMS UX MacC BBEAEHNS
6030Ha Xwurrca.
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Text

INFORMATION IN THE HOLOGRAPHIC
UNIVERSE’

Theoretical results about black holes suggest that the universe could be
like a gigantic hologram

by Jacob D. Bekenstein

THE AUTHOR

Jacob D. Bekenstein has contributed to the foundation of black hole
thermodynamics and to other aspects of the connections between
information and gravitation. He is Polak Professor of Theoretical
Physics at the Hebrew University of Jerusalem, a member of the
Israel Academy of Sciences and Humanities, and a recipient of the
Rothschild Prize. Bekenstein dedicates this article to John Archibald
Wheeler (his Ph.D. supervisor 30 years ago).

"Scientific American, February 2004, pp. 32-34
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Word Combinations

to leave traces to forbid an inverse process

in accordance with Einstein’s a clue to resolving a puzzle
2

E =mc

to circle smth to exceed the star’s entropy

to preserve a law to cope with smth

to violate a law to bar information

to make a law irrelevant to undergo a process

an irreversible process to set bounds on the
information capacity

to reach an impasse to generate a full 3D image on

its 2D boundary

I Read the questions and find answers in the text that
follows.

1. What does the generalized second law of thermodynamics
hold?

2. What does information capacity depend on?

3. What does holographic principle state?

BLACK HOLE THERMODYNAMICS

A central player in the developments of gravitational physics is
the black hole. Black holes are a consequence of general relativity,
Albert Einstein's 1915 geometric theory of gravitation. In this theory,
gravitation arises from the curvature of spacetime, which makes
objects move as if they were pulled by a force. Conversely, the
curvature is caused by the presence of matter and energy. According
to Einstein's equations, a sufficiently dense concentration of matter or
energy will curve spacetime so extremely that it rends, forming a black
hole. The laws of relativity forbid anything that went into a black hole
from coming out again, at least within the classical (nonquantum)
description of the physics. The point of no return, called the event
horizon of the black hole, is of crucial importance. In the simplest case
the horizon is a sphere, whose surface area is larger for more massive
black holes.
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It is impossible to determine what is inside a black hole. No detailed
information can emerge across the horizon and escape into the outside
world. In disappearing forever into a black hole, however, a piece
of matter does leave some traces. lts energy (we count any mass
as energy in accordance with Einstein’s £ = mc?) is permanently
reflected in an increment in the black hole's mass. If the matter is
captured while circling the hole, its associated angular momentum is
added to the black hole’s angular momentum. Both the mass and
angular momentum of a black hole are measurable from their effects
on spacetime around the hole. In this way, the laws of conservation
of energy and angular momentum are upheld by black holes. Another
fundamental law, the second law of thermodynamics, appears to be
violated.

The second law of thermodynamics summarizes the familiar
observation that most processes in nature are irreversible: a teacup
falls from the table and shatters, but no one has ever seen shards
Jjump up of their own accord and assemble into a teacup. The second
law of thermodynamics forbids such inverse processes. It states that
the entropy of an isolated physical system can never decrease; at best,
entropy remains constant, and usually it increases. This law is central
to physical chemistry and engineering; it is arguably the physical law
with the greatest impact outside physics.

As first emphasized by Wheeler, when matter disappears into a
black hole, its entropy is gone for good, and the second law seems to
be transcended, made irrelevant. A clue to resolving this puzzle came
in 1970, when Demetrious Christodoulou, then a graduate student of
Wheeler's at Princeton, and Stephen W. Hawking of the University
of Cambridge independently proved that in various processes, such as
black hole mergers, the total area of the event horizons never decreases.
The analogy with the tendency of entropy to increase led me to propose
in 1972 that a black hole has entropy proportional to the area of its
horizon. | conjectured that when matter falls into a black hole, the
increase in black hole entropy always compensates or overcompensates
for the “lost” entropy of the matter. More generally, the sum of black
hole entropies and the ordinary entropy outside the black holes can
not decrease. This is the generalized second law — GSL for short.

The GSL has passed a large number of stringent, if purely
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theoretical, tests. When a star collapses to form a black hole,
the black hole entropy greatly exceeds the star’s entropy. In 1974
Hawking demonstrated that a black hole spontaneously emits thermal
radiation, now known as Hawking radiation, by a quantum process. The
Christodoulou-Hawking theorem fails in the face of this phenomenon
(the mass of the black hole, and therefore its horizon area, decreases),
but the GSL copes with it: the entropy of the emergent radiation
more than compensates for the decrement in black hole entropy, so
the GSL is preserved. In 1986 Rafael D. Sorkin of Syracuse University
exploited the horizon's role in barring information inside the black hole
from influencing affairs outside to show that the GSL (or something
very similar to it) must be valid for any conceivable process that black
holes undergo. His deep argument makes it clear that the entropy
entering the GSL is that calculated down to level X, whatever that
level may be.

Hawking's radiation process allowed him to determine the
proportionality constant between black hole entropy and horizon
area: black hole entropy is precisely one quarter of the event horizon's
area measured in Planck areas. (The Planck length, about 10733
centimeter, is the fundamental length scale related to gravity
and quantum mechanics. The Planck area is its square.) Even in
thermodynamic terms, this is a vast quantity of entropy. The entropy
of a black hole one centimeter in diameter would be about 105 bits,
roughly equal to the thermodynamic entropy of a cube of water 10
billion kilometers on a side.

THE WORLD AS A HOLOGRAM

The GSL allows us to set bounds on the information capacity of any
isolated physical system, limits that refer to the information at all
levels of structure down to level X. In 1980 I began studying the first
such bound, called the universal entropy bound, which limits how much
entropy can be carried by a specified mass of a specified size. A related
idea, the holographic bound, was devised in 1995 by Leonard Susskind
of Stanford University. It limits how much entropy can be contained in
matter and energy occupying a specified volume of space.

In his work on the holographic bound, Susskind considered any
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approximately spherical isolated mass that is not itself a black hole
and that fits inside a closed surface of area A. If the mass can collapse
to a black hole, that hole will end up with a horizon area smaller than
A. The black hole entropy is therefore smaller than A/4. What if the
mass does not spontaneously collapse? In 2000 | showed that a tiny
black hole can be used to convert the system to a black hole not much
different from the one in Susskind’s argument. The bound is therefore
independent of the constitution of the system or of the nature of level
X . It just depends on the GSL.

We can now answer some of those elusive questions about the
ultimate limits of information storage. A device measuring a centimeter
across could in principle hold up to 106 bits — a mind-boggling
amount. The visible universe contains at least 10'°° bits of entropy,
which could in principle be packed inside a sphere a tenth of a light-year
across. Estimating the entropy of the universe is a difficult problem,
however, and much larger numbers, requiring a sphere almost as big
as the universe itself, are entirely plausible.

But it is another aspect of the holographic bound that is truly
astonishing. Namely, that the maximum possible entropy depends on
the boundary area instead of the volume. Imagine that we are piling
up computer memory chips in a big heap. The number of transistors
— the total data storage capacity — increases with the volume of the
heap. So, too, does the total thermodynamic entropy of all the chips.
Remarkably, though, the theoretical ultimate information capacity of
the space occupied by the heap increases only with the surface area.
Because volume increases more rapidly than surface area, at some
point the entropy of all the chips would exceed the holographic bound.
It would seem that either the GSL or our commonsense ideas of entropy
and information capacity must fail. In fact, what fails is the pile itself:
it would collapse under its own gravity and form a black hole before
that impasse was reached. Thereafter each additional memory chip
would increase the mass and surface area of the black hole in a way
that would continue to preserve the GSL.

This surprising result — that information capacity depends on
surface area — has a natural explanation if the holographic principle
(proposed in 1993 by Nobelist Gerard't Hooft of the University of
Utrecht in the Netherlands and elaborated by Susskind) is true. In
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the everyday world, a hologram is a special kind of photograph that
generates a full three-dimensional image when it is illuminated in the
right manner. All the information describing the 3-D scene is encoded
into the pattern of light and dark areas on the two-dimensional piece
of film, ready to be regenerated. The holographic principle contends
that an analogue of this visual magic applies to the full physical
description of any system occupying a 3-D region: it proposes that
another physical theory defined only on the 2-D boundary of the region
completely describes the 3-D physics. If a 3-D system can be fully
described by a physical theory operating solely on its 2-D boundary,
one would expect the information content of the system not to exceed
that of the description on the boundary.

II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

IIT Vocabulary Notes

(Oxford Advanced Learner’s Dictionary)

to argue — (verb) 1. (with smb about/over smth) — to express
an opposite opinion, to exchange angry words; 2. (for/against
smth) — to give reasons for or against smth, especially with the
aim of persuading smb to share one’s own opinion; arguable —
(adj.) 1. that can be argued or asserted; 2. that can be questioned,
not obviously correct, e.g.: the account contains many arguable
points/statements; arguably — (adv.) one could give reasons to
support a point of view, e.g.: it is arguably the most important
aspect of the discussion; argument — (noun) 1. with smb about
smth — a disagreement, especially an angry one; 2. discussion
based on reasoning; 3. a reason put forward: accept or reject an
argument

to bound — (verb, usually passive) to form the boundary of smth,
to limit smth; boundary (noun) — a line that marks a limit, a
dividing line, e.g.: scientists continue to push back the boundaries
of knowledge; bounds — (noun, pl.) the accepted or furthest limits
of smth, e.g.: the idea is beyond the bounds of possibility

to conceive — (verb) to form an idea, a plan etc. in the mind, to
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imagine smth, e.g.: the ancients conceived (of) the world as (being)
flat; conceivable — (adj.) that can be conceived or believed, e.g.:
the GSL must be valid for every conceivable process

to estimate — (verb) to form a rough and general idea of smth, to
calculate roughly the cost, size, value of smth; estimate (noun) —
judgement or calculation not necessarily detailed or accurate
impasse (noun) — a difficult situation from which there is no way
out, e.g.: break/resolve the impasse; impassable (adj.) — (of a
road/route etc.) impossible to travel on or over

to merge (verb) — with/into smth, together — to combine or to
make two or more things come together and combine; merger
(noun)

to transcend (verb) — to be or go beyond the normal limits of
smth; transcendental (adj.) — going beyond the limits of human
knowledge, e,g.: transcendental experience

to undergo (verb) — to be put through a process, etc, e.g.: the GSL
must be valid for any conceivable process the black holes undergo
to uphold (verb) — to support or confirm a decision, a belief
which has been questioned, e.g.: to uphold an appeal/a principle;
upholder (noun) — upholders of tradition

IV Comprehension Exercises

Answer the following questions.

1. What is the curvature of spacetime caused by?

How do black holes form?

What do the laws of relativity forbid?

What is the point of no return called?

As no detailed information can emerge across the horizon and

escape into the outside world, why can one say that a piece

of matter does leave some traces?

6. While the laws of conversation of energy and angular
momentum are upheld by black holes, another fundamental
law (the second law of thermodynamics) appears to be
violated. Why?

7. How did a clue to resolving this puzzle come?

Gl LN
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10.

11.
12.

13.

14.
15.

16.

17.

18.

19

What does the Christodoulou-Wheeler theorem state?

What did J. D. Bekenstein propose in 19727 What did he
conjecture?

What happens when a star collapses to form a black hole?
What did Stephen W. Hawking demonstrate in 19747 Why
did the Christodoulou-Hawking theorem fail in the face of
this phenomenon?

In what way did the GSL cope with it?

What was the deep argument Rafael D. Sorkin of Syracuse
University put forward?

What did the Hawking radiation process allow him to
determine?

What does the GSL allow one to set bounds on?

What do the universal entropy bound and a related idea, the
holographic bound, specify?

What did L. Susskind consider in his work on the holographic
bound?

What was J. Bekenstein’s contribution to the determination
of the holographic bound?

Explain why the maximum possible entropy depends on the
boundary area instead of the volume.

. How does the holographic principle work?

V Grammar

1

84

. Give the three forms of the verbs: to fit, to forbid, to lose, to
lend, to hold, to undergo, to rend, to undertake, to uphold.

. Compare the difference in the accent in the verbs and the

nouns: to in’crease — an ’increase, to de crease — a

“decrease, to im “ pact — an " impact.

Mind the difference between “to influence smth” and “to have

an influence on smth”.

Translate the sentences giving two variants:

a. Transfinite numbers (oka3asmm orpomuoe BiusiHue) the
further development of mathematics.
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b.

The honour of creating the differential and integral
calculus belongs to Newton. This (oka3ano orpomHoe
BausiHue) the entire subsequent development of physics.
No other discovery in physics (He oka3aJ0 TaKOro orpom-
noro Biusuus) all the subsequent development of science
as Newton’s law of universal gravitation.

4. Insert the missing prepositions.

a.

I conjectured that when matter falls ... a black hole,
the increase ... black hole entropy always compensates
or overcompensates ... the lost energy of the matter.

. The Christodoulou-Hawking theorem fails ... the face

... this phenomenon (the mass ... the black hole, and
therefore its horizon area decreases) but the GSL copes
. it: the entropy of the emergent radiation more than
compensates ... the decrement in black hole entropy, so
the GSL is preserved.
The GSL allows one to set bounds ... the information
capacity ... any isolated physical system, limits that
refer ... the information ... all levels ... structure down
... level X.

5. Insert that, those, one.

a.

b.

The example illustrates three advantages that algebraic
programs have over purely numerical .. ..

Supermassive holes are the collapsed remnants of a mass
several million times ... of the Sun.

The story of Galois known to most people today
is derived from popular accounts, such as ... by the
physicist Leopold Infeld and the astronomer Fred Hoyle.
The most influential version of the story has been ... of
Eric Temple Bell.

A tiny black hole can be used to convert the system to a
black hole not much different from the ... in Susskind’s
argument.

6. Fill in the forms of the Gerund with the preceding
prepositions where necessary.
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86

. The Green Peace activists insist ... (to take) urgent
measures to reduce air pollution.

. The Greeks had several ways ... (to write) their
numbers.

. The mystery of the origin of the universe is far ... (to
be) solved.

. Innumerable experiments performed by Newton resulted

... his (to invent) a reflecting telescope.

. The theorem may be stated in somewhat different form,

in which it is capable ... (to be proved) in a simple
manner.

(to invent) his reflecting telescope, Newton could
perform a series of experiments with light.

. We began (to search) for a way to do calculations ... (to

assume) that space is smooth and continuous.

carefully (to combine) these two principles with
the standard techniques of quantum mechanics, we
developed a mathematical language that allowed us
to do a computation to determine whether space is
continuous or discrete.

(to deal) with quantum physics, it is essential to
specify precisely what physical quantities are to be
measured.

. (to be appointed) professor at Cambridge Newton
continued (to work) on the problem of gravitation.

. (to disappear) forever into a black hole, however, a
piece of matter does leave some traces.

. Newton succeeded ... (to complete) his whole theory in

1673.

. Galileo’s (to be persecuted) by Church darkened the last

years of his life.

. Archimedes’s (to overlook) the decimal system of

numeration or its equivalent was in Gauss’s opinion the
greatest calamity in the history of science.

. Given the success ... (to replace) the gravitational force

with the dynamics of space and time, why not seek a
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geometric explanation for the other forces of nature and
even for the spectrum of elementary particles?

p. In the “Principia” Newton credited Galileo ... (to rely)
on the law of inertia.

V Phrasal Verbs and Idioms

N

. of one’s own accord — without being asked or forced

to be gone for good — forever
a mind-boggling amount — one can hardly accept or imagine
a particular idea, suggestion, amount, etc

. in the face of this phenomenon — in spite of smth: to succeed

in the face of danger
by leaps and bounds — very quickly

. to be beyond the bounds of possibility — beyond the

conceivable limits

. to end up — to reach or come to a certain place, especially

by a long route or process

. to pile up — to increase, to accumulate in quantity
. to hold up — to delay or block the movement
10.

to push back the boundaries of knowledge — to make efforts
to enlarge the area of knowledge

VI Exercises

1.Give synonyms to the following words.

to emerge to preserve
to avoid to bar

to seize to regard

to influence to contend
to elaborate to convert

to uphold to conjecture
to (re)generate a deadlock
to bound to exploit

to compensate  to argue

to surpass to contain

2.Give antonyms to the following words.
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decrement reversible outside to fail
relevant temporary possible valid
to encode  to appear plausible visible
to permit  to pull permeable to pack

3.Match an idiom or a phrasal verb in the left column with its
equivalent in the right one.
1. By leaps and bounds a. forever

2. To set bounds on b. to increase in quantity

3. Of one’s own accord c. to authorize the accepted limits

4. To make it clear d. to establish smth

5. To hold up e. to reach or come to a certain place

6. To mark out f. in spite of smth

7. To point out g. to draw lines

8. To set up h. to direct attention to smth

9. To relate to smb/smth i. easy to understand; not causing
confusion

10. To end up j- to block the movement

11. To pile up k. to refer to smth

12. In the face of smth l.without being asked or forced

13. To push back the m. very rapidly

boundaries

14. To be gone for good  n. to make efforts to enlarge the area of
smth

VIII Key Terms

ANGULAR MOMENTUM — the quantity of motion of a moving
object measured as its mass multiplied by its speed

BLACK HOLE — a region in space from which no matter or
radiation can escape; the point of no return is called the event
horizon of the black hole

BLACK HOLE MERGERS — combining of two or more black
holes into one

HAWKING RADIATION process allowed R. Sorkin to determine
proportionality constant between black hole entropy and horizon
area: black hole entropy is precisely a quarter of the event
horizon’s area measured in Planck area (the Planck length about
10733 centimeter, the fundamental length scale related to gravity
and quantum mechanics); the Planck area is its square
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THE HOLOGRAPHIC BOUND was devised in 1995 by L.
Susskind of Stanford University; it limits how much entropy can
be contained in matter and energy occupying a specified volume of
space

THE HOLOGRAPHIC PRINCIPLE was proposed in 1993 by
Nobelist G. Hooft and elaborated by L. Susskind; in the every day
world, a hologram is a special kind of photograph that generates
a full three-dimensional image when it is illuminated in the right
manner. All the information describing the 3-D scene is encoded
into the pattern of light and dark areas on the two-dimensional
piece of film, ready to be regenerated. The holographic principle
contends that an analogue of this visual magic applies to the
full physical description of any system occupying a 3-D region:
it proposes that another physical theory defined only on the 2-D
boundary of the region completely describes the 3-D physics. If a
3-D system can be fully described by a physical theory operating
solely on its 2-D boundary, one would expect the information
content of the system not to exceed that of the description on the
boundary

THE LAW OF ENERGY CONSERVATION — the principle that
the total quantity of energy in the universe never varies

THE SECOND LAW OF THERMODYNAMICS states that the
sum of black hole entropies and the ordinary entropy outside the
black hole can not decrease

THERMAL RADIATION — Hawking radiation

THE ULTIMATE LIMITS OF INFORMATION STORAGE —
a device measuring a centimeter across could in principle hold
up to 10 bits — a mind-boggling amount; the visible universe
contains at least 10 100 bits of energy which could in principle be
packed inside a sphere a tenth of a light-year across; estimating the
entropy of the universe is a difficult problem, however, and much
larger numbers requiring a sphere almost as big as the universe
itself are entirely plausible

THE UNIVERSAL ENTROPY BOUND limits how much entropy
can be carried by a specified mass of a specified size
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IX Vocabulary Practice

Fill in the gaps using the key words given below.

Black hole is a region of space-time from which matter and energy
cannot .... A black hole ... ... from a star which ... ... in on itself
to the ... where its gravity is so strong that nothing, not even light,
can ... from it.

Large stars, about ... ... the mass of the Sun, ... as supernovae
at the end of their life. Enormous amounts of energy ... ... into
space but the ... of the star can collapse under its own ... ... and
begins ... ... into itself surrounding gases and other matter ... light
and radiation. Some smaller stars have ... gravity to collapse to a
singularity and instead ... their protons and electrons into a mass of
neutronsonly ... ... ... across to form neutron stars.

Black holes cannot be seen ... but can be ... because well over
half of the stars ... as binary stars in which each ... around the other
. characteristic ... in their orbits. Since black holes and neutron
stars ... their gravitational fields, these perturbations persist after the
star... ... and an ... number of such objects have now been ... and
studied.

Key words: has collapsed, escape (2), is formed, increasing,
point, are radiated, ten times, gravitational field, including,
core, insufficient, to pull, identified, directly, rotates, detected,
perturbations, retain, causing, has disappeared, explode, exist, a
few kilometers, compress.

X Conversational Practice

Agree or disagree with the statements. Justify your judgements.
Add some sentences to develop your idea. The following sentences
can be useful:
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10.

11.
12.

13.

True enough.

I can’t help thinking the
same.
That’s
thinking.
I couldn’t agree more.

just what I was

That’s the way it should be.
It sounds just right.

I think I disagree (I'm afraid).
Yes, up to a point, but ...

I don’t entirely agree with
you.

That’s one way of looking at
it, but. ..

I don’t think so.

I am afraid, it’s wrong.

. Black holes are the consequence of general relativity.
. In disappearing forever into a black hole, however, a piece of

matter does leave some traces.

The laws of conservation of energy and angular momentum
are upheld by black holes.

. The second law of thermodynamics allows inverse processes.
. In 1970 D. Christodoulou and S.W. Hawking independently

proved that in various processes, such as black hole mergers,
the total area of the event horizons always decreases.

The analogy with the tendency of entropy to increase led
Jacob Bekenstein to propose in 1972 that a black hole has
entropy proportional to the area of its horizon.

The Christodoulou-Hawking theorem fails in the face of the
phenomenon of Hawking radiation as well as the GSL.

In 1986 R. Sorkin exploited the horizon’s role in barring
information inside the black hole from influencing affairs
outside it.

Hawking radiation process allowed R. Sorkin to determine
the proportionality constant between black hole entropy and
horizon area.

The GSL forbids us to set bounds on the information
capacity of any isolated physical system, limits that refer to
the information at all levels of structure down to level X.

In 1980 J. Bekenstein began studying the first such bound.
The holographic bound was devised in 1995 by L. Susskind
and developed by J. Bekenstein.

We cannot answer some of those elusive questions about the
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ultimate limits of information storage.

14. The maximum possible entropy depends on the boundary
area instead of the volume.

15. This surprising result — that information capacity depends
on surface area has a natural explanation if the holographic
principle is true.

XI Write an abstract of the text. Outline the main ideas
and express your point of view. Consult Unit III for
reference.

XII Render the following text.

HEPHbIE ObIPbl

Marepuan us Bukuneguu — cBoGOAHON 3HIMKIIONEIUN

YepHas pgbipa — obnacTb, OrpaHUYeHHasi Tak Ha3blBaeMbIM O-
PMU3OHTOM COBBLITWA, KOTOPYIO HE MOXET MOKMHYTb HU MaTepusi, Hu
nudopmaums. lMpegnonaraercs, 4to Takme obnactm moryt obpaso-
BbIBATbCA, B HaCTHOCTWN, KaK PE3YJSIbTAT KOJJIaNCa MACCMBHbIX 3BE3[,.
Mockonbky maTepusi MOXET nonagaTtb B YepHyto gbipy (Hanpumep,
N3 MEX3BE3AHON CPefbl), HO HE MOXET €€ NMOKMAaTb, MAcca YepHON
LbIpbl CO BPEMEHEM MOXKET TOJIbKO BO3pacTaTh.

CtuBeH XOKMHTF, TEM He MeHee, NoKasas, HTO YepHble Ablpbl MOTYT
TEPATb MACCY 3a CHET N3NYHEHUSA, HA3BAHHOINO U3NyHEHNEM XOKVIHra.
N3nyyenune XokuHra npegcrasnser coboit KBaHTOBbIA 3heKT, KOTO-
pbii He HapywaeT knaccuyeckyto OTO.

13BeCTHO MHOrO KaHANAATOB B YEPHbIE AbIPbI, B YaCTHOCTW CBEPX-
MaCCUBHbIA OOBEKT, CBA3aHHbINA ¢ paguonctodHukom Crpeney A* B
ueHTpe Haweli ManakTukn. BonbWNHCTBO yueHbIx yOeXAeHbI, YTO Ha-
6J'||Op,aeMb|e ACTPOHOMUHECKNE ABNEHNA, CBA3AHHbIE C 3TUM 1N OpYyrA-
MU NOAOOHBIMY 0DbEKTaMU, HAAEXKHO NOATBEPXKAAIOT CYLLLECTBOBAHME
YEPHBIX AbIP, OAHAKO CYWECTBYIOT W Apyrue oObsSCHEHNS: HanpuMep,
BMECTO YEpHbIX Ablp NpeasaraoTcs 6030HHbIE 3B€34bl U APYrie 3K30-
Tn4eckne obbEKTLI.
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Text 1

TO THE BOTTOM OF THE SEA®

Offshore structures have been built in more than 3,000 feet of water. How
much deeper can the technology be pushed?

By José M. Roesset

THE AUTHOR

José M. Roesset is director of the Offshore Technology Research
Center, which is jointly operated by Texas A&M University and the
University of Texas at Austin.

8Copyright 1999 Scientific American, Inc. Extreme Engineering, pp. 73-76
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Word Combinations

to push the technology

to withstand gravity

to affect offshore structures

to be a major consideration

to be rigid against the dynamic

to endure waves and currents
civil engineering efforts

shallow and intermediate waters
to neglect dynamic effects

in synchronicity with motion

forces

with the beats
second apart

to become amplified through

spaced one to secure the assembly to smth

an upside-down pendulum

resonance
to be susceptible to dynamic a buoyant platform
effects

to be limited in the ability to do  to take into account
smth

to be associated with smth to be referred to as

I Read the questions and find answers in the text that
follows.

1. Why are complex dynamic analyses required to determine the

wave and current forces?

2. Why did engineers neglect dynamic effects in the past when

designing shallow water steel jackets?

3. What solutions are proposed for constructions in deeper

waters?

Like skyscrapers and bridges, an offshore platform must withstand
gravity (a structure’s own dead weight could, for example, cause it
to collapse on itself), wind and — depending on its location — ice,
snow and even earthquakes. But deep-sea structures must also endure
waves and currents, and it is these hydrodynamic forces that make
such projects different from most other civil engineering efforts.

Waves and currents affect offshore structures differently. The
action of waves is concentrated near the water surface, and the forces
associated with them dissipate rapidly with depth. Current forces,
on the other hand, subside much more slowly. Thus, although wave
forces may be more significant for traditional jackets in shallow and
intermediate waters, the relative importance of currents grows with
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greater depths. In the Gulf of Mexico, strong loop currents and the
subeddies they spawn, as well as recently detected currents at great
depths, are a major consideration.

To determine the wave and current forces requires knowledge of
the water particle velocities and accelerations as well as the motions
of the main structural elements and other basic components, including
the pipes, risers, mooring lines and tethers. Obviously, the loads vary
with time, so the accurate prediction of how the structure will react
to them requires, in principle, complex dynamic analyses.

In the past, engineers typically neglected dynamic effects when
designing shallow-water steel jackets. This omission was acceptable
because the structures were very rigid against the dynamic forces. In
engineering parlance, the natural period of a steel jacket in shallow
waters is about one second or less. (In other words, the structure
would have a tendency to vibrate with the beats spaced roughly one
second apart, just as a guitar string of a specific length and material
will emit a note of a certain pitch.) The period of the design waves,
on the other hand, is normally around eight to 14 seconds, depending
on the part of the world where the platform is installed.

But construction in deeper waters has led to taller — and inherently
less stiff — structures that are much more susceptible to dynamic
effects such as those caused by waves. For instance, the natural period
of Shell's Cognac platform was reported to be roughly four seconds.
For greater depths, the natural period of conventional steel jackets
would approach that of the waves, and thus the dynamic effects would
become amplified through resonance. (Think of a child soaring higher
and higher on a swing because her parent pushes her in synchronicity
with her motion.)

Because building a very rigid structure in deep water would be
prohibitively expensive, engineers chose a different solution: making
the platforms more flexible so that their periods far exceeded those of
the waves. This approach led to Exxon’s Lena (built in some 1,000 feet
of water in 1983), Amerada Hess's Baldpate (1,700 feet in 1997) and
Texaco's Petronius (1,800 feet in 1998). For stability, Baldpate relies
on mooring lines and Petronius on piles extending to more than one
third the structure’s depth.
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A more recent alternative has been the use of floating structures
tied to the ocean floor. One such solution is a tension leg platform
(TLP), which typically consists of a rectangular deck supported by four
columns at the corners. Below the water surface, pontoons connect the
columns, and four bunches of multiple vertical tendons, one for each
column, secure the entire assembly to the sea bottom. The buoyancy of
the structure creates tension in the tendons, and the structure behaves
as an upside-down pendulum. TLPs have played an important role in
the deep waters of the Gulf of Mexico, as evidenced by Auger (installed
in 2,860 feet in 1994), Mars (2,958 feet in 1995), Ram-Powell (more
than 3,000 feet in 1997) and Ursa (3,800 feet in 1998). Many variations
of the classical TLP with different sizes and numbers of legs or tether
bunches have been proposed and used recently, such as in British-
Borneo’s Morpeth field (1,700 feet in 1998).

Another variation is the spar concept, which consists of a cylindrical
hull anchored with mooring lines that radiate from the center of the
floating structure. Two spars have been installed in the Gulf of Mexico:
Oryx's Neptune (1,900 feet in 1997) and Chevron's Genesis (2,600 feet
in 1998), with several others under design or construction. Still another
option is to use a semisubmersible structure (referred to as a floating
production system) that has a hull like a TLP’s but is held in place
with catenary mooring lines. Also, modified tankers (called floating
production storage and offloading systems) secured to the sea bottom
with mooring lines are being used in many parts of the world but not
in the Gulf of Mexico.

The new structures are very pliant, with natural periods much
longer than those of ocean waves. Such flexibility, however, leads to
other potential problems. Engineers must consider that a structure —
particularly when it is limber — can vibrate at frequencies higher than
the one associated with its natural period (just as overblowing into
a flute results in higher notes). For TLPs, spars and other buoyant
platforms, various nonlinear effects must be investigated.

Vibrations can also be caused by vortex shedding, which occurs
when waves and current move around an object, spawning vortices
that can make the body undulate. Even small waves cause periodic
movements that can contribute to fatigue failure, similar to the way a
metal paper clip will eventually snap if a part of it is bent back and
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forth repeatedly.

To study such effects, researchers must develop more accurate
methodologies to compute the nonlinear wave kinematics, hydrodynamic
forces and structural responses. Much has been accomplished recently
in these fields, but numerous problems require further study.

In addition to computational analyses, scale models in wave tanks
have been used to study structures that were later installed at great
depths in the Gulf of Mexico and in the North Sea. Similar to wind-
tunnel tests for aircraft, such experiments helped to validate proposed
designs by yielding results that were then compared with analytical
predictions. Tests of North Sea platforms led to the discovery of
previously unknown phenomena, such as ringing and springing of
TLPs, in which nonlinear effects cause the structure to vibrate
vertically. Yet even model tests are limited in their ability to determine
the true behavior of a platform in the ocean. Researchers are currently
developing computer simulations that fully take into account nonlinear
hydrodynamics to complement the wave-tank experiments.

A factor that must be considered in such analyses is damping —
the ability of a structure to dissipate energy while vibrating, thus
minimizing the effects of dynamic forces. But damping for offshore
platforms is normally very small; it is mainly associated with vortex
shedding around the hull, tethers and mooring lines. These effects are
difficult to reproduce in lab experiments and to incorporate in computer
models. Although numerical solutions are under development, much
work remains before they can be validated and incorporated into wave-
tank simulations.

II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

IIT Vocabulary Notes

(Oxford Advanced Learner’s Dictionary)

to amplify (verb) — to increase smth in strength or intensity,
especially a sound; amplifier (noun)

a beat (noun) — a stroke of a drum, the sound of this; a rhythm
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to buoy (verb) smb or smth up (especially passive) — to keep smb
or smth floating; buoyant (adj.) — of an object that can float or
continue to float; buoyancy (noun) — the quality of being able to
float

an eddy (noun) — a circular movement of water, air, dust etc.; to
eddy (verb) — to move in or like an eddy (eddying currents)

to endure (verb) — to suffer smth unpleasant or difficult in a
patient way over a long period; endurance (noun)

limber (adj.) — able to bend and move easily

to omit (verb) — to exclude smth, to leave smth; omission (noun)
parlance (noun) — a particular way of speaking or of using words:
in common, modern, official parlance

a pitch (noun) — the quality of a musical note, a voice etc.,
especially how high or low it is

to secure (verb) — 1. to fix smth firmly, to fasten smth; 2. to obtain
smth, sometimes with difficulty; 3. to make smth safe, to protect
smth; secure (adj.) — firmly fixed, not likely to fail, be broken etc.:
a secure foundation

to soar (verb) — to rise quickly high into the air

to space (verb) — to arrange things with regular spaces between;
spacing (noun) — the amount of space left between objects, words,
etc. in laying or setting smth out

to spawn (verb) — to produce smth, often in great numbers

to subdue (verb) — to bring smth under control by force, to defeat
smb or smth; subdued (adj.) — not very loud, intense, noticeable
to subside (verb) — 1. to become less violent, active, intense; 2. to
sink to a lower or to the normal level (of water)

submersible (adj.) — that can be submerged in water

subsidiary (adj.) to smth — connected to but of less importance,
etc. than smth else: a subsidiary question, quest

susceptible to smth (adj.) — easily influenced or harmed by smth;
susceptibility to smth (noun) — the state of being susceptible

to swing (verb) — to move or make smb or smth move backwards
and forwards or round and round while hanging or supported; a
swing (noun) — a swinging movement, action or rhythm: the swing
of a pendulum

to validate (verb) — to show that smth is reasonable or logical: to
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validate a theory or an argument; validity (noun)
to withstand (verb) — to be strong enough not to be harmed or
destroyed by smth

IV Comprehension Exercises

Answer the following questions.

1.

What makes deep sea projects different from most other civil
engineering efforts?
How do wave and currents affect offshore structures?

. What is required to determine the wave and current forces?

Why was the omission of dynamic effects acceptable when
designing shallow water steel jackets?

What did construction in deeper waters lead to?

6. What is the length of the natural period of Shell’s Cognac

10.
11.
12.
13.

14.
15.
16.

17.

platform?

How long is the natural period of conventional steel jackets
for greater depths?

What solution was chosen instead of building a very rigid
structure in deep water?

What technical means are used for stability in this case?
What is a more recent alternative?

What does a tension leg platform (TLP) look like?

What other options have been proposed and used recently?

What potential problems can arise due to great flexibility of
the new structures?

What else can cause vibrations?
What do computational analyses include?

What has been used in addition to computational analyses to
study structures that were later installed at great depths in
the Gulf of Mexico and in the North Sea?

What tests are being currently developed to complement the
wave-tank experiments?
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V Grammar

1. Give the three forms of the verbs: to bend, to build, to grow,
to lead, to choose, to withstand, to withdraw, to hold, to blow,
to ring, to spring, to let, to shed, to swing, to beat.

2. Put in the missing prepositions and adverbs.

a. For stability Baldpate relies ... mooring lines and
Petronius ... piles extending ... more than one third
the structure’s depth.

b. Still another option is to use a semisubmersible structure
(referred ... as a floating production system) that has
a hull like a TLP’s but is held ... place ... catenary
mooring lines.

c. Even small waves cause periodic movements that can
contribute . .. fatigue failure, similar ... the way a metal
paper clip will eventually snap if a part ... it is bent ...
and ... repeatedly.

d. Obviously, the loads vary ... time, so the accurate
prediction ... how the structure will react ... them
requires, ... principle, complex dynamic analyses.

e. This omission was acceptable because the structures
were very rigid ... the dynamic forces.

f. ... other words, the structure would have a tendency to
vibrate ... the beats spaced roughly one second ..., just
as a guitar string ... a specific length and material will
emit a note ... a certain pitch.

g. Another variation is the spar concept, which consists .. .
a cylindrical hull anchored ... mooring lines that radiate
... the center ... the floating structure.

h. Similar ... wind-tunnel tests ... aircraft, such experiments
helped to validate proposed designs ... yielding results
that were then compared ... analytical predictions.

i. Engineers must consider that a structure — particularly
when it is limber — can vibrate ... frequencies higher
than the one associated ... its natural period (just as
overblowing ... a flute results ... higher notes).

3. Fill in the forms of the Participle
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a. The action of waves (to concentrate) near the water
surface, and the forces (to associate) with them dissipate
rapidly with depth.

b. An offshore platform must withstand gravity, wind and
— (to depend) on its location — ice, snow and even
earthquakes.

c. (To invent) his first telescope Galileo made a series of
discoveries.

d. (To realize) the structure and mechanics of the Universe,
Newton laid down the Law of Universal Gravitation.

e. (To invent) simultaneously though independently by
Newton and Leibnitz the differential calculus became a
subject of bitter argument between the supporters and
opponents of the two scientists.

f. (To heat) to a sufficient temperature any body becomes
a source of light.

g. (To ask) how he had made discoveries in astronomy (to
surpass) those of all his predecessors, Newton replied:
“By always thinking about them.”

h. (To set) once in motion, a ball will travel with a uniform
speed and in a straight line for an indefinite period of
time.

VI Phrasal Verbs and Idioms
1. To space out smth apart — to arrange things with regular spaces

between
2. To refer to smb or smth — to mention or speak of smb/smth

VII Exercises

1.Give synonyms to the following words.
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to release  an eddy to emit to soar

to spawn  a beat to vary to yield

to resist pliant to neglect to contribute
to affect rigid to undulate to validate
to subside external to secure roughly

to subdue susceptible to amplify to endure
2. Give antonyms to the following words.

To prohibit, to dismantle, flexible, to decrease, to reject, to loosen.

VII Key Terms

BUNCHES OF MULTIPLE VERTICAL TENDONS — bunches
of multiple vertical cords or ropes

CATENARY MOORING LINES — Hecymiue TpOChI MIBAPTOBLIX’
A CYLINDRICAL HULL ANCHORED WITH MOORING LINES
— OWTHHAPUYECKHUH KOPILYC, KPEISIUHACS ¢ TTOMOIIBIO IIBAPTOBBIX
DAMPING — the ability of a structure to dissipate energy while
vibrating

DEAD WEIGHT — a structure’s own weight

FATIGUE FAILURE — an accident connected with the wear of a
construction and the deterioration of technical performance
LOOP CURRENTS AND SUBEDDIES - powerful spinning
currents of water that pull everything down inside them and
currents that move against the main current in a circular pattern
OFFSHORE STRUCTURES — at sea not far from the land:
offshore rig/anchorage

A PILE — a heavy column of wood, metal or concrete placed
upright in the ground, a river, etc; e.g.: as a foundation for a
building or support for a bridge

A PONTOON — any of several boats or hollow metal structures
joined together to support a temporary road over a river or a
bridge

RINGING AND SPRINGING OF TLPs — the excessive oscillation
and vertical jumping of a platform

RISERS - vertical pipes that transport the petroleum products up

9Russian translation is given in singular cases to ease understanding.
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from the well

A SPAR CONCEPT — a strong wooden or metal pole used to
hold the sails, etc., on a ship

TETHERS — ropes or chains used for tying smth so that it will
stay in a particular place

TRADITIONAL STEEL JACKETS in shallow and intermediate
waters: a steel jacket is a steel outer cover round a tank, pipe, etc.,
used to reduce loss of heat

VORTEX SHEDDING — vortex creation

WIND TUNNEL — an aerodynamic tube

IX Vocabulary Practice

Fill in the gaps using the key words given below.

One ... for building TLPs and other ... floating platforms is to use
...... that are ... to corrosion and fatigue failure. These materials . ..
... for a particular purpose ... ... specific stiffnesses and strengths,
...... weight reductions that then ... to greater overall economy.
......... , a hull that is ... can be made smaller with the resulting
structure still ... even though it ... less water. The size decrease has
... ... waves will have less surface area ... ... on, and the structure
will thus ... less extensive mooring systems and anchor piles for . ...

Phenolic materials have already been ... for the floor gratings,
stairs, partitions and even ... ... of TLPs, saving millions of dollars.
More substantial cost reductions could ... ... if the tethers, mooring
lines and risers (vertical pipes that ... the petroleum products up from
the well) could also be made of composites ... of a resin matrix with
glass or carbon fibers, or ... ... of both.

The main obstacle is a lack of knowledge about the ... ... ... of
these materials. Much ... remains to be done to determine their ...
and degradation, among other effects. The impracticalityof ... ... ...
30 or 50 years to gain ... ... ... before using the new materials . ..
... the development of instrumentation and nondestructive evaluation
techniques that can ... their performance as they are being used
underwater. This capability is ... because a composite pipe, for
example, can ... significant internal damage and deterioration before
any ... ... become visible.
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Key words: used, has motivated, long-term underwater
behavior, suffer, stability, be achieved, to push, lead, to provide,
resistant, buoyant, deepwater, are made, an advantage, lighter,
approach, composite materials, resulting in, for one thing, displaces,
require, bearing walls, consisting, research, monitor, crucial,
transport, a combination, having to wait, the necessary experience,
aging, external symptoms.

X Conversational Practice

Agree or disagree with the statements. Justify your judgements.
Add some sentences to develop your idea. The following sentences
can be useful.

© N

10.
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I absolutely agree. To a certain extent, yes,
but. ..

I'm very much in favour of I see your point, but ...

that.

That is just what I had in It is absolutely wrong.

mind.

. The only forces an offshore platform must withstand are the

forces of gravity, wind, ice and earthquakes.

Waves and currents affect offshore structures in the same way.
To determine the wave and current forces complex dynamic
analyses are required.

In the past the omission of dynamic effects when designing
shallow-water steel jackets was acceptable.

Construction in deeper waters has led to taller — and
inherently less stiff — structures that are more susceptible to
dynamic effects such as those caused by waves.

Building a very rigid structure in deep water would be cheap.
TLPs have played no role in deep water constructions.
Three other variations have been proposed and used recently.
For TLPs, spars and other buoyant platforms, various
nonlinear effects may be neglected.

In addition to computational analyses, scale models in wave
tanks have been used to study structures that were later
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installed at great depths in the Gulf of Mexico and in the
North Sea.

11. Model tests are limited in their ability to determine the true
behaviour of a platform in the ocean.

12. Damping is the ability of a structure to conserve energy.

XI Outline the main ideas and write a summary.
XII Render the following text.

Hedranas nnatdopma “Deepwater Horizon™ 3atonyna 22 anpens 2010
roga nocne 36-4acoBoro noxapa, noCAe40BaBLUErO BC/E 32 MOLLHbIM
B3pbiBoM. [ocne B3pbiBa M 3aTonneHus HedTsiHas CKBaKMHa Obina
NoBpeXAeHa 1 HepTb U3 Hee cTana nNoctynaTh B Bogbl MekcumkaHckoro
3a/uMBa.

HedbTtsaHoe natHo okpyxHoCTbio 965 KnnomeTpos npubnusmnocs
Ha paccTosiHue npumepHo 34 kunomeTtpa K nobepexbto wrata Jlyun-
3MaHa, CO3[ano0 yrposy Mskam v paiioHam pblIDONOBHOrO NpoMbICAa,
KOTOpbIE MrPalOT BaXKHEMLLYIO POJib B SKOHOMUKE NPUOPexHbIX LiTa-
TOB. 26 anpensi 4eTbipe NOABOAHLIX poboTa komnaHuu BP Gesycnews-
HO MbITAJNNCL YCTPaHWTb yTedky. Pabote dnotumnum, cocrosiweii n3
49 bykcupos, bapx, cnacaTefbHbIX KaTepoB 1 APYrux CyA4o0B, MeLanu
CUJIbHBIE BETPbI N BOJIHEHWE HA MOPE.

B obHapogosatHom 20 utoHst BHyTpeHHem otyeTe BP coobujaercs,
4TO 0OBEM yTeukn MOXET cocTasasATb Ao 100 Teicay Gappeneii (okono
14 000 ToHH nnu 16 000 000 nuTpoB) exeaHeBHO Oe3 yyeta 0bbEMOB
HedbTI, KOTOPYIO yAAETCst COOPaThb MpY MNOMOLLM 3aLWNTHOrO Kynona (a
370 0Kon10 15 Thicsay Bappeneii B gexb). [ns cpaBHeHus: obbem pas-
nuea HedpTh, NpounsoLLeLIE B pe3ynbTaTe aBapmmn Ha TaHKepe DKCOH
Banbpes, koTopas paHee cuutanack Hanbonee paspylunTeNbHON Aast
9KOJIOrN KaTacTpooii, KOTopasi Korga-nnbo Nponcxoaunia Ha Mope,
coctasun okono 260 Teic. bappeneii HedTn (okono 36 000 ToHH uan
40 900 000 smTpos).

Mo coctoaHuto Ha 16 urona 2010 roga OCHOBHAsA CKBaXKMHa 3a-
repmMeTu3npoBaHa, u no coobueHnsim BP Bbibpoc HedbTn B OTKpbITHIN
okeaH npekpatweH. OQHaKO HalEXHOCTb KOHCTPYKLMN HAXOANTCS NOj,
Bonpocom, n npegcrasutenn BP nogreepxgator, 4to oHa aensietcs
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BPEMEHHbIM pelueHneM. B pesynbraTe ycTaHOBKM 3alMTHOro Kymno-
Jla BO3MOXXHO MOSIBJIEHNE AOMOJIHUTENbHBIX YTeYeK, B Cly4ae, ecnu
noA3eMHas 4acTb CKBaXKMHbI TOXe NoBpexaeHa. B Heckonbkux kuno-
MeTpax OT CKBaXKnHbl 18-ro 4ucna Gbina obHapy>keHa HOBas yTedka.
Hecmotpsi Ha repmetusaunto, Ha npoTtskeHun 85 gHeild yTedku mu-
pOBOIl OkeaH Obin 3arpsizHeH Gonee Yem 4 munnuoHamu Gappeneit
HecdbTenpoaykTos (npumepHo 0.54 MAH TOHH), 1 MOCNEACTBUS KaTa-
cTpodbbl eLe CnoXxHO oueHunTs. Npeacrasutens npasutensctea CLLA,
OTBEYAOWNIA 32 yCTPaHeHMe NOCNeACTBINIA yTeukn HedpTu B MekcukaH-
CKOM 3annBe, coobuwmn B BOCKpeceHbe 19 ceHTsbps, 4TO noBpexaeH-
Has NoABOAHAA CKBa>XWHa 6b|J’la NeEpPEKpPbITAa HaBCerga — 4epe3 nsaTb
MecsiLleB NOC/ie B3pbiBa Ha HedTsAHON nnatgopmMe, KOTOpbI NpuBen K
KpynHeiiweii ytedke HedpTu B uctopun CLLA.

Mamepuana u3 Buxkuneduu — c60600H0t sHUUKAONEIUY
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Text

WHY THINGS BREAK!

Scientists have known for most of this century that chemistry is responsible
for whether a solid shatters or bends. But only now are they finding a way
to predict which type of failure will win

by Mark E. Eberhart

THE AUTHOR

Mark E. Eberhart became intrigued with applying chemistry
fundamentals to problems of materials failure as an undergraduate
chemistry major at the University of Colorado. His interest grew
out of attempts to strengthen the kayaks he built, making them
less likely to shatter against river boulders. This interest carried him
to the Massachusetts Institute of Technology, where he received a
Ph.D. in materials science in 1983. Since that time, he has worked to
develop more robust models of chemical bonding useful in the design
of materials with predictable intrinsic properties. Now an associate
professor of chemistry and geochemistry at the Colorado School of
Mines, he directs the school's Center for Computation and Simulation
for Materials and Engineering.

10Scientific American, October 1999, pp. 71-73
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Word Combinations

to drop below the elevation to favour one process over the
other

to cease to exist to identify the critical points

relevant experiments thinking back to the analogy

to gain or lose altitude to have the predicted effect

to run through the points iron substituted for nickel

the flip side of smth equal charge density

I Read the questions and find answers in the text that
follows.

1. When does a bond break?
2. How can a bond form?

FIRST PREDICTIONS

Associating bonds with a well-characterized feature of the charge
density made possible the first description of bond breaking as a
topological process. When two bound atoms inside a solid are pulled
apart, the curvatures along the bond and in two perpendicular
directions change. When the curvature along one or both of these
directions vanishes, so does the topological connection between the
atoms. The key: a bond is broken not when the charge density
between atoms vanishes but when the two atoms lose their topological
connection.

Using the topological description of bonding, along with the
magnitude of the principal curvatures involved, we can form a more
quantitative analysis of fracture. Consider a saddle point in two
dimensions using the analogy of the mountain range. Starting at the
pass between two mountains, you could walk in any of four directions,
two around each peak, along which your altitude (and therefore the
charge density) would not change. If four people started at the pass,
and each took off in a different one of these directions, their paths as
seen from above would form an X. A plane containing these X-shaped
paths makes an acute angle with the direction that most steeply
descends toward a lake in the basin below, which is the area of least
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charge density. This angle turns out to be related to the ratio of the
two principal curvatures.

Pulling the two peaks (or atoms) apart removes charge from the
bond, just as blasting away rock and dirt would lower the elevation
of the pass. The size of the original angle tells us how much dirt can
be moved, and as excavation progresses that angle becomes smaller
and smaller. As this angle approaches zero, the pass drops below the
elevation of the lake surface, which begins to drain. The bond breaks
— and the pass ceases to exist — when the angle is equal to zero. By
that time the pass has reached the same elevation as the lowest point
in the basin, and the last drop of lake water has drained away.

Similarly, a bond could form by adding charge to a minimum. This
bond-building process is like trucking in dirt from the excavated pass
to form an earth embankment, or ridgeline, through the center of the
lake. In short, a bond breaks when charge is taken away from the area
around a saddle point; a bond can form when charge is added near a
minimum.

The mountain pass analogy is more complex when used to
characterize the charge density in three dimensions. The angles used
to measure the charge density must now be defined by geometric
shapes. (In this case, charge density is more like moving through a
bottomless ocean of molasses that is stickier in some directions than
others.) Instead of a flat plane containing the four directions you could
walk without gaining or losing altitude, we must now visualize a shape
that would contain all the directions in which the charge density is
equivalent.

If you take the X formed by the two-dimensional directions of equal
charge density and rotate it around its axis along the chemical bond,
you get two cones positioned point to point. The outside edge of the
cone makes an acute angle with a plane positioned perpendicular to
the bond and running through the points of the cones. This is the
angle that provides a measure of the amount of charge that must be
lost from the saddle point to cause the bond to break. As the angle
gets smaller, the bases of the cone approach each other and eventually
form a disk. As in the two-dimensional scenario, the larger the starting
angle, the more charge must be removed to reduce the angle to zero
and break the bond.
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The flip side of bond breaking is bond formation, and we must
understand both to describe failure. Just as a cone can represent a
bond, other geometric shapes can represent other critical points. A
minimum, which can become a bond if enough charge is added near
the point, is represented by an ellipsoid. In this case, two angles are
necessary to specify its shape and to measure the amount of charge, or
dirt, that must be transferred from a saddle point to form a bond. The
angles also tell you whether it will be easier to build an embankment
across the lake in one direction than another.

With unique geometric representations for all a solid's critical
points, we can measure exactly when and in what amounts the
charge density is changing during bond formation and bond breaking,.
Whether a material fails by brittle or ductile means depends on which
of these processes dominates, so it follows that we should be able to
favor one over the other. | applied this line of reasoning to explain the
failure properties of nickel aluminide and two closely related alloys,
the aluminides of iron and cobalt.

All three of these compounds have identical structures and thus
provided the ideal test case for the new approach to describe materials
failure. | wanted to explain the difference in properties of the three
alloys, which had not been done using conventional models, and to
suggest elements that could be added to nickel aluminide to make it
more ductile. That meant | had to get original bonds to stay around
as long as possible and to encourage new bonds to form along the slip
plane as early as possible. That trade-off would entail taking charge
from the breaking bonds to form new ones. To figure out in what
instances this was possible, | needed new computer programs that
would generate the numbers required to map out the charge density
and to evaluate its changing topology.

James M. MacLaren of Tulane University developed just the tools
that | required to calculate the charge density for the three aluminides
and, most important, to identify the critical points and the various
angles needed to describe them. What I first discovered in the computer
simulations was consistent with the failure properties of these metals
that had been discovered in experiments. For example, iron aluminide,
known to be the most ductile of the three alloys, showed the most
charge in its bond around the saddle point between iron and aluminium
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atoms. This aluminide also showed the flattest minimum between
adjacent aluminum atoms, thereby requiring the least charge to build
a bond there.

The suggestion that the failure properties of these three alloys could
be reduced to knowing the shape of the charge density around only two
points allowed me to take the next step. | predicted that | could alter
the failure properties of nickel aluminide by substituting an element
for some of the nickel atoms that directed more charge along the
nickel-aluminum bond to be available for building new bonds between
aluminum atoms in the minimum. This charge redistribution would
refine the shape of the charge density to that of a more ductile material.

Because every element has a specific shape to its charge in a
given environment, it was a simple matter to identify iron as the best
substitute. Thinking back to the analogy of the mountain range, | knew
that every element makes a mountain with different slopes falling away
from its peak. Standing next to a mountain of aluminum, a mountain
of iron puts more rock into the pass and forms a flatter basin than
does a nickel mountain. With iron, | have enough rock to remove it
from the bond and build a new ridgeline between aluminum atoms in
the basin. A cobalt mountain, on the other hand, contributes too little
rock to the pass to build the ridgeline.

By the time | had made my predictions, the empirical search for
alloying elements to improve nickel aluminide had been under way
for nearly 15 years, so there was every reason to believe that other
researchers already knew whether iron produced improvements in
its ductility. At a meeting late last year, | discovered that relevant
experiments showed that 10 percent iron substituted for nickel has
exactly the predicted effect.

II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

IIT Vocabulary Notes

(Oxford Advanced Learner’s Dictionary)
adjacent (adj.) — situated near or next to smth
elevated (adj.) — higher than the area around; elevation (noun)
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— the height of the place, especially above the level of the sea; to
elevate (verb)

to entail (verb) — to involve smth as a necessary or inevitable part
of consequence

an embarkment (noun) — a wall or ridge of earth, stone, etc. made
especially to keep water back or to carry a railway or road over
low ground

relevant (adj.) to smth/smb — closely connected with smth
appropriate in the circumstances; relevance (noun)

to shatter (verb) — to break or make smth break suddenly into
pieces; shattering (adj.) — shocking or very disturbing; shatterproof
(adj.) — designed not to shatter

to substitute (verb) — smb/smth for smb/smth — to put or use
smb/smth instead of smb/smth else: ten per cent of iron substituted
for nickel has exactly the predicted effect; a substitute (noun)

to visualize (verb) — to form a mental picture of smb/smth in
one’s mind

IV Comprehension Exercises

Answer the following questions.

1. What made it possible to describe bond breaking as a
topological process for the first time?

2. What can be formed with the help of the topological
description of bonding and the magnitude of the principal
curvatures?

3. Can you consider a saddle point in two dimensions using the
analogy of the mountain range?

4. What does pulling the two peaks (or atoms) apart initiate?

5. What happens to the pass as the size of the original angle
approaches zero?

6. When does the pass cease to exist?

7. Why is the mountain pass analogy more complex when used
to characterize the charge density in 3-D?

8. How must the angles used to measure the charge density be
defined now?
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10.

11.

12.
13.
14.

15.
16.

17.
18.

What will you get if you take the X formed by the two
directions of equal charge density and rotate it around its
axis along the chemical bond?

What does the acute angle made by the outside edge of the
cone with a plane, positioned perpendicular to the bond and
running through the points of the cone, provide?

By what figure is a minimum which can become a bond
represented?

In which case can a minimum become a bond?

What will be necessary in this case?

When and in what amounts is the charge density changing
during bond breaking and formation?

What line of reasoning did the author apply to explain the
failure properties of the three alloys?

What was discovered in computer simulations?

What did the author predict?

Why was iron chosen as the best substitute?

V Grammar

1.

2.

Give the three forms of the verbs: to break, to bound, to lose,
to take, to see, to tell, to make, to begin, to get, to run, to
understand, to become, to build, to mean, to know, to show, to
give, to think, to fall, to stand, to do.

Put in the missing prepositions and adverbs.

a. When two bound atoms ... a solid are pulled ..., the
curvatures ... the bond and ... two perpendicular
directions change.

b. When the curvature ... one or both ... these directions
vanishes, so does the topological connection ... the
atoms.

c. Using the topological description ... bonding, along ...
the magnitude ... the principal curvatures involved, we
can form a more quantitative analysis ... fracture.

d. Starting ... the pass ... two mountains, you could walk

. any ... four directions, two ... each peak, ... which
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your altitude (and therefore the charge density) would
not change.
If four people started ... the pass, and each took ... in

a different one ... these directions, their paths as seen
from ... would form an X.

A plane containing these X-shaped paths makes an acute
angle ... the direction that most steeply descends ... a
lake ... the basin ..., which is the area ... least charge
density.

This angle turns out to be related ... the ratio ... the
two principal curvatures.

Pulling the two peaks (or atoms) ... removes charge ...

the bond, just as blasting ... rock and dirt would lower
the elevation ... the pass.

. This bond-building process is like trucking ... dirt ...

the excavated pass to form an earth embankment, or
ridgeline, ... the center ... the lake.

. short, a bond breaks when charge is taken ... ... the
area ... a saddle point; a bond can form when charge is
added ... a minimum.

If you take the X formed ... the two-dimensional
directions ... equal charge density and rotate it ... its
axis ... the chemical bond, you get two cones positioned
point ... point.

The outside edge . .. the cone makes an acute angle ... a
plane positioned perpendicular ... the bond and running

... the points ... the cones.
Whether a material fails ... brittle or ductile means
depends ... which ... these processes dominates, so it

follows that we should be able to favor one ... the other.

3. Put the sentences in the proper tense and mood.
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a.

If four people (to start) at the pass, and each (to take
off) in a different one of these directions, their paths as
(to see) from above (to form) an X.

The bond (to break) — and the pass (to cease) to exist
— when the angle (to be) equal to zero.
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C.

By that time the pass (to reach) the same elevation as
the lowest point in the basin, and the last drop of lake
water (to drain) away.

By the time I (to make) my predictions, the empirical
search for alloying elements to improve nickel aluminide
(to be) under way for nearly 15 years, so there (to be)
every reason to believe that other researchers already
(to know) whether iron (to produce) improvements in
its ductility.

4. Make up sentences according to the pattern: As in the two-
dimensional scenario, the larger the starting angle, the more
charge must be removed to reduce the angle to zero and break
the bond.

a.

b.

€.

(Fast) the particle is moving, (steep) the slope of the
tangent line.

Aristotle thought (heavy) an object was (much) of this
force it possessed.

(Small) the particle, (fast) the decay of its orbit.
(Large) the redshift, (small) the universe was when the
supernova occurred and hence (much) the universe has
expanded between then and now.

(Far) an object falls, (fast) it moves.

5. Translate into Russian.

a.

b.

d.

Whether gravitational waves will be detected remains to
be seen.

Sceptics must be forgiven for wondering whether this
really is the end of the matter.

There is a wide-spread misconception, however, that
the curvature of the universe determines whether the
universe is finite or infinite in extent.

These analyses will show whether the solution is
adequate.

6. Give the Russian equivalents to the following parenthetical
words. Go on with your own examples.

By the same token, thereby, hence, therefore, however, thus,
although, consequently, conversely, in particular, basically, in
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essence, nevertheless, in short, in fact, finally, besides, further
on, moreover, so far, ultimately, on the whole, in the meantime,
obviously, eventually.

VI Phrasal Verbs and Idioms

to pull apart — to break apart

to take off — to start moving or running suddenly and in a hurry;
about a plane — to rise into the air

to turn out to be smth — to be discovered to be, to prove to be
to blast away — to damage or destroy smth by an explosion or a
powerful movement of sudden air

to drain away — to flow away or to make a liquid flow away

to take away — to remove smth away from smth

to run through smth — to pass quickly through smth

the flip side of smth — another aspect of a situation

to stay around — to remain or continue to be in the same place
to trade smth off — to exchange smth for smth else which one
wants very much but which one can not have or do both

to figure out — to understand smth by thinking about it; to
calculate smth

to map smth out — to plan or arrange smth in detail

to think back to smth — to recall smth in the past

to fall away — to leave, to desert

VII Exercises

1.Give synonyms to the following words.

to bind to contribute to entail to investigate
to vanish to provide adjacent flexible

to excavate to gain to refine the main

to cease to specify to substitute inherent

to prevail to position elevation

to visualize to encourage to foretell

to demand  to shatter to transfer

2. Give antonyms to the following words.
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Relevant, to degenerate, to diminish, to reduce, to approach, to
ascend, favourable, to gain, limber, secure, consistent.

3. Match up the phrasal verb or the idiom in the left column with
its equivalent in the right one.

1. to figure out a. to take into account

2. to blast away b. to leave, to desert

3. to map out c. to remain in the same place

4. to think back d. to plan or arrange smth in detail
5. to pull apart e. to flow away

6. to take off f. to damage or destroy smth

7. to fall away g. to start moving or running

8. to stay around h. to prove to be

9. to drain away i. to break apart

10. to run through j. to remove smth away from smth
smth

11. to take into k. to exchange smth for smth
consideration

12. to turn out to be 1. another aspect of a situation
13. the flip side of smth m. to pass quickly through smth
14. to trade off n. to calculate

15. to take away o. to recall smth in the past

VIII Key Terms

AN ALLOY — a metal formed of a mixture of metals or of metal
and another substance: brass is an alloy of copper and zinc

A BOND — a force that holds atoms together

BRITTLE MATERIALS — hard but easily broken, fragile
CHARGE DENSITY — an amount of electricity contained in a
substance

A COMPOUND — a substance consisting of two or more elements
in a chemical combination in mixed proportions

A CONE — a solid figure that slopes up to a point from a circular
flat base

DUCTILE METALS — metals such as copper or alluminium that
can be pressed or pulled in two different shapes

A FRACTURE — an instance of breaking smth
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A PASS — a road or way over or through mountains

A RATIO — a relationship between two things expressed as two
numbers or amounts

A RIDGELINE — a line along the top, where two sloping surfaces
meet

IX Vocabulary Practice

Fill in the gaps using the key words given below.

A theory for ... materials that behave as they are intended could
revolutionize — even replace - the conventional ... ... ... ... that
...... billions of dollars and years of researchers’ time.

The search has already ... for new ... that areeven ... and ... -
and more capable of ... these properties at even higher temperatures.
These ... alloys will find uses in supersonic and ... aircraft sometime
after the year 2010. But the development program for these materials
will ... differently than all others in human history.

...... searching blindly for a base alloy with the ideal set of ...

.., materials designers will use computers to calculate the ... ...

of candidate base alloys. From this information they will ... how the

charge density must ... ... to produce desired properties and then . ..

. as to which alloying elements will produce these changes. ... ...
...... , a new alloy will be designed beginning with its ... ....

Key words: for the first time, determine, rather than, lighter,
eat up, proceed, trial-and-error searches, begun, retaining, charge
density, alloys, make predictions, stronger, improved, hypersonic,
intrinsic properties, be changed, electronic structure, creating.

X Conversational Practice

Agree or disagree with the statements. Develop your idea. Use the
following expressions.
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1.

10.
11.

12.

That’s quite right/true. Not really.
Yes, perhaps you have a point  No, I don’t think. ..
there.

Yes, of course. I see what you mean, but. ..

Yes, that’s quite correct. There’s a lot in what you say,
but. ..

Exactly. Yes, maybe/perhaps, but ...

A bond is broken when the charge density between atoms
vanishes.

. Using the topological description of bonding along with the

magnitude of the principal curvatures involved, we can form
a more quantitative analysis of fracture.

If four people started at the pass and each took off in a
different one of these directions their paths as seen from above
would form an X.

A plane containing these X-shaped paths makes an acute
angle with the direction that most steeply descends toward
a lake in the basin below, which is the area of most charge
density.

. Pulling the two peaks (or atoms) apart removes charge from

the bond, just as blasting away rock and dirt would lower the
elevation of the pass.

The bond breaks — and the pass ceases to exist — when the
angle is equal to zero.

A bond couldn’t form by adding charge to a minimum.

The mountain pass analogy is not more complex when used
to characterize the charge density in three dimensions.

As in the two-dimensional scenario, the larger the starting
angle, the more charge must be removed to reduce the angle
to zero and break the bond.

The flip side of bond breaking is bond formation.

A minimum, which can become a bond, if enough charge is
added near the point, is represented by an ellipsoid.

With unique geometric representations for all a solid’s critical
points, we can measure exactly when and in what amounts
the charge density is changing during bond formation and
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bond breaking.

13. The author applied this line of reasoning to explain the failure
properties of nickel aluminide and two closely related alloys,
the aluminides of iron and cobalt.

14. What the author first discovered in the computer simulations
wasn’t consistent with the failure properties of these metals
that had been discovered in the experiments.

15. The author predicted that he could alter the failure properties
of nickel aluminide by substituting an element for some of
the nickel atoms that directed more charge along the nickel
aluminium bond to be available for building new bonds
between aluminium atoms in the minimum.

16. It was a complex matter to identify iron as the best substitute.

17. Thinking back to the analogy of the mountain range, the
author knew that every element makes a mountain of equal
slopes falling away from its peak.

XI Outline the main ideas and write an abstract.

XII Render the following text.

KOMMNO3UNUNOHHBLIA MATEPUAN

KomnosnuuoHHbiii matepuan (komnosut, KM) — uckycctseHHO co-
30aHHbI/i HEOOQHOPOAHbIV CMAOWHOW MaTepuas, COCTOAWMA N3 ABYX
nnm bonee KOMMNOHEHTOB C YETKOI rpaHuueli pa3gena mexay Humu. B
6OJ'IbLLIVIHCTBe KOMMNO3NTOB (33 NCKNO4YeHNnemM CJ'IOI/ICTbIX) KOMMOHEHTbI
MO>XXHO pPa3fennTb Ha MaTpuuy 1 BKAKOYEHHbIE B HEE apMupyrouimne
aneMeHTbl. B kOMNo3nTax KOHCTPYKLMOHHOMO HA3HAYEHUsI apMUpPYIO-
LMe 3/1eMEHTbI 0BbIYHO obecneynBatoT HEODXOAMMbIE MEXaHUYeCcKne
XapaKTepucTukn matepumana (MpoOYHOCTb, XKECTKOCTb 1 T.4.), a MaT-
puua (nnu cessyowiee) obecne4nBaeT COBMECTHYIO paboTy apmupyto-
LWNX SNEMEHTOB N 3aLNTY NX OT MEXAHUHECKUX noepe»(p,eHmﬁ n arpec-
CMBHOI XMMMNYECKON cpeppbl.

MexaHuueckoe nosegeHne KOMMNO3MLMA ONPeaensieTCss COOTHOLLE-
HMEM CBOWCTB APMUPYHOLWNX SNEMEHTOB M MATPULbl, @ TaKXe Npo4-
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HOCTbBIO CBA3N MEXAY HUMMU,
dekTnBHOCTL M paboTOCNOCOBHOCTL MaTepuana 3aBUCAT OT
MPaBUbHOrO BbIOOPA WCXOAHBIX KOMMOHEHTOB W TEXHOMOMMU  UX
coBMelLleHnA, |'|p|/|3BaHHOI7I O6eCI'Ie‘-IVITb MPOYHYHO CBA3b MEXAY KOM-
MOHEHTAMWN NPUN COXPAaHEHNN NX NEPBOHAYAJIbHbIX XapPaKTEPUCTUK.

B pesynbraTe CoBMELLEHMSI apMUPYOLWMX 3JIEMEHTOB 1M MaTpu-
Ubl 0Dpa3yeTcsi KOMMEKC CBOWCTB KOMMO3MLUMMA, HE TONIbKO OTpaXka-
IOLMIA NCXOAHbBIE XapaKTEPUCTUKM €ro KOMMOHEHTOB, HO U BKJIIOYa-
fownii CBOMCTBA, KOTOPLIMU M30MPOBAHHbLIE KOMMOHEHTLI He obna-
patot. B wactHocTn, Hanu4yue rpaHny pasgena mexay apMupyrowmmM
21IEMEHTaAMUN N ManVILl.eﬁ CyLWEeCTBEHHO NOBbILLAET TpeLIJ.VIHOCTOi;IKOCTb
mMaTepuana, B KOMNO3NUUsX, B OTIMYNE OT OQHOPOAHbLIX METaJIOB,
MOBbILIEHNE CTATUYECKON MPOYHOCTM MPUBOLUT HE K CHUXKEHWIO, a,
KaK MpaBuIo, K MOBbILIEHUIO XapaKTEPUCTUK BSA3KOCTU Pa3pyLLEHUsI.

ﬂ'ﬂﬂ CO34aHNA KOMNO3NUNM NCNONb3YHOTCA CaMbl€ Pa3Hbl€ apMun-
pyrowme HanOJTHNTENN N MaTPpULbI. 3TO — FreTUHAKC N TEKCTONNT (CHO—
UCTbIe NAACTUKI U3 ByMarn nam TKaHu, CKJIEEHHON TEpMOPEaKTUBHbLIM
KJieeM), CTekNo- 1 rpacpuTonnacTt (TKaHb WM HAMOTAHHOE BOJIOKHO
U3 CTekaa wan rpacuta, NPONNTAHHBIE SMOKCUAHBIMU Knesimu), da-
HEpa. .. ECTb MaTepunasibl, B KOTOPbIX TOHKOE BOJIOKHO N3 BbICOKO-
MPOYHbLIX CMJIABOB 3a/MTO aJtoMuHMeBon maccoin. bynat — opuH n3
IPEBHENLINX KOMMNO3ULNOHHbIX MaTepunasios. B Hem ToH4aiwme crion
(nHorpa HUTKM) BLICOKOYrNEPOAUCTON CTaNN KCKJIEEHBI» MSITKAM HI3-
KOYF/IEPOAHBIM XKENE30M.

B nocnegHee Bpems maTepumanoBefbl 3KCNEPUMEHTUPYIOT C LENbIO
co3patb bOonee ygobHble B MpOM3BOACTBE, a 3Ha4uT — u bonee pe-
LeBble MaTepuanbl. VICCJ'le'D,yIOTCﬂ CaMopacTyuime Kpucrtannm4eckme
CTPYKTYpbI, CKJIEEHHbIE B €ANHYIO MACCy NOJIMMEPHBIM KieeM (LeMeH-
Tbl C foDaBKamu BOJOPACTBOPMMbIX KJIEEB), KOMMO3WULMAN N3 TEPMO-
MaacTa ¢ KOPOTKMMU apMUPYIOLLUMU BOJIOKOHLLAMM 1 M.

Mamepuana u3 Buxkuneduu — c60600H0U sHUUKAONEIUY
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Text

HARDER THAN ROCKET SCIENCE!!

If launching a rocket to the moon sounds tough, try flying an aircraft into
space at speeds topping Mach 20

by Ken Howard

THE AUTHOR

Ken Howard is a freelance writer based in New York City. He would
like to be a passenger on the inaugural hypersonic flight from Tokyo
to Washington, D.C., but only if he has sufficient legroom.

' Copyright 1999 Scientific American, Inc., The Powerful, The Strong, The
Fast, pp. 62-64
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Word Combinations

to sound tough to mount an engine

to operate at low speeds to take advantage of smth

to break through a limit to be accompanied by smth
to break free of Earth’s to surge to a point
atmosphere

to be inherently limited a multimode operation

to handle speeds a paradigm shift

to enable a leap in speed relatively low maneuverability
to generate tremendous heat  to yield significant advances
not to do any good a drop in airflow speed

to bring new potentials state-of-the-art turbine materials
to access space under such conditions

to provide a thrust at speeds topping Mach 20

I Read the questions and find answers in the text that
follows.

1. How does a conventional turbojet engine create a thrust with
a maximum performance of Mach 3-47

2. How does a ramjet achieve a leap in speed to about Mach 67

3. In what way was a new engine redesigned?

For the past 30 years McClinton, the NASA engineer, has been
trying to break through one limit, working to build a jet aircraft capable
of hypersonic speeds so far reached only by rockets. Early next year
NASA'’s Hyper-X program, on which McClinton serves as technology
manager, will test the world's first air-breathing — that is, nonrocket
— engine to be propelled by its own power to Mach 7, or seven times
the speed of sound.

If this new type of jet engine succeeds, the implications could be
huge. “The paradigm shift could be as significant as the shift from
propellers to jets,” asserts Hyper-X program manager Vincent Rausch.
“It brings new potentials to access space and get from one place to
another faster.”

Air-breathing engines are what conventional military and passenger
aircraft use for propulsion: air is sucked into an engine to be mixed with
burning fuel, creating thrust, which propels the aircraft forward. Most
of these engines are turbojets, which have a maximum performance

124



Unit VII

of between Mach 3 and 4. The fastest aircraft propelled by an air-
breathing engine, the SR-71 Blackbird, reached speeds of just over
Mach 3. The Concorde can fly at Mach 2 and an F-15 fighter at Mach
2.5, whereas a 747 limps along at a relatively sedate Mach 0.8, or
about 550 miles per hour (880 kilometers per hour).

But to break free of Earth's atmosphere and enter space, a vehicle
must reach the range of Mach 20 to 25. For satellite launches and
the space shuttle, giant rockets provide this thrust. But rockets are
heavy and nonreusable, and they have relatively low maneuverability
and require vertical takeoffs. Safety is another issue. “There is a great
advantage in getting away from solid rockets, where you're basically
lighting a Roman candle and letting it burn,” notes Laurence R. Young,
Apollo Professor of Astronautics at the Massachusetts Institute of
Technology.

Well aware of the disadvantages of rockets, scientists at NASA,
the U.S. Air Force and many foreign laboratories have been trying to
develop an alternative. Their efforts have yielded significant advances
in engine design over the past 40 years. In conventional turbojets,
turbines compress the incoming air, putting it under great pressure as
it is fed to burning fuel. The combustion products then expand back to
atmospheric pressure as they exit the engine, thus creating thrust. But
turbines are inherently limited in how fast they can power a plane. As
the blades spin faster, they bring in more air and create greater thrust.
With the increase in plane speed, however, the air hitting the turbines
dissipates more heat. The danger with supersonic flight is that the
engine could literally melt away. According to McClinton, even state-
of-the-art turbine materials can handle speeds only up to about Mach
3.5.

For faster vehicles, engineers have taken advantage of the
supersonic airflow into the engine by designing the system to act
as its own compressor. Turbines and a mechanical compressor are
replaced by an inlet valve that funnels the air, ramming it into a space
so quickly that it compresses itself. These engines, called ramjets,
have enabled a leap in speed up to about Mach 6. They have been
used with missiles in which propulsion is switched to ramjets once the
rockets have achieved supersonic velocities.
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Under such conditions, however, the air is moving so fast that when
it hits the combustion chamber to mix with fuel, the resulting drop in
airflow speed generates tremendous heat. At Mach 6, the temperature
reaches 6,000 degrees Fahrenheit (3,300 degrees Celsius), leading to
chemical dissociation. Combustion begins, but instead of water forming
— which would be accompanied by a tremendous rise in pressure and
enormous thrust — the reaction produces free radicals at much lower
pressure and thrust. In other words, the aircraft slows.

To prevent that, engineers again redesigned the engine, changing
the inlet valve so that the decrease in airflow speed is less severe.
As a result, the temperature does not surge to the point at which the
combustion process breaks down. Because this new design relies on the
supersonic combustion of the rammed airflow, the engine was dubbed
a scramjet.

But solving one problem — high temperatures — led to another.
Now the challenge was to get the supersonically moving air to
mix uniformly with the fuel and combust within milliseconds. The
perfection of this technology, details of which are currently classified,
finally allowed for the construction of a functional scramjet, McClinton
says. According to him, the theoretical maximum speed has been upped
again, this time to at least Mach 20 to 25 needed to reach orbit and
perhaps higher, as an upper limit has yet to be determined.

One drawback with scramjets (as well as with ramjets) is that they
cannot operate at low speeds. “A scramjet doesn’'t do any good on
the runway; it needs compressed air going into it,” explains Joel Sitz,
NASA project manager for X-43 flight research. One solution being
investigated is multimode operation, with an aircraft being propelled
first by an advanced turbine engine (for speeds up to about Mach 2 or
3), then a ramjet (to roughly Mach 6) and next a scramjet. “You then
reach a point in the atmosphere where you run out of oxygen and a
rocket would take over,” Sitz says.

Such plans aside, the actual operation of a scramjet remains
theoretical. Although researchers have performed flight tests,
most recently by Russia in conjunction with NASA in 1998, those
experiments never used a vehicle flown under scramjet power. The
engines, which were mounted on rockets, did provide thrust, so their
aerodynamics, combustion and propulsion could be studied, but they
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never flew at hypersonic speeds (above Mach 5) under their own
power.

In addition to rocket-assisted tests, vehicles and engines have
been evaluated with models, both in wind tunnels and in computer
simulations. But such investigations are restricted to about Mach 7,
says Jack L. Kerrebrock, professor of aeronautics and astronautics
at M.I.T. "As you go up in the Mach numbers,” he explains, “the
stagnation temperature, where the airflow is stopped at the nose of
the vehicle, has to be simulated, and it gets to be very high. For
Mach 10, it would be more than 4,000 kelvins. We don't know how
to heat air to that temperature in a stationary facility sufficient for
wind-tunnel tests.”

Modern understanding of fluid dynamics is likewise limited,
because above Mach 7 the physical phenomena, including the
airflow through the engine, become too complex to model, even on
powerful computers. “It's a very difficult flow to calculate accurately,”
Kerrebrock says, “and we don't have experimental data to validate the
calculations, which is what the Hyper-X program will provide.”

II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

IIT Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

To dissipate — (verb) to gradually disappear by becoming less
strong or to make smth do this; dissipation (noun) — the process
by which a substance, a feeling or energy gradually disappears by
becoming less strong
To dub — (verb) (mainly journalism) to give smb or smth a
particular name or description, often a humorous one
To evaluate — (verb) to think carefully about smth before making
a judgement about its value, importance or quality; evaluation
(noun) — the evaluation of the data
Implication (noun) — 1. a possible effect or result; 2. smth that
you suggest is true, although you don‘t say it directly
Inaugural (adj.) — 1. an inaugural speech is one made by smb
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to celebrate the start of an important new job; 2. an inaugural
event is the first of a series or the first one to be held by members
of a new organization; inauguration (noun) — an inauguration
ceremony; to inaugurate (verb) — to start or introduce smth new
and important

To ram (verb) — if a vehicle or boat rams smth, it hits it very
hard, usually when it is moving very fast

To wvalidate (verb) — 1. to officially prove that smth is true or
correct; 2. to officially state that smth is of a suitable standard; 3.
to make a document legally valid; validation (noun)

IV Comprehension Exercises

Answer the following questions.
1. What ambitious project has Mc Clinton, the NASA engineer,
been trying to implement for the past 30 years?
2. How do scientists assess the implications of this achievement
if this new type of jet engine succeeds?
3. How do air-breathing engines generate propulsion?
4. What provides thrust for satellite launches and the space
shuttle?
5. What are the disadvantages of rockets?
6. Why are turbines in conventional turbojets inherently limited
in producing greater increase in plane speed?
7. How do ramjets that enable a leap in speed up to about Mach
6 function?
8. What effect was achieved when the engine was redesigned
again? How was it dubbed?
9. Although one problem of high temperatures was solved, what
was another challenge that the engineers were faced with?
10. What is one drawback with scramjets (as well as with
ramjets)?
11. Why does the actual operation of a scramjet remain
theoretical?
12. What kind of tests and investigations are being carried out
to evaluate the vehicles and the engines. What problems do
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scientists face?
13. What will the Hyper-X program provide?

V Grammar

1.

Give the three forms of the verbs: to fly, to hit, to get, to burn,
to bring, to break, to fight, to let, to put, to spin, to feed, to go,
to run, to write, to say.

a.

. Put in the missing prepositions and adverbs.

Air-breathing engines are what conventional military

and passenger aircraft use ... propulsion: air is sucked
. an engine to be mixed ... burning fuel, creating

thrust, which propels the aircraft . ...

Most ... these engines are turbojets, which have a

maximum performance ... ... Mach 3 and 4.

But to break free ... Earth’s atmosphere and enter

space, a vehicle must reach the range ... Mach 20 ...

25.

. satellite launches and the space shuttle, giant rockets
provide this thrust.

. Their efforts have yielded significant advances ... engine

design ... the past 40 years.

... faster vehicles, engineers have taken advantage ...
the supersonic airflow ... the engine ... designing the
system to act as its own compressor.

These engines, called ramjets, have enabled a leap ...
speed ... ... ... Mach 6.

. such conditions, however, the air is moving so fast
that when it hits the combustion chamber to mix ...
fuel, the resulting drop ... airflow speed generates
tremendous heat.

Mach 6, the temperature reaches 6,000 degrees
Fahrenheit (3,300 degrees Celsius), leading ... chemical
dissociation.

. Combustion begins, but ... ... water forming —

which would be accompanied ... a tremendous rise ...
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pressure and enormous thrust — the reaction produces
free radicals ... much lower pressure and thrust.

. other words, the aircraft slows.
To prevent that, engineers again redesigned the engine,
changing the inlet valve so that the decrease ... airflow
speed is less severe.

. As aresult, the temperature does not surge . .. the point

. which the combustion process breaks ....
Because this new design relies ... the supersonic
combustion ... the rammed airflow, the engine was
dubbed a scramjet.
Now the challenge was to get the supersonically moving
air to mix uniformly ... the fuel and combust ...
milliseconds.
The perfection ... this technology, details ... which are
currently classified, finally allowed ... the construction
. a functional scramjet, McClinton says.
According ... him, the theoretical maximum speed has
been upped again, this time ... ... least Mach 20 ... 25
needed to reach orbit and perhaps higher, as an upper
limit has yet to be determined.

. One drawback ... scramjets (as well as ... ramjets) is

that they cannot operate ... low speeds.

3. Put the verbs in the proper tense and voice form.
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For the past 30 years McClinton, the NASA engineer,
(to try) to break through one limit, working to build a
jet aircraft capable of hypersonic speeds so far reached
only by rockets.

Air Force and many foreign laboratories (to try) to
develop an alternative.

Their efforts (to yield) significant advances in engine
design over the past 40 years.

For faster vehicles, engineers (to take) advantage of
the supersonic airflow into the engine by designing the
system to act as its own compressor.
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e. These engines, called ramjets, (to enable) a leap in speed
up to about Mach 6.

f. They (to use) with missiles in which propulsion (to
switch) to ramjets once the rockets (to achieve)
supersonic velocities.

g. Although researchers (to perform) flight tests, most
recently by Russia in conjunction with NASA in 1998,
those experiments never (to use) a vehicle flown under
scramjet power.

h. In addition to rocket-assisted tests, vehicles and engines
(to evaluate) with models, both in wind tunnels and in
computer simulations.

VI Phrasal Verbs and Idioms

to break through — to make new important discoveries, to make a
way through smth using force to penetrate smth

to break free — to get released with an effort using a force

to limp along — to walk with difficulty, especially when one’s leg
or foot is hurt or stiff

to get away from — to succeed in leaving a place

to be fed to — to serve as food for smb/smth

to bring in — to carry in, to introduce smth

to melt smth away — to disappear or make smth disappear by
melting or dissolving

to break down — to stop working because of mechanical etc. fault,
to fail, to collapse (negotiations, law, etc.)

to be upped — to be increased

to put smth aside — to ignore or forget smth, to disregard; to put
aside/by — to reserve smth

to take smth over — to gain control of smth (a party, a country,
business, a company), to acquire control, responsibility

to run out of smth (a supply of smth) — to be used up or finished

VII Exercises

1.Give synonyms to the following words.
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to evaluate  to propel

to mount to design

a limit to power

to ram an issue
advances moderate

to achieve to progress
to test basically

to draw into  a shift

to melt research

to run out conventional

2. Give antonyms to the following words.

A drawback, a merit, solid, to allow for, to diminish, to exit, to
turn on, reusable, modern, inlet, dismantle.

3. Match up the phrasal verb or the idiom in the left column with
its equivalent in the right one.

1. to limp along a. to disappear by melting or
dissolving

2. to get away b. to stop working

3. to break through c. to ignore or forget smth

4. to bring in d. to be increased

5. to break free e. to walk with difficulty

6. to melt away f. to gain control

7. to break down g. to introduce smth, to carry in

8. to put aside h. to be finished

9. to run out i. to make a way through smth

10. to take over j- to succeed in leaving a place

11. to be upped k. to get released using a force

VIII Key Terms

(Oxford Advanced Learner’s Dictionary)

AN AIR-BREATHING ENGINE — a nonrocket

THE COMBUSTION PRODUCTS — substances produced in the
process of burning

A COMPRESSOR — a machine that compresses air or other gases
A FIGHTER — a fast military aircraft designed to attack other
aircraft
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AN INLET/OUTLET VALVE — a mechanical device for
controlling the flow of air, liquid or gas allowing it to move in
one direction only

A JET — a strong narrow stream of gas, liquid, flame, forced out
of a small opening

A JET ENGINE — an engine that gives forward movement by a
stream of gases at high speed behind it

A JET AIRCRAFT — an aircraft with one or more jet engines
TO LAUNCH — to put smth into motion, to send smth on its
course: to launch a missile/a rocket/ a satellite into orbit

TO MANOEUVRE — to move about or make smth move about
by using skill and care

A MISSILE — an explosive weapon directed at a target automatically
or by means of an electronic device

TO MOUNT — to organize smth or to arrange smth

TO PROPEL — to drive, move or push smth/smb forward
mechanically

PROPULSION — the action or process of driving smth forward

A TURBOJET — a turbine jet engine that produces forward
movement, by means of a jet of hot exhaust gases

IX Vocabulary Practice

Fill in the gaps using the key words given below.

The vehicle, called the X-43, is aircraft and engine as ...
.... Because of the extreme ... ... and the need to decrease them
by fine-tuning the ..., there is no ... ... between aircraft and
engine. The 12-foot-long (3.5-meter-long) ..., weighing 3000 pounds
(1,400 kilograms), ... ... to minimize weight while ... maximum
thermal protection. Specifically, the X-43 must ... intense heat ...
from combustion and the resulting shock waves ... by the aircraft's
hypersonic movement ... the atmosphere.

The five-foot wingspan is constructed from ... ... ... ..., and the
structural components and outer surface are a combination of titanium,
steel and aluminum ... ... the same thermal-protection tiles used on
the space shuttle. The wing, tail and vehicle nose ... ... with carbon-
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fiber composite material, which actually ... as the temperature rises.
Gaseous hydrogen will serve ... ... ... , with silane, a chemical that

. on contact with air, acting as the spark plug. ... ... ... will come
principally from more than 500 gauges on the vehicle, which measure
pressure, temperature and . . ..

Key words: the test data, as the fuel, generated, a high-
temperature alloy, providing, vehicle, aerodynamics, are reinforced,
withstand, hypersonic stresses, caused, a single unit, functional
difference, was designed, through, lined with, strengthens, ignites,
strain.

X Conversational Practice

Agree or disagree with the statements. Develop your idea. Use the
following expressions.

Surely, ... but as far as I Surely not, I mean ...

know. ..

Well, as a matter of fact... In my view, you are wrong.
It is absolutely right. Well, that’s very surprising.
How right that is! Yes, but on the other hand. ..

1. For the past thirty years Mc Clinton, the NASA engineer, has
been trying to break through one limit, working to build a jet
aircraft capable of hypersonic speeds so far reached only by
rockets.

2. If this new type of jet engine succeeds, the implications could
be minute.

3. Air-breathing engines are what only military aircraft use for
propulsion.

4. Most of these engines are turbojets, which have a maximum
performance of between Mach 3 and 4.

5. To break free of Earth’s atmosphere and enter space, a vehicle
must reach the range of Mach 7.

6. Solid rockets have no disadvantages.

7. In conventional turbojets, turbines are inherently not limited
in how fast they can power a plane.

8. For faster vehicles, engineers have taken advantage of the
supersonic airflow into the engine.
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10.

11.

12.

13.

14.

15.

16
17

Turbines and a mechanical compressor are replaced by an
inlet valve that funnels the air, ramming it into a space so
quickly that it compresses itself.

These engines, called ramjets, have enabled a leap in speed
up to about Mach 6 and have been used with missiles in
which propulsion is switched to ramjets once the rockets have
achieved supersonic velocities.

Under such conditions, however, the air is moving so fast that
when it hits the combustion chamber to mix with fuel, the
resulting drop in airflow speed generates tremendous heat,
leading to chemical dissociation.

Engineers again redesigned the engine, changing the inlet
valve so that the decrease in airflow speed is more severe.
Because this new design relies on the supersonic combustion
of the rammed airflow, the engine was dubbed a scramjet.
One drawback with scramjets (as well as with ramjets) is that
they cannot operate at high speeds.

One solution being investigated is multimode operation,
with an aircraft being propelled first by an advanced turbine
engine, then a ramjet (to roughly Mach 6) and next a
scramjet.

. The actual operation of a scramjet remains theoretical.

. Modern understanding of fluid dynamics is likewise limited.

XI Outline the main ideas and write an abstract.

XII

Render the following text.

r'MNEP3BYKOBOW NPAMOTOYHbIN
BO34VYLLIHO-PEAKTUBHbLIN OBUTATEJb

Marepuan us Bukuneguu — cBoGOAHON 3HIMKIIONEIUN
«['nnep3sykoeoii geuratens» [MBPL, (anrn. Supersonic Combustion
RAMJET - scramjet) — BapuaHT NpsiMOTOYHOrO BO3/YLLIHO-PEAKTUBHOIO
aeuratens (MBPL), kotopbili 0TanYaeTcs OT 0BLIYHOrO CBEPX3BYKO-
BbIM cropaHuemM. Ha 6onbluimx ckopocTsx gns coxpaHeHunst spgektuns-
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HOCTW ABuraTensi HeobxoAnMo 13beraTb TOPMOXXEHUSI MPUXOASILLErO
BO3AyXa 1 MpPOM3BOAUTbL CKWraHMe TOMJMBA B CBEPX3BYKOBOM BO3-
JYLUHOM MOTOKE.

Bepxuuii npegen ckopoctu runepssykosoro MMBP[L (FMBPA)
6e3 MCnonbL30BaHMSI AONONHUTENLHOMO OKUCIUTENSl OLEHWBAETCS B
M=12 — M=24. WccnegoBanuns B pamkax npoekta «X-30»upmsbi
Pokeenn B 80-x rogax XX-ro Beka YCTaHOBMAM BepxHee 3Haue-
Hue ckopoctu gnsa paboter [TIBPL, cooteercteytowein M=17 B
cBsA3n C obecneuyeHuem ycnoewii ans cropaHusi B gsuratene. [ns
CpaBHEHMNS, CaMblli DbICTPBIA NUAOTUPYEMBbIA CaMONET CO CBEPX3BY-
KOBbIM MPSIMOTOYHbLIM BO3AYLIHO-peakTuBHbIM gsuratenem (CMBPI)
«SR-71» (anrn. Black Bird, «Yepnbiii gpo3n») komnanumn Jlokxug
[LOCTUraeT ckopocTu He Bbile M=3,4 n3-3a TOPMOXKEHUSI BO3AYLLHOMO
MoTOKa B fABuraTese A0 LO3BYKOBOW ckopocTn. Kpome 3Toro, Tak Kak
MBP, ncnonb3yer He OKMCAWTENb, TPAHCMOPTUPYEMbIA BMECTE C
annapaToM, a aTMocdepHbli BO3ayx, OH obnagaer ropa3go Gonee
BbICOKMM MOKazaTtesneM 3(eKTUBHOCTA ABUraTenss — YAesbHbIM
MUMNYALCOM MO CPABHEHUIO C NIOObIM M3 CYLUECTBYIOLMX PAKETHbIX
pBuratenei.

Tak xe kak n ceepx3ssykosoii [1BP[, runepssykosoii [MBP/ co-
CTOWT N3 UMEOLLErO CY)KEHIE BO3AYXOBOAA, B KOTOPOM MOCTYNAtOLL M
BO34yX NMPETEPNEBaeT CKaTme 1M3-3a BbICOKOW CKOPOCTM anmnapara; Ka-
Mepbl CropaHusi, rae MpOUCXOAUT CKUraHue TOMIMBA; COMMa, Yepes
KOTOpOE NPOUMCXOAUT BbIXOZ, BbIXJIOMHOIO rasa Co CKOPOCTbIO, 6Onb-
e CKOPOCTU MOCTYMNAtOLWEro BO34yxa, YTO U CO3[aerT TsAry Aura-
tens. Onate xe, kak u CMBP, TMBPL nmeer mano gsuxyuwmxcs
yacTeli unm BOBCe mx JuweH. B yacTHOCTM, B HEM OTCyTCTBYeT Bbi-
COKOCKOPOCTHasi TypburHa, KOTopasi NpucyTCTBYeT B TYpOOpeakTNBHOM
asuratene (TPL) v sisnsertcs ogHol M3 cambix JOPOTMX YaCTel TaKOro
LBUTaTensi, SIBASISICb NPN 3TOM NOTEHLMANbHbLIM UCTOYHKOM Npobiem
Mpu NCNONb30BAHNN.

[Ons pabotwl runepssykosoii NMBP Hyxpaetca B npoxoasiem
CKBO3b HEro CBEpX3BYKOBOM BO3/yLLHOM MOTOKE, MO3TOMY, TaK e Kak
n ceepx3asykosoii [NBP[], sToT Tun pgBuratena nmeer MuHMManNbHYO
CKOPOCTb, NpY KOTOPOiA OH MOXET (hYHKLIMOHNPOBaTh, MPUMEPHO paB-
Hyto M=7-8. Takum obpa3zom, annapat c [TIBP[ nyxxgaetcs B gpyrom
cnocobe yckopeHusi O CKOPOCTM, JOCTATOYHON Aanst paboTel runep-
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3BYKOBOrO pABuratensi. [mbOpupHblii CBepx3BYKOBOI /runep3ByKOBO
MBPL posikeH MMeTb MeHblUee 3Ha4YeHWe MUHUMAbHON pabouye
CKOPOCTHU 11 HEKOTOPbIE NCTOYHUKM YKA3bIBAIOT, YTO SKCMEPUMEHTASIb-
HbIli runepssykosoin camonet «X-43»(Bonnr/HACA) umeer umeHHo
Takoii papuratens. [locnegvue wucnbitaHus «X-43»npounssognnncs
C MOMOLLbIO PAKETHOro YCKOPWTESS, 3anyCKaemMoro C CaMoJIeTa,
KOTOpbIA pa3roHsan 3ToT annapaT go M=7,8.

[mnep3BykoBble annapatbl MMeOT Dosibluve Npobnembl, CBA3aH-
Hble C nx BeCOM n CnoxHocTeto. [Mepcnektusrocts MBPI aktusHo
0bCy»AaeTcs B OCHOBHOM MO TOii MPUYMHE, YTO MHOTME napameTpsbl,
KOTOpbIE B KOHEYHOM uTOre onpegensat 3eKTUBHOCTL camoneTta C
TakWM [BUraTesem, OCTAlOTCA HEOMpPEeSENeHHbIMU. JTO, B HaCTHOCTH,
TaKXXe CBSA3aHO CO 3HAYUTENbHLIMU 3aTpaTaMyl Ha WCMbITAHUS TaKUX
annapaToB. Takue xopoLuo (puHaHcupyemble npoekTsl, Kak X-30, Obiin
OTMEHEHbI A0 CO30aHNA SKCNEPUMEHTAJIbHbBIX Mop,ene|7|.

137



Anzaudickul A3ol% OAL METAHUKOS U MAMEMAMuKos (wacmo I)

138



Unit VIII

Text

POWERING NANOROBOTS!?

Catalytic engines enable tiny swimmers to harness fuel from their
environment and overcome the weird physics of the microscopic world

by Thomas E. Mallouk and Ayusman Sen

THE AUTHORS

Thomas E. Mallouk is DuPont Professor of Materials Chemistry and
Physics at Pennsylvania State University. His research focuses on the
synthesis and properties of nanoscale inorganic materials.

Ayusman Sen, who was born in Calcutta, India, is professor
of chemistry at Penn State. His research focuses on catalysis
and inorganic and organic materials. Sen numbers ecological and
gastronomical explorations among his favorite pastimes. The authors
first realized in a casual conversation that Sen's idea for a catalytic
motor could be effected with nanorods that had already been made in
Mallouk's laboratory.

123cientific American, May 2009, pp. 72-74
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Word Combinations

to fix invisible cracks

to feature as wheels of 4
buckyballs
to militate against smth

to provide an example

to facilitate chemical
reactions

to make exciting progress

to convert chemical energy
into mechanical energy

to give a rocket forward
thrust

to think differently about
smth

to make good sense

to scale down/up

to generate an excess of
smth/a dearth of smth

to bear an eerie resemblance
to smth

I Read the questions and find answers in the text that

follows.

1. What is the
machines?

2. What did researchers notice while observing the work of a

living cell?

3. As the principle of recoil fails at the microsize scale how do

an array of molecular-scale
structures

at the scales of living cells or
smaller

the task poses some unique
challenges

nanoscales versions of motors
the corkscrew motion of
bacterial flagella

the bulk solution

on small length scale

a gold surface patterned with
silver
in turn

with respect to smth
an immobilized
structure

a fluid-pumping effect

metal

at the macroscale

biggest current problem with molecular

swimming nanorobots work?

Imagine that we could make cars, aircraft and submarines as small
as bacteria or molecules. Microscopic robotic surgeons, injected in
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the body, could locate and neutralize the causes of disease — for
example, the plaque inside arteries or the protein deposits that may
cause Alzheimer's disease. And nanomachines — robots having features
and components at the nanometer scale — could penetrate the steel
beams of bridges or the wings of airplanes, fixing invisible cracks before
they propagate and cause catastrophic failures.

In recent years chemists have created an array of remarkable
molecular-scale structures that could become parts of minute
machines. James Tour and his co-workers at Rice University, for
instance, have synthesized a molecular-scale car that features as
wheels of four buckyballs (carbon molecules shaped like soccer balls),
5,000 times as small as a human cell.

But look under the hood of the nanocar, and you will not find an
engine. Tour's nanocars so far move only insofar as they are jostled by
random collisions with the molecules around them, a process known as
Brownian motion. This is the biggest current problem with molecular
machines: we know how to build them, but we still do not know how
to power them.

At the scales of living cells or smaller, that task poses some unique
challenges. Air and water feel as thick as molasses, and Brownian
motion militates against forcing molecules to move in precise ways. In
such conditions, nanoscale versions of motors such as those that power
cars or hairdryers — assuming that we knew how to build them that
small — could never even start.

Nature, in contrast, provides many examples of nanomotors. To
see the things they can do, one need only look at a living cell. The
cell uses nanoengines to change its shape, push apart its chromosomes
as it divides, construct proteins, engulf nutrients, shuttle chemicals
around, and so on. All these motors, as well as those that power
muscle contractions and the corkscrew motion of bacterial flagella,
are based on the same principle: they convert chemical energy —
usually stored as adenosine triphosphate, or ATP — into mechanical
energy. And all exploit catalysts, compounds able to facilitate chemical
reactions such as the breakdown of ATP. Researchers are now making
exciting progress toward building artificial nanomotors by applying
similar principles.
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In 2004 we were part of a team at Pennsylvania State University
that developed simple nanomotors that catalytically convert the
energy stored in fuel molecules into motion. We took inspiration from
a considerably larger catalytic motor reported in 2002 by Rustem
Ismagilov and George Whitesides, both at Harvard University. The
Harvard team had found that centimeter-scale “boats” with catalytic
platinum strips on their stern would spontaneously move on the
surface of a tank of water and hydrogen peroxide (H32O2). The
platinum promoted the breakup of Hy O, into oxygen and water, and
bubbles of oxygen formed that seemed to push the boats ahead by
recoil, the way the exhaust coming out the back of a rocket gives it
forward thrust.

CREDIBLE SHRINKING

Our miniaturized version of the Harvard engine was a gold-platinum
rod about as long as a bacterial cell (two microns) and half as wide
(350 nanometers). Our rods were mixed into the solution, rather than
floating on the surface. Like the ATP-powered molecular motors inside
the cell, these tiny catalytic cylinders were essentially immersed in their
own fuel. And they did indeed move autonomously, at speeds of tens of
microns per second, bearing an eerie resemblance under the microscope
to live swimming bacteria.

As often happens in science, however, the hypothesis that led to the
experiment was wrong. We had imagined our nanorods spewing tiny
bubbles off their back and being pushed along by recoil. But what they
actually do is more interesting, because it reminds nanotechnologists
that we must think very differently about motion on small length scales.

At the macroscale, the notion of recoil makes good sense. When
someone swims or rows a boat, their arms, legs or oars push water
backward, and the recoil force pushes the body or boat forward. In this
way, a swimmer or boat can glide forward even after one stops pushing.
How far an object glides is determined by the viscous force, or drag, and
by the inertia, a body’s resistance to changes in its velocity. The drag is
proportional to the object's width, whereas the inertia is proportional
to the object’s mass, which in turn is proportional to the width to the
third power. For smaller objects, inertia scales down much faster than

142



Unit VIIT

drag, becoming negligible, so that drag wins out. On the micron scale,
any gliding ends in about one microsecond, and the glide distance is
less than one 100th of a nanometer. Hence, for a micronize body in
water, swimming is a bit like wading through honey. A nanomotor has
no memory of anything that pushed on it — no inertia — and inertial
propulsion schemes (such as drifting after the recoil from bubbles) are
hopeless.

The way our nanorods actually work is that they apply a continuous
force to prevail over the drag with no need for gliding. At the platinum
end, each HyO, molecule is broken down into an oxygen molecule,
two electrons and two protons. At the gold end, electrons and protons
combine with each HyO5 molecule to produce two water molecules.
These reactions generate an excess of protons at one end of the rod
and a dearth of protons at the other end; consequently, the protons
must move from platinum to gold along the surface of the rod.

Like all positive ions in water, protons attract the negatively
charged regions of water molecules and thus drag water molecules
along as they move, propelling the rod in the opposite direction, as
dictated by Newton's law of motion that every action has an equal
and opposite reaction.

Once this principle was established (with the help of our students
and our Penn State collaborators Vincent H. Crespi, Darrell Velegol
and Jeffrey Catchmark), several other catalytic nanomotor designs
followed. And Adam Heller’s research group at the University of Texas
at Austin and Joseph Wang's group at Arizona State University showed
that mixtures of different fuels — glucose and oxygen or HoOy and
hydrazine — could make motors run faster than they do with a single
fuel.

Whereas freely suspended metal nanorods move with respect to
the bulk solution, an immobilized metal structure in the presence of
H> 05 will induce fluid flows at the interface between the structure and
the fluid, thereby potentially powering the motion of something else
immersed in the fluid. We have demonstrated this fluid-pumping effect
on a gold surface patterned with silver.
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II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

III Vocabulary Notes

(Oxford Advanced Learner’s Dictionary)

to enable (verb) — to make smb able to do smth by giving them
the necessary authority or means

to facilitate (verb) — to make a process easier

to harness (verb) — 1. to put a harness on a horse; 2. to control
and use a natural force to produce electrical power etc.: to harness
a river, a waterfall, the sun’s rays as a source of energy

to immerse (verb) — to put smth under the surface

to induce (verb) — to persuade or influence smb to do smth, to
cause smth; inducement (noun) — a thing that persuades smb to
do smth

in so far as — to the extent that

molasses (noun) — a thick dark sweet liquid obtained from sugar
while it is being refined

to pattern (verb) — to use smth as a model for smth, to create a
pattern on smth; a pattern (noun)

to power (verb) — to supply smth with the energy that enables it
to operate

to promote (verb) — to help the progress of smth, to encourage or
support smth; promotion (noun)

to shrink (verb) — to become smaller in size or amount; shrinkage
(noun)

to wade (verb) — to walk with an effort, especially through water
or mud

IV Comprehension Exercises

Answer the following questions.

1. What are the advantages of using nanotechnology in
comparison with conventional engineering?

2. How do nanocars so far move? What principle is involved
here?
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3. What is the biggest current problem with molecular
machines?
4. How does nature manage to build nanomotors? What
examples does nature provide if one looks at a living cell?
5. How were simple nanomotors developed? What principles
were used then?
6. What are catalysts?
7. What idea did the authors of the article take inspiration from?
8. What was the idea of their miniaturized version of the
Harvard engine?
9. Why does the notion of recoil not work at the microsize scale
while at the macroscale the notion of recoil makes good sense?
10. In what way do nanorods actually work?
11. Why were different fuels used in the catalytic nanomotor
designs that followed?

V Grammar

1. Give the three forms of the verbs: to shrink, to spend, to feel,
to take, to find, to bear, to win, to run, to fall, to fly, to thrust,
to see.

2. Put in the missing prepositions and adverbs.

a. Microscopic robotic surgeons, injected ... the body,
could locate and neutralize the causes ... disease — ...
example, the plaque ... arteries.

b. And nanomachines — robots having features and
components ... the nanometer scale — could penetrate
the steel beams ... bridges or the wings ... airplanes,

fixing invisible cracks before they propagate and cause
catastrophic failures.

d. ... recent years chemists have created an array ...
remarkable molecular-scale structures that could become
parts ... minute machines.

e. Tour’s nanocars ... ... move only insofar as they are
jostled ... random collisions ... the molecules ... them,
a process known as Brownian motion.
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f. Air and water feel as thick as molasses, and Brownian

motion militates ... forcing molecules to move ...
precise ways.

. The cell uses nanoengines to change its shape, push ...

its chromosomes as it divides, construct proteins, engulf

nutrients, shuttle chemicals ..., and ... ....

. Researchers are now making exciting progress
building artificial nanomotors ... applying similar
principles.

i. The platinum promoted the breakup ... HsO,
oxygen and water, and bubbles ... oxygen formed that
seemed to push the boats ahead ... recoil, the way
the exhaust coming ... the back ... a rocket gives it

forward thrust.

j. Like the ATP-powered molecular motors ... the cell,

these tiny catalytic cylinders were essentially immersed
... their own fuel.

. And they did indeed move autonomously, ... speeds
tens ... microns ... second, bearing an eerie
resemblance ... the microscope to live swimming
bacteria.
. We had imagined our nanorods spewing tiny bubbles ...
their back and being pushed ... ... recoil.
. A nanomotor has no memory ... anything that pushed

. it — no inertia — and inertial propulsion schemes
(such as drifting ... the recoil ... bubbles) are hopeless.

. The way our nanorods actually work is that they apply

a continuous force to prevail ... the drag ... no need ...
gliding.

. These reactions generate an excess ... protons ... one

end ... the rod and a dearth ... protons ... the other
end; ..., the protons must move ... platinum ... gold
... the surface ... the rod.

. Like all positive ions ... water, protons attract the

negatively charged regions ... water molecules and thus
drag water molecules ... as they move, propelling the
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rod ... the opposite direction, as dictated ... Newton’s
law ... motion that every action has an equal and
opposite reaction.

q. Whereas freely suspended metal nanorods move ...
respect ... the bulk solution, an immobilized metal
structure ... the presence ... HyOs will induce fluid
flows ... the interface ... the structure and the fluid,
thereby potentially powering the motion ... something
else immersed ... the fluid.

r. We have demonstrated this fluid-pumping effect ... a
gold surface patterned ... silver.

3. The Verb Need

Need has two sets of forms: those of a “modal auxiliary verb”
and those of an ordinary verb. The ordinary forms of need
are much more common than the modal auxiliary forms. The
only modal form which is often used is needn’t.

Affirmative modal forms are possible after negative verbs and
in sentences which express doubt or negative ideas: e.g., | don’t
think he need go just yet; the only thing you need do is fill in
this form.

Note that these affirmative modal forms are mainly used in a
formal style. (Michael Swan. Practical English Usage)

Explain the use of the verb need in the following sentences.
a. She needn’t dwell long on the problem in question.
b. You needn’t go into detail. Just outline the problem.
c. Need we perform this operation?
d. To see the things they can do one need only look at a
living cell.
In what respect do the following sentences differ from the
sentences given above?
e. Much needs to be done to satisfy these requirements.
f. All one needs to do is to apply the above rule.
g. This relationship does not need clarification.
h. We are aware of the need to protect the ecological
balance.
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VI Phrasal Verbs and Idioms

to militate against smth (of evidence, facts, etc.) — to have great
force or influence to prevent smth

to shuttle around — to travel between two places

to push along — to leave the place

to push forward — to move forward by using a force; to advance
quickly through an area

to push apart — to separate with a force

to push ahead — to continue as fast as possible on one’s way

to take inspiration from — to draw inspiration from

to spew off — to make smth rush out in a stream

to glide forward — to move along smoothly and continuously,
especially in a specified direction

to win out — to come successfully through a difficult period, to
achieve success eventually

to drag along — to pull along with effort and difficulty

to bear resemblance to — to be similar to another person or thing
to scale down/up — to reduce/increase the number or size of smth

VII Exercises

1.Give synonyms to the following words.

to jostle to exploit

to affect to shrink

to prevent smth  weird

to engulf a dearth of smth
to facilitate power

to break up a pattern

to promote a compound

2.Give antonyms to the following words.

Artificial, to expand, visible, mobile, mobilized, activate, a
miniaturized version, an excess of smth.

3.Match up the phrasal verb or the idiom in the left column with
its equivalent in the right one.
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1. to militate against a. to be similar to

smth

2. to push apart b. to reduce the number or size of
smth

3. to shuttle around c. to move along smoothly and
continuously

4. to spew off d. to come successfully through a
difficult period

5. to drag along e. to continue as fast as possible on
one’s way

6. to push ahead f. to pull along with effort or
difficulty

7. to win out g. to make smth rush out in a stream

8. to glide forward h. to travel between two places

9. to scale down i. to separate with a force

10. to take inspiration j. to prevent smth

from

11. to bear k. to draw inspiration from

resemblance to

VIII Key Terms

(Oxford Advanced Learner’s Dictionary)

A BEAM — a long piece of wood, metal, concrete

BULK — 1. size, quantity or volume; 2. the most part of smth; in
bulk — in large amounts

CATALYST — a compound able to facilitate chemical reactions
THE COCKSCREW MOTION — spiral motion

A DEPOSIT — a layer of matter deep under the earth or laid down
by a river

A DRAG — a person or thing that makes progress difficult

TO DRIFT — to be carried along gently, especially by a current of
air or water

AN EXHAUST — waste gases, steam, etc., that are released from
an engine or machine: exhaust fumes/emissions

AN INTERFACE — a point where two subjects, systems, processes,
etc., meet and affect each other: the man-machine interface
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TO RECOIL — to move suddenly backwards

A SOLUTION — a liquid in which smth is dissolved, the process
of dissolving, a solid or a gas in liquid

TO SUSPEND — 1. to hang up; 2. to stop; suspended — kept
floating in air, liquid: particles suspended in water

A THRUST —the forward force produced by a jet engine, a rocket
VISCOUS — not flowing freely, thick and sticky

IX. Vocabulary Practice

Fill in the gaps using the key words given below.

Over the next ... ... ..., nanotech will ... through four
overlapping ... of industrial prototyping and early commercialization.
The first one, which began after 2000, ... the development of passive
nanostructures: materials with steady structures and functions, often

. as parts of a product. These can be as modest as the particles of
zinc oxide in sunscreens, but they can also be reinforcing ... in new
composites or carbon nanotube wires in ... electronics.

The second stage, which began in 2005, . .. on active nanostructures
that change their ..., ..., ... or other properties during use. New
drug-delivery particles could ... therapeutic molecules in the body
only after they reached their targeted diseased tissues. Electronic
components such as transistors and amplifiers with adaptive functions
could be ... to single, complex molecules.

Starting around 2010, workers will cultivate expertise with systems
of nanostructures, ... large numbers of intricate components to
specified ends. One application could ... the guided self-assembly
of nanoelectronic components into three-dimensional circuits and
whole devices. Medicine could ... such systems to improve the tissue
compatibility of implants, or to create scaffolds for tissue regeneration,
or perhaps even to build ... organs.

After 2015-2020, the field will . . . to include molecular nanosystems
— heterogeneous networks in which molecules and supramolecular
structures ... as distinct devices. The molecular nanosystems will
be able ... ... in a far wider ... of environments and should be
much faster. Computers and robots could be reduced to ... small
sizes. Medical applications might be as ... as new types of genetic
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therapies and antiaging treatments. New ... linking people directly
to electronics could change telecommunications.

Key words: interfaces, artificial, reduced, extraordinarily,
fibers, involves, involve, ultraminiaturized, evolve, size, shape,
conductivity, directing, expand, couple of decades, ambitious,
stages, used, focuses, release, employ, range, serve, to operate.

X Conversational Practice

Agree or disagree with the statements. Develop your idea. Use the
following expressions.
Tagree with much of what you Well, I must say. ..

say.

Yes, you could well be right.  Really?

I have no doubt about it. Sorry, I am not really sure
about. ..

I am quite certain that ... Another way of looking at it

would be that. ..

1. Nanomachines — robots having features and components at
the nanometer scale — could not penetrate the steel beams of
bridges or the wings of airplanes, fixing invisible cracks before
they propagate and cause catastrophic failures.

2. Brownian motion militates against forcing molecules to move
in precise ways.

3. Nature doesn’t provide any examples of nanomotors.

4. All these motors, as well as those that power muscle
contractions and the corkscrew motion of bacterial flagella,
are based on different principles.

5. Catalysts are compounds able to facilitate chemical reactions
such as the breakdown of ATP.

6. The researchers took inspiration from a considerably larger
catalytic motor reported in 2002 by the Harvard team.

7. The hypothesis that led to the experiment was correct.

8. Both at the macroscale and microscales the notion of recoil
makes good sense.

9. The way our nanorods actually work is that they apply a
continuous force to prevail over the drag with no need for
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gliding.

10. Like all positive ions in water, protons attract the negatively
charged regions of water molecules and thus drag water
molecules along as they move, propelling the rod in the
opposite direction, as dictated by Newton’s law of motion
that every action has an equal and opposite reaction.

XI Read, translate and summarize the following text.

RETURN OF THE ROBOTS"

By Alun Anderson

It will be the 50th anniversary of the construction of the sci-fi
world's first real robot hero in 2005. Robby the Robot was the
lumbering giant who starred in the cult film “Forbidden Planet”.
Standing seven and a half feet (2.3 metres) tall with a transparent
domed head and spinning antennae, he provided inspiration for the
robot heroes of “Star Trek” and other movies to come. And like all
good robots he was there to ensure humans came to no harm. Posters
of Robby, cradling the film's heroine in his bulging steel arms, still
adorn student rooms around the world.

Fifty years on, real robots that can save human lives are at long last
beginning to appear. But what exactly do the new robots of 2005 look
like? Can you expect help from an intelligent humanoid that walks on
two legs and is always there to protect its master (or mistress)? Should
you instead be waiting for rescue by a comic-strip giant robot that can
rip the doors off cars with giant claws? Perhaps your imagination runs
to something stranger: a robot that looks more like a giant spider but
with arms tipped with super-sharp steel blades and metal pincers? Or
even a long, flexible robot that crawls along the ground like a snake?

If you bet on having help from an intelligent humanoid, you are
going to be disappointed. Even getting a two-legged robot to walk
effortlessly in a straight line on a smooth laboratory floor is proving
much harder than scientists thought. But if you backed any of the

13 Bconomist, December 2005, pp. 125-126
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other three robots, you are on to a winner. All will be out there in
2005.

First, the clear leader: that's the spider-like robot equipped with
knives and pincers. It is a surgical robot that is now spreading rapidly
to hospitals around the world. The robot is called da Vinci and is built
by Intuitive Surgical of Sunnyvale, California. In 2005 we can expect
more surgical robots to be working harder and to be licensed to carry
out more types of operation.

A robot does not operate like a conventional surgeon. It has no need
to open up your chest or abdomen to let in big human hands. Instead,
the robot's long, spidery arms roam deep into your body through
a set of tiny incisions, called “ports”. Inside your body it can wield
instruments to repair heart valves or remove diseased prostate glands.
Its tiny robot hands don't tremble as they work and can twist and turn
with a dexterity that beats the limitations of a human wrist. When it's
finished, it can withdraw leaving just some small holes needing a few
stitches.

A robot-equipped operating room is a strange sight. The robot
sits alongside the operating table with its long arms bent down over
the patient. One arm carries a miniature stereoscopic camera. Others
carry blades, pincers and surgical instruments needed to cut, clamp
and suture. An anaesthetist and nurses will be present as usual. But
the surgeon is not towering over the patient, calling for forceps and
scalpels. He or she will be sitting at a distance, at a console that looks
like a sophisticated computer-games machine. The surgeon's eyes will
be locked on a colour display providing a three-dimensional view from
within the patient. The machine gives a remarkable feeling, almost as
if the surgeon has been miniaturized and stepped inside the patient’s
body.

Patients often recover much faster than after surgery requiring the
body to be opened up. After a conventional heart-valve repair, for
example, a patient may need to spend weeks recovering in hospital,
not because of the work performed on the heart itself but because their
chest had to be cracked open and a large incision made in order to
give access to the heart.

The da Vinci is descended from robots that the US Department of
Defence began working on in the 1980s to enable surgeons to operate
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on soldiers at a safe distance from the battlefield. At a little over $1m,
it is still too expensive for many hospitals. But so-called “minimally
invasive surgery”, which includes conventional keyhole surgery where
the surgeon peers into the body through a small incision, is taking
off. New research and training centres around the world will drive
demand for the more sophisticated view and capabilities that a robot
can provide. Robot-assisted surgeons have already taken on heart-
valve repairs, coronary artery bypass operations, prostate removal
and oesophageal surgery. Expect other machines to appear in other
specialities, such as neurosurgery, where a robot has the potential to
provide absolute precision, as well as in relatively standard operations,
such as the removal of kidney stones.

Robots don’t always need precision and delicacy to be helpful. You
might also encounter the giant super-strong clawed robot in 2005. It
is called Enryu (meaning “rescue dragon”) and stands 3.5 metres tall.
During recent trials in Kitakyushu in Japan, Enryu did indeed behave
like a comic-strip hero, ripping a door from a car, waving an iron
girder and tossing heavy objects out of its way. The caterpillar-tracked
monster can lift 500 kilos (1,100 pounds) in each of its claws and comes
from a company called Tmsuk that has already created home-guard
robots and robot receptionists. Enryu was developed with co-operation
from Japan’s National Research Institute of Fire and Disaster and is
planned to go on the market in 2005, ready to roll in the event of a
major disaster, such as an earthquake or nuclear accident, when it can
enter a danger zone and clear rubble from collapsed buildings.

In the hunt for survivors it might want to call on the last of the
robot menagerie. Snake robots are now gliding around laboratories,
and tethered versions that look more like elephants’ trunks are also
under test. Several are being designed to worm their way into confined
spaces, such as collapsed buildings, and search out survivors. Others
will do more conventional tasks, including cleaning out pipes.

None of these robots is terribly intelligent. All require human
guidance. An autonomous robot like Robby won't escape from the
sci-fi movies for many years yet.
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Texts for home reading and abstracting

BIG SCIENCE!

A giant particle accelerator will help physicists better understand the
workings of nature
by Alison Goddard

The most complex scientific instrument ever constructed will start
up in 2007. The particle accelerator being built at CERN, the European
particle-physics laboratory near Geneva, will dominate international
fundamental physics for the next 15 years.

Over the centuries scientists have refined their understanding of
exactly what makes up the universe. Since the 1960s the existence
of different particles, each now thought to be fundamental, has been
postulated and observed. So far physicists have seen 16 of them. The
problem is that none of these particles confers mass on the others —
yet we know from nature that something must do this.

The likeliest explanation is that there is a 17th fundamental particle
that has not yet been seen. According to this theory, an invisible field
fills the whole of space. When different particles interact with this field,
they gain mass, much as anything moving through treacle gets slowed
down by it. The larger the interaction, the more mass the particle
would have.

14The Economist, 2007, p. 143
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As the universe is pervaded by such fields that convey other
characteristics, the proposal is plausible. It was first made in the 1960s
by Peter Higgs of the University of Edinburgh in Scotland. The Higgs
field cannot be observed directly, yet, as with other fields, there should
be a particle associated with it that can be detected. In this case, it
is a particle called the “Higgs boson”. Unfortunately no one has ever
seen one.,

That may soon change. Deep underground at CERN lies what
will be the world's most powerful particle accelerator. By the end of
2007 two tubes within the 27km-long (17-mile) circular tunnel will
have the air pumped out of them to create the most perfect vacuum
on the planet, comparable with that of outer space. The tubes will
then be filled with pulses of fast-moving protons, a familiar (albeit
non-fundamental) particle. The protons will be accelerated to speeds
marginally below that of light itself. Two beams, each containing
billions of protons, will circulate in opposite directions in the two
separate tubes. But four experiments will run in cavernous halls on the
ring, where the beams will collide with such energy that the impact
will resemble the universe a split second after the Big Bang.

The four experiments are known by their acronyms. The biggest
two are called ATLAS and CMS. Each employs roughly 2,000 scientists
and engineers from at least 150 institutions in 35 countries (the best
American particle physicists will work at CERN, as will the top Russian,
Chinese and Indian scientists). In terms of volume, ATLAS is the
bigger: its equipment is the size of a five-storey house and occupies
eight times as much space as CMS. But CMS, which weighs about
the same as 40 large aircraft, is twice as heavy as ATLAS. These are
general-purpose experiments, designed to find the Higgs particle or,
failing that, to tell physicists what it is that they see in the extreme
conditions created by the impacts.

Such collisions produce a plethora of new and exotic particles
that exist fleetingly before they themselves decay into other items
of interest that soon settle back down into everyday matter. Both
ATLAS and CMS almost completely cover the point at which the
protons smash into one another, maximizing their chances of detecting
interesting events. Each performs the same set of measurements on the
particles emerging from the impact, capturing their paths, energies and

156



Appendiz

identities. But each experiment does this differently.

Scientists working on each obviously want to be the first to
see incontrovertible evidence of the existence of the Higgs particle.
Nobel prizes are awarded for such things. But the healthy competition
between the two experiments is tempered by the need for collaboration.
Both experiments share the same accelerator technology and the
extraordinarily fast data analysis needed to distinguish between
collisions that are interesting and ones that are not. Moreover, any
glimpse of new physics would need to be confirmed by the other
experiment.

The other two experiments each have a specific goal. In the
Big Bang matter and antimatter were created in equal amounts but
somehow the antimatter disappeared. An experiment called LHCb will
examine why.

Then there's ALICE, “a large ion collider experiment”. At times the
protons will be removed from the ring and lead ions will be injected
instead. Many of those entities thought to be fundamental have never
been seen alone, only in combination with other fundamental particles.
Although the lead collisions will be far messier than those between
protons, the result may be to see isolated basic building blocks of
nature for the first time.

As well as the hunt for the Higgs particle, the new machine will
look for evidence that will help scientists distinguish between theories of
what lies just beyond their present understanding of the world. These
include “supersymmetry” — the idea that every matter particle has
a partner force particle — and “dark matter’, thought to be more
abundant than the stuff scientists can now see. Such discoveries will
be for 2008 and beyond.

157



Anzaudickul A3ol% OAL METAHUKOS U MAMEMAMuKos (wacmo I)

BUILDING THE NEXT-GENERATION COLLIDER"

By Barry Barish, Nicholas Walker and Hitoshi Yamamoto

THE INTERNATIONAL LINEAR COLLIDER (ILC)
IN A NUTSHELL

The ILC design team has already established the basic parameters for
the collider. The machine will be about 31 kilometers long, with most of
that length taken up by the two superconducting linacs that will set up
electron-position collisions with 500 GeV energies. (A 250-GeV electron
striking a 250-GeV positron moving in the opposite direction will result
in a collision with a center-of-mass energy of 500 GeV.) At a rate of
five times per second, the ILC will generate, accelerate and collide
nearly 3,000 electron and positron bunches in a one-millisecond-long
pulse, corresponding to an average total power of about 10 megawatts
for each beam. The overall efficiency of the machine — that is, the
fraction of electrical power converted to beam power — will be about 20
percent, so the two linacs will require a total of about 100 megawatts
of electricity to accelerate the particles.

To produce the electron beam, a laser will fire at a target made
of gallium arsenide, knocking off billions of electrons with each pulse.
These particles will be spin-polarized — all their spin axes will point
in the same direction — which is important for many particle physics
investigations. The electrons will be rapidly accelerated in a short
superconducting radio-frequency (SCRF) linac to an energy of 5 GeV,
then injected into a 6.7-kilometer storage ring at the center of the
complex. As the electrons circulate and emit synchrotron radiation,
the bunches of particles will be damped — that is, their volume
will decrease, and their charge density will increase, maximizing the
intensity of the beam.

When the electron bunches exit the damping ring 200 milliseconds
later, each will be about nine millimeters long and thinner than a
human hair. The ILC will then compress each electron bunch to a
length of 0.3 millimeter to optimize its acceleration and the dynamics
of its subsequent collisions with the corresponding positron bunch

153cientific American, February 2008, pp. 54-59
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inside the detector. During the compression, the bunches will be
boosted to an energy of 15 GeV, after which they will be injected into
one of the main 11.3-kilometer-long SCRF linacs and accelerated to
250 GeV.

Midway through the linac, when the particles are at an energy of
150 GeV, the electron bunches will take a small detour to produce
the positron bunches. The electrons will be deflected into a special
magnet known as an undulator, where they will radiate some of their
energy into gamma rays. The gamma photons will be focused onto a
thin titanium alloy target that rotates about 1,000 times per minute,
and the impacts will produce copious numbers of electron-positron
pairs. The positrons will be captured, accelerated to an energy of
5 GeV, transferred to another damping ring and finally sent to the
other main SCRF linac at the opposite end of the ILC. Once the
electrons and positrons are fully accelerated to 250 GeV and rapidly
converging toward the collision point, a series of magnetic lenses
will focus the high-energy bunches to flat ribbon beams about 640
nanometers (billionths of a meter) wide and six nanometers high.
After the collisions, the bunches will be extracted from the interaction
region and removed to a so-called beam dump, a target that can
safely absorb the particles and dissipate their energy.

Every subsystem of the ILC will push the technological envelope
and present major engineering challenges. The collider’'s damping rings
must achieve beam qualities several times better than those of existing
electron storage rings. What is more, the high beam quality must
be preserved throughout the compression, acceleration and focusing
stages. The collider will require sophisticated diagnostics, state-of-
the-art beam-tuning procedures and a very precise alignment of its
components. Building the positron production system and aiming the
nanometer-size beams at the collision point will be demanding tasks.

Developing detectors that can analyze the collisions in the ILC
will also be challenging. To determine the strengths of the interactions
between the Higgs boson and other particles, for example, the detectors
will need to measure the momentum and creation points of charged
particles with resolutions that are an order of magnitude better than
those of previous devices. Scientists are now working on new tracking
and calorimeter systems that will allow researchers to harvest the rich
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physics of the ILC.

THE NEXT STEPS

Although the ILC team has chosen a design for the collider, much
more planning needs to be done. Over the next few years, while
the LHC starts collecting and analyzing data from its proton-proton
collisions, we will strive to optimize the ILC design to ensure that the
electron-positron collider achieves the best possible performance at a
reasonable cost. We do not yet know where the ILC will be located;
that decision will most likely hinge on the amount of financial support
that governments are willing to invest in the project. In the meantime,
we will continue to analyze the sample ILC sites in Europe, the U.S.
and Japan. Differences in geology, topography, and local standards
and regulations may lead to different construction approaches and
cost estimates. Ultimately, many details of the ILC design will depend
on exactly where the collider is built.

In any event, our planning will allow us to move forward at full
speed as soon as the scientific discoveries at the Large Hadron Collider
(LHC) reveal the best targets for follow-up research. In parallel with
the technical design work, we are creating models for dividing the
governance of the ILC project so that each constituency of physicists
will have a say. This ambitious undertaking has been truly global in its
conception, development and design, and we expect it to be thoroughly
international in its construction and operation as well.

THE HAMMER AND THE SCALPEL

To understand the complementary relation between the LHC and the
proposed ILC, imagine the former as a hammer that breaks open a
walnut and the latter as a scalpel that carefully slices the bits of meat
inside. The LHC will accelerate protons to energies of seven trillion
electron volts (TeV), giving each head-on proton-proton collision a
total energy of 14 TeV and providing researchers with their first direct
look at physics at this energy scale. The collisions may generate the
production of particles whose existence has been hypothesized but not
yet observed. One such particle is the Higgs boson. (According to the
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Standard Model — the widely accepted theory of particle physics that
can explain electromagnetism and the weak and strong nuclear forces
— the Higgs endows all other particles with mass.) Other examples are
the supersymmetric particles, which are hypothesized partners of the
known particles. (The putative partner of the electron, for example, is
called the selectron; the photon's partner is the photino.) Furthermore,
the LHC may find evidence for extra dimensions that can be detected
only by observing high-energy events.

If the Higgs boson does exist, physicists expect that the LHC will
detect the particle, measure its mass and determine its interactions
with other particles. But scientists will not be able to specify the
detailed properties of the Higgs from the LHC's messy proton-proton
collisions. The more precise ILC would be needed to measure important
characteristics such as the strength of the Higgs's interactions. This
information would be invaluable to physicists because it could test the
validity of the Standard Model: Does it correctly describe high-energy
events, or are other theories needed? Investigations of supersymmetric
particles in the ILC could also help physicists flesh out the details of
new theories. The results may reveal whether some of these particles
could be constituents of the so-called dark matter that makes up one
quarter of the energy content of the universe.

Yet another particle that could be revealed by the LHC is the
hypothesized Z-prime boson, a counterpart to the Z boson, which is
one of the carriers of the weak nuclear force. Because the discovery of
the Z-prime particle would indicate the existence of a new fundamental
force of nature, physicists would be very interested in determining the
properties of this force, its origins, its relation to the other forces in
a unified framework and its role in the earliest moments of the big
bang. The ILC would play a definitive role in addressing such issues.
Finally, if history is any guide, it seems very likely that the LHC and
the ILC will discover unanticipated new phenomena that are at least
as interesting and important as the ones already discussed.

161



Anzaudickul A3ol% OAL METAHUKOS U MAMEMAMuKos (wacmo I)

THE LHC IS NOW OPERATING IN EARNEST!®

Eighteen months ago CERN, Europe's particle-physics laboratory,
based near Geneva, switched on its latest toy. The toy in question
was the LHC, and it was going to find all sorts of wonderful things,
ranging from the Higgs boson (which is needed to explain why mass
exists in the first place) via dark matter (which is needed to explain
why the universe is as massive as it is) to miniature black holes (the
densest concentrations of mass possible, which journalists of a more
scaremongering disposition confidently predicated would eat the Earth
up as soon as the machine was switched on).

Nine days after the fanfare, however, a leak in the cooling system
put things on hold and they did not restart until last November, with
a few gentle collisions between low-energy protons.

Since then, the LHC has been cranking up for serious operation
and on March 30th it passed a milestone. There was less trumpeting
this time, but protons were made to hit each other at energies higher
than any accelerator had managed before. The Tevatron, in America,
has officially been relegated to second place.

Once, that might have been a signal for a bit of quiet European
gloating. Hubris, however, has been followed by nemesis rather too
often in this field for anybody to be making a song and dance about
things. Though there was cheering and champagne in the control room
when the first high-energy beams collided, sighs of relief are more the
order of the day.

Assuming there are no further glitches, the energy of the collisions
will be cranked up over the next few months and the new subatomic
goodies will start pouring out of the machine and into the pages
of physics journals. Finding the Higgs boson is as near a racing
certainty as exists in science. For the rest, those who fancy pitting
their knowledge of physics against the pros can do so. Paddy Power,
an online bookmaker, is offering odds of 11 to 10 that dark matter will
be found before black holes and 8 to 1 that black holes will be first.
Dark energy, a mysterious force thought to drive the expansion of the
universe, trails at 12 to 1. And for those who fancy a real outside bet,

16The Economist, 3rd, April, 2010
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the firm is also offering 100 to 1 that the machine will discover God.

GOTCHA!'?

ANTIHYDROGEN ATOMS ARE CAPTURED FOR THE FIRST
TIME

The history of physics is littered with the detritus of once-sacred
assumptions. As better technology enables more exacting experiments,
phenomena that were once scoffed at as impossible become the new
norm. For this reason, physicists have long been searching for more
sensitive means of probing the realm of antimatter, which theory holds
should mirror the familiar world of matter. If precise comparisons of
the two were to turn up differences, that would signal a fundamental
flaw in understanding of the universe.

Now, a team of scientists working at CERN, Europe’s particle-
physics laboratory, has announced a breakthrough in the quest for
such tests. In the current issue of Nature, members of the ALPHA
experiment report that they have been able to trap a very small amount
of antihydrogen — the simplest type of anti-atom — for the first time.
Since the hydrogen atom is one of the best-measured systems in all
of science, this opens the door to a series of experiments testing just
how similar matter and antimatter really are.

The symmetry between particles and antiparticles is woven deep
into the foundations of physics. For each particle there should be a
corresponding antiparticle with exactly the same mass and lifetime
but with an opposite electrical charge. Bring the two together and
they annihilate each other in a flash of energy. When antielectrons
(or positrons, as they are usually called) orbit antiprotons and
antineutrons, the resulting anti-atoms should have the same energy
levels as the common or garden variety. Furthermore, it is thought
that gravity should pull on matter and antimatter in just the same
way.

17The Economist, November 20th, 2010, pp. 84-85
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In reality, no one has ever been able to drop an anti-apple and watch
it fall down (or up), and the antimatter produced in particle colliders
is so energetic that it is hard to examine with the tools of precision
physics. For decades, physicists at CERN and elsewhere have been
trying to overcome these limitations with antihydrogen, which consists
of a single positron orbiting a single antiproton. By shining laser light
onto hydrogen or antihydrogen and observing which wavelengths are
absorbed, the energy levels of the two can be compared in detail. And
since hydrogen is electrically neutral, it should be possible to observe
gravity's tiny tug on it without the confounding effects of electrostatic
attraction to other particles.

Antihydrogen atoms were produced in the past by several
experiments at CERN. But they were so energetic that they
immediately bumped into the walls of the experimental apparatus and
were annihilated. Since then several teams have been trying to make
colder antihydrogen and to hold on to it using clever configurations of
electrical and magnetic fields. This is what ALPHA has just succeeded
in doing.

Coaxing hot and bothered antiprotons and positrons to couple is
quite a task. The magnetic traps employed to hold the antihydrogen
are only strong enough to confine it if it is colder than around half a
degree above absolute zero. The antiprotons themselves, which are
produced by smashing regular protons into a piece of iridium, are
around 100 billion times more energetic than this. Several stages of
cooling are needed to slow them down before they can be trapped,
forming a matchsticksized cloud of around 30, 000 particles. The
positrons, produced by the decay of radioactive sodium, are cooled into
a similarly sized cloud of around 1m particles and held in a neighbouring
trap.

The antiprotons are then pushed into the same trap as the positrons
and left to mingle for a second or so. In that time some of the particles
get together and form antihydrogen. Next, an electrical field is used
to kick out any remaining positrons and antiprotons. The electrically
neutral antihydrogen atoms are left behind.

To test whether any antihydrogen was actually formed and
captured in their trap, the ALPHA team turned off its trapping
magnet. The antihydrogen was then free to wander towards the walls,
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and thus annihilation. The detectors duly observed 38 bursts of energy
which the team concluded came from antihydrogen atoms hitting the
wall of the trap.

Although the number of trapped atoms recorded was small, the
team is optimistic. It has developed better techniques for cooling both
positrons and antiprotons, which should allow it to trap more anti-
atoms. Soon it will be able to see just how contrarian antimatter really
is.
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Unit IX

Text 1

THE SHAPES OF SPACE"

A Russian mathematician has proved the century-old Poincaré conjecture
and completed the catalogue of three-dimensional spaces. He might earn
a $1-million prize

by Graham P. Collins

THE AUTHOR

Graham P. Collins, a staff writer and editor, has degrees in mathematics
and physics. For additional information on the Poincaré conjecture visit
WWW.Sciam.com

183cientific American, July 2004, pp. 100-103
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Word Combinations

to withstand close scrutiny

to be related to a procedure

to have curvature evenly spread
throughout the manifold

to remain beyond smb’s grasp
to introduce the innovative
technique of analysis

to run into a stumbling block
at the turn of the 20th century
to perform a surgery

to eliminate the troubles

it remains to be seen

the large-scale structure of the
universe

to take any of eight canonical
geometries
to  smooth
irregularities
to have a similar effect on smth

out all the

I Read the questions and find answers in the text that

follows.

1. What problem was formulated in the Poincaré conjecture?

to be assigned to smth
to gain a sense of smth
in the late 1970s

to make a name for oneself
to go unanswered

beyond proving smth

to acknowledge support

to enable smb to do smth

to disappear from
mathematicians’ radar screens
to be named after smb

to apply a procedure

to geometrize a manifold
one way to do smth

to examine a process

2. What solution was suggested by Perelman?

GEOMETRIZATION

Perelman’s proof is the first to withstand close scrutiny. His approach
to analyzing three-dimensional manifolds is related to a procedure
called geometrization. Geometry relates to the actual shape of an
object or manifold: for geometry, an object is made not of play dough
but of ceramic. A cup, for example, has a different geometry than a
doughnut; its surface curves in different ways. It is said that the cup
and the doughnut are two examples of a topological torus (provided the
cup has one handle) to which different geometries have been assigned.
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To gain a sense of how geometrization served to help Perelman,
consider how geometry can be used to classify 2-manifolds, or surfaces.
Each topological surface is assigned a special, unique geometry: the one
for which the curvature of the surface is spread completely evenly about
the manifold. For the sphere, that unique geometry is the perfectly
spherical sphere. An eggshell shape is another possible geometry for
a topological sphere, but it does not have curvature evenly spread
throughout: the small end of the egg is more curved than the big end.

The 2-manifolds form three geometric types. The sphere has what
is called positive curvature, the shape of a hilltop. The geometrized
torus is flat; it has zero curvature, like a plain. All the other manifolds,
with two or more handles, have negative curvature. Negative curvature
is like the shape of a mountain pass or a saddle: going from front to
back, a saddle curves up; from left to right, it curves down. Poincaré
(who else?), along with Paul Koebe and Felix Klein (after whom the
Klein bottle is named), contributed to this geometric classification, or
geometrization, of 2-manifolds.

It is natural to try to apply similar methods to 3-manifolds. Is it
possible to find unique geometries for each topological 3-manifold, for
which curvature is spread evenly throughout the manifold?

It turns out that 3-manifolds are far more complicated than 2-
manifolds. Most 3-manifolds cannot be assigned a uniform geometry.
Instead they have to be cut up into pieces, each piece having a different
canonical geometry. Furthermore, instead of three basic geometries, as
with 2-manifolds, the 3-manifold pieces can take any of eight canonical
geometries. The cutting up of each 3-manifold is somewhat analogous
to the factorization of a number into a unique product of prime factors.

This classification scheme was first conjectured by Thurston in the
late 1970s. He and his colleagues proved large swaths of the conjecture,
but crucial points that the entire system depended on remained beyond
their grasp, including the part that embodied the Poincaré conjecture.
Was the 3-sphere unique? An answer to that question and completion
of the Thurston program have come only with Perelman’s papers.

How might we try to geometrize a manifold — that is, give it
a uniform curvature throughout? One way is to start with some
arbitrary geometry, perhaps like an eggshell shape with various lumps
and indentations, and then smooth out all the irregularities. Hamilton
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began such a program of analysis for 3-manifolds in the early 1990s,
using an equation called the Ricci flow (named after mathematician
Gregorio Ricci-Curbastro), which has some similarities to the equation
that governs the flow of heat. In a body with hot and cold spots,
heat naturally flows from the warmer regions to the cooler ones, until
the temperature is uniform everywhere. The Ricci flow equation has
a similar effect on curvature, morphing a manifold to even out all
the bumps and hollows. If you began with an egg, it would gradually
become perfectly spherical.

Hamilton’s analysis ran into a stumbling block: in certain situations
the Ricci flow would cause a manifold to pinch down to a point. (This is
one way that the Ricci flow differs from heat flow. The places that are
pinched are like points that manage to acquire infinite temperature.)
One example was when the manifold had a dumbbell shape, like two
spheres connected by a thin neck. The spheres would grow, in effect
drawing material from the neck, which would taper to a point in the
middle. Another possible example arose when a thin rod stuck out
from the manifold; the Ricci flow might produce a trouble called a
cigar singularity. When a manifold is pinched in this way, it is called
singular — it is no longer a true three-dimensional manifold. In a true
three-dimensional manifold, a small region around any point looks like
a small region of ordinary three-dimensional space, but this property
fails at pinched points. A way around this stumbling block had to wait
for Perelman.

Perelman came to the U.S. as a postdoctoral student in 1992,
spending semesters at New York University and Stony Brook, followed
by two years at the University of California at Berkeley. He quickly made
a name for himself as a brilliant young star, proving many important
and deep results in a particular branch of geometry. He was awarded a
prize from the European Mathematical Society (which he declined) and
received a prestigious invitation to address the International Congress
of Mathematicians (which he accepted). In spring 1995 he was offered
positions at a number of outstanding mathematics departments, but
he turned them all down to return to his home in St. Petersburg.
“Culturally, he is very Russian,” commented one American colleague.
“He's very unmaterialistic.”

Back in St. Petersburg, he essentially disappeared from mathemat-
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icians' radar screens. The only signs of activity, after many years, were
rare occasions when he e-mailed former colleagues, for example, to
point out errors in papers they had posted on the Internet. E-mails
inquiring about his pursuits went unanswered.

Finally, in late 2002 several people received an e-mail from him
alerting them to the paper he had posted on the mathematics server —
just a characteristically brief note saying they might find it of interest.
That understatement heralded the first stage of his attack on the
Poincaré conjecture. In the preprint, along with his Steklov Institute
affiliation, Perelman acknowledged support in the form of money he
had saved from his U.S. postdoctoral positions.

In his paper, Perelman added a new term to the Ricci flow equation.
The modified equation did not eliminate the troubles with singularities,
but it enabled Perelman to carry the analysis much further. With the
dumbbell singularities he showed that “surgery” could be performed:
Snip the thin tube on each side of the incipient pinch and seal off
the open tube on each dumbbell ball with a spherical cap. Then the
Ricci flow could be continued with the surgically altered manifold until
the next pinch, for which the same procedure could be applied. He
also showed that cigar singularities could not occur. In this way, any
3-manifold could be reduced to a collection of pieces, each having a
uniform geometry.

When the Ricci flow and the surgery are applied to all possible 3-
manifolds, any manifold that is as “simple” as a 3-sphere (technically,
that has the same homotopy as a 3-sphere) necessarily ends up with
the same uniform geometry as a 3-sphere. That result means that
topologically, the manifold in question is a 3-sphere. Rephrasing that,
the 3-sphere is unique.

Beyond proving Poincaré’s conjecture, Perelman’s research is
important for the innovative techniques of analysis it has introduced.
Already mathematicians are posting papers that build on his work or
apply his techniques to other problems. In addition, the mathematics
has curious connections to physics. The Ricci flow used by Hamilton
and Perelman is related to something called the renormalization group,
which specifies how interactions change in strength depending on the
energy of a collision. For example, at low energies the electromagnetic
interaction has a strength characterized by the number 0.0073 (about
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1/137). If two electrons collide head-on at nearly the speed of light,
however, the strength is closer to 0.0078.

Increasing the collision energy is equivalent to studying the force
at a shorter distance scale. The renormalization group is therefore like
a microscope with a magnification that can be turned up or down to
examine a process at finer or coarser detail. Similarly, the Ricci flow is
like a microscope for looking at a manifold at a chosen magnification.
Bumps and hollows visible at one magnification disappear at another.
Physicists expect that on a scale of about 1073 meter, or the Planck
length, the space in which we live will look very different — like a
“foam” with many loops and handles and other topological structures.
The mathematics that describes how the physical forces change is very
similar to that which describes geometrization of a manifold.

Another connection to physics is that the equations of general
relativity, which describe the workings of gravity and the large-scale
structure of the universe, are closely related to the Ricci flow equation.
Furthermore, the term that Perelman added to the basic flow used
by Hamilton arises in string theory, which is a quantum theory of
gravity. It remains to be seen if his techniques will reveal interesting
new information about general relativity or string theory. If that is
the case, Perelman will have taught us not only about the shapes of
abstract 3-spaces but also about the shape of the particular space in
which we live.

II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

IIT Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

to acknowledge — (verb) 1. to accept or admit that smth exists,
is true or is real; to know or recognize that smth is important; 2.
to thank smb for smth they have done or given to you especially
in writing or by saying it publicly; acknowledgement — (noun) 1.
(sing.) smth that you say or do in order to show that you accept
that smth exists or is true; 2. a statement of thanks for smth that
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smb has done; 2.(a) (plur.) a statement of thanks at the beginning
of a book, made by the writer to people who have helped

to alert — (verb) 1. to tell smb in authority about a danger or
problem so that they can take action to deal with it, to inform;
2. (formal) to tell smb about smth that may affect them, to warn:
to alert smb to smth; alert (noun) — a warning; on the alert —
paying attention to what is happening and ready to react quickly
if necessary

to herald — (verb) 1. to announce smth or to be a sign that smth is
going to happen soon; 2. to praise smth loudly or in a public way;
herald — (noun + of) a sign that smth is going to happen soon
incipient — (adj.) just beginning to appear or develop

to inquire — (verb + about/whether/why/when etc.) to ask smb
for information about smth; inquiry — (noun) a question intended
to get information about smb or smth: to make inquiries; inquiring
— (adj.): inquiring mind

to morph — (verb) (computing) to gradually change one image into
another, using computer technology, or to be changed in this way
to pinch — (verb) to squeeze smb’s skin between your thumb and
finger so that it hurts them; a pinch (noun) 1. a small amount
of smth that you can hold between your thumb and finger, for
example, salt; 2. the action of squeezing smb’s skin between your
thumb and finger so that it hurts them

to provide — (verb) 1. (smb with smth) to give smb smth that they
want or need; 1. (a) to cause smth to exist or be available; 2. (+that)
to contain statements or plans that set conditions for dealing with
a particular issue; provided/providing or provided/providing that —
(conjunction) only if a particular thing happens or is done

to scrutinize — (verb) to examine smth very carefully; scrutiny —
(noun) careful examination of smb or smth: to come under close
scrutiny, to be subject to public/parliamentary /judicial scrutiny
to snip — (verb) to cut smth in a short quick movement using
scissors; a snip (noun) — a small quick cut made with scissors

to specify — (verb) to explain smth in an exact and detailed way;
specification — (noun)

to swathe — (verb) to completely cover smth in smth; a swath —
(noun) 1. a large area of land; 2. a large number of people or a large
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amount of smth

to taper — (verb) to gradually become narrower towards one end or
make smth narrower towards one end; taper off — (phrasal verb)
to gradually become less

an understatement — (noun) a statement that makes smth seem
less important, serious, big, etc. than it really is; antonym: an
overstatement

IV Comprehension Exercises

Answer the following questions.

1.

w

10.

11.

12.

13.
14.
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What procedure is Perelman’s approach to analyzing three-
dimensional manifolds related to? What does it imply?

How can geometry be used to classify 2-manifolds or surfaces?
How many geometric types do the 2-manifolds form?

Who contributed to this geometric classification or geomet-
rization of 2-manifolds?

. Is it possible to find unique geometries for each topological

3-manifold, for which curvature is spread evenly throughout
the manifold?

What is the cutting up of each 3-manifold analogous to?
When and by whom was the classification scheme for 3-
manifolds first conjectured?

How might we try to geometrize a manifold — that is to give
it a uniform curvature throughout?

When Hamilton began such a program of analysis for 3-
manifolds in the early 1990s, what equation underlay his
research?

The Ricci flow has some similarities to the equation that
governs the flow of heat but in certain situations the Ricci
flow differs from heat flow. What are these situations?

How did Perelman manage to find a way around this
stumbling block and prove the Poincaré conjecture?

Why is Perelman’s research so important beyond proving the
Poincaré conjecture?

What does the renormalization group specify? What is it like?
What is the Ricci flow like?
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15. What do physicists expect to see on a scale of about 1073°
meter or the Planck length?
16. What other connection to physics did Perelman reveal?

V Grammar

1. Give the three forms of the verbs: to stick, to withstand, to
shrink, to underlie, to mean, to flow, to teach, to fly, to grow,
to arise, to spread, to hold, to find, to take, to get, to go.

2. Absolute Participle Construction. Translate the following
sentences into Russian.

a. In this way, any 3-manifold could be reduced to a
collection of pieces, each having a uniform geometry.

b. Most 3-manifolds cannot be assigned a uniform
geometry. Instead they have to be cut up into pieces,
each piece having a different canonical geometry.

c. There being no alternative, we have to take this implicit
concept for granted.

d. Hundreds of scientific papers have been written on
the pioneer anomalies, many of them trying to find
explanations beyond the current laws of gravity.

e. Pluto orbits the Sun in a period of just less than 250
years. It moves some 25 times slower than an asteroid
in the main belt. All things being equal, it would collide
with other planetesimals 25 times less often than if it
were in the main belt.

3. Translate the following sentences into Russian and comment
on the use of the grammar constructions.

a. It remains to be seen if his techniques will reveal
interesting new information about general relativity or
string theory.

b. If that is the case, Perelman will have taught us not only
about the shapes of abstract 3-spaces but also about the
shape of the particular space in which we live.

c. If you began with an egg, it would gradually become
perfectly spherical.
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d. Hamilton’s analysis ran into a stumbling block: in
certain situations the Ricci flow would cause a manifold
to pinch down to a point.

e. The spheres would grow, in effect drawing material from
the neck, which would taper to a point in the middle.

Verbal Noun. Explain the use of the corresponding grammar
construction in the following sentence.

The cutting up of each 3-manifold is somewhat analogous to the
factorization of a number into a unique product of prime factors.

. Open the brackets, putting the verbs in the required form.

a. The most important outstanding problems in the
development of the theory concern (to understand)
and classification of generalized catastrophies and the
more subtle catastrophies that arise when symmetry
conditions are imposed.

b. Herivel showed conclusively that Newton took the law
of inertia from (to write) of René Descartes.

c. The final section of Newton’s Principia develops the law
of universal gravitation and shows how it explains (to
fall) of objects to the earth, (to orbit) of the moon, the
motion of the planets and the phenomenon of tides.

. Mind the difference between the words affect and effect. Affect

is a verb, it means “cause a change in”, e.g.: The cold weather
affected everybody’s work. Effect is a noun, it means “result”
or “change”. It is often used in the expression “have an effect
on”, which means “change” or “influence”, e.g.: His meeting with
Stravinsky had a great effect on his musical development. Note
that affect means “have an effect on”. (M. Swan. Practical
English Usage)

. Each and every do not mean quite the same. Every puts

people or things into a group, like “all”. We often use every
to generalize. Each separates, when we say “each violinist,
each child, each player”, for example, we think of the people
doing things differently, separately, or one at a time. Compare:
We want every child to succeed. Each child will find his own
personal road to success. Every player was on top form. The
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Queen shook hands with each player in turn after the game.
When we are stressing the idea of a whole group, each is
not used. Each is not used with words and expressions like
“almost”, “practically”, “nearly” or “without exception”. Note
that each can be used to talk about two or more people or
things, but every always refers to three or more, never to two.
The idea of “every two” is given by “both”. (M. Swan. Practical
English Usage)
8. Fill in the necessary prepositions and adverbs.

a. Negative curvature is like the shape ... a mountain pass
or a saddle: going ... front ... back, a saddle curves .. .;
... left ... right, it curves down. Poincaré (who else?),
along ... Paul Koebe and Felix Klein (... whom the
Klein bottle is named), contributed ... this geometric
classification, or geometrization, ... 2-manifolds.

b. It is natural to try to apply similar methods ... 3-
manifolds.

c. Is it possible to find unique geometries ... each
topological 3-manifold, ... which curvature is spread
evenly ... the manifold?

d. It turns ... that 3-manifolds are far more complicated
than 2-manifolds.

e. Most 3-manifolds cannot be assigned a uniform

geometry. ... they have to be cut ... ... pieces,
each piece having a different canonical geometry.

f. ..., instead ... three basic geometries, as ... 2-
manifolds, the 3-manifold pieces can take any ... eight
canonical geometries.

g. The cutting ... ... each 3-manifold is somewhat
analogous ... the factorization ... a number ... a
unique product ... prime factors.

h. This classification scheme was first conjectured
Thurston ... the late 1970s. He and his colleagues
proved large swaths ... the conjecture, but crucial
points that the entire system depended ... remained

. their grasp, including the part that embodied the
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Poincaré conjecture.

i. Was the 3-sphere unique? An answer ... that question
and completion ... the Thurston program have come
only ... Perelman’s papers.

VI Phrasal Verbs

to cut up into — to cut smth into several pieces

to smooth out — to move your hand across the surface of smth
until it is flat and even

to even out — if things even out or you even them out, they show
fewer or smaller changes or differences

to stick out — to continue further than the end of a surface or the
main part of an object

to seal off — to prevent people from entering an area or a building
to end up — to be in a particular place or state after doing smth
or because of doing it

to turn up — to increase the amount of sound, heat or light
produced by a piece of equipment by pressing a button or moving
a switch

to turn down — a. opposite to turn up; b. to refuse to accept an
offer or request

VII Exercises

a. Give synonyms to the following words.

similarity to grasp

to govern to embody
to acquire to inquire

to admit to eliminate
to specify to withstand
to decline to occur

to scrutinize to investigate
b. Give antonyms to the following words.
Visible, a regularity, an overstatement, to acquire, necessarily,
coarse, to reject
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c. Match a phrasal verb in the left column with its equivalent in
the right one.

1. to even out a. to be in a particular place or state
after doing smth

2. to stick out b. to move your hand across the
surface of smth until it is even

3. to seal off c. to refuse to accept an offer or
request

4. to turn down d. to prevent people from entering
an area or a building

5. to smooth out e. to continue further than the end
of a surface

6. to end up f. if things even out, they show fewer
or smaller changes

7. to turn up g. to cut smth into several pieces

8. to cut up h. to increase the amount of sound,

heat or light produced by a piece of
equipment by pressing a button or
moving a switch

VIII Key Terms

Geometrization — geometric classification of manifolds

Homotopy — a measure of an object’s topology

The renormalization group specifies how interactions change in
strength depending on the energy of a collision. For example,
at low energies the electromagnetic interaction has a strength
characterized by the number 0.0073 (about 1/137). If two electrons
collide head-on at nearly the speed of light, however, the strength
is closer to 0.0078.

Planck length — the possible values of volume and area are
measured in units of quantity called the Planck length; this length
is related to the strength of gravity, the size of quanta and the
speed of light. Planck length is a length scale thought to be of

importance in quantum gravity which may represent the shortest
possible distance between points; equals \/%, where G is the

gravitational constant, h is Planck’s constant and c is the speed
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of light; value 1.62 x 1073° m. The corresponding Planck mass is
2.1 x 1078 kg.

IX Conversational Practice

Agree or disagree with the statements. Justify your choice. Add
some sentences to develop your idea. Use the introductory phrases.

182

Right it is. Quite so. I am afraid, it is wrong.

Absolutely correct. On the contrary. Far from it.

I quite agree. Not at all.

What I mean to say is. .. Not quite so. My point is
that. ..

I think it is right. It is not the case.

In a sense, it is true. Just the other way round.

I share this viewpoint. It is unlikely. There is one
more point.

. Geometry relates to the actual shape of an object or manifold.
. Perelman’s approach to analyzing three-dimensional manifolds

is related to a procedure called geometrization.

Each topological surface is not assigned a special, unique
geometry: the one for which the curvature of the surface is
spread completely evenly about the manifold.

. The 2-manifolds form 8 geometric types.

It is possible to find unique geometries for each topological
3-manifold, for which curvature is spread evenly throughout
the manifold.

Instead of three basic geometries, as with 2-manifolds, the
3-manifold pieces can take any of 8 canonical geometries.
The classification scheme was first conjectured by Thurston
in the late 1970s. He and his colleagues proved a small part
of the conjecture but crucial points that the entire system
depended on remained beyond their grasp including the part
that embodied the Poincaré conjecture.

Hamilton began his program of analysis for 2- and 3-
manifolds in the early 1990s, using an equation called the
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Ricci flow, which has no similarities to the equation that
governs the flow of heat.
9. Hamilton’s analysis ran into a stumbling block.

10. Adding a new term to the Ricci flow equation eliminated the
troubles with singularities.

11. When the Ricci flow and the surgery are applied to all possible
3 manifolds, any manifold that is as “simple” as a 3-sphere
unnecessarily ends up with the same uniform geometry as a
3-sphere.

12. Beyond proving Poincaré’s conjecture, Perelman’s research is
of no importance for the innovative techniques of analysis it
has introduced.

13. The mathematics has no curious connections to physics.

14. Physicists expect that on a scale about 1073%, or the Planck
length, the space in which we live will look the same.

15. Another connection is that the equations to physics of general
relativity, which describe the workings of gravity and the
large-scale structure of the universe, are closely related to
the Ricci flow equation.

X Vocabulary Practice

Try to recollect how these phrases are used in the text.

To withstand close scrutiny. .., a procedure called geometrization. . .,
geometry relates to..., to gain a sense of how geometrization
served. . ., is assigned a special, unique geometry; the 2-manifolds form
3 geometrical types. .., contributed to this geometric classification. ..,
it is natural to apply similar methods..., it turns out that 3-
manifolds. . ., instead they have to be cut up ..., remained beyond
their grasp. .., using an equation called the Ricci flow. .., ran into a
stumbling block. .., when the manifold had a dumbbell shape..., a
trouble called a cigar singularity. .., Perelman added a new term. ..,
surgery could be performed..., in this way any 3-manifold could
be reduced to..., when the Ricci flow and the surgery are applied
to..., beyond proving Poincaré’s conjecture. .., another connection
to physics. . ., it remains to be seen. . ..
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XI Writing

Outline the main ideas and write an abstract (a brief and concise
summary) of the text.

a. Give your abstract a title.

b. Begin the abstract with one of the introductory general
phrases: the text deals with, the author points out, discusses,
surveys, gives an overview, etc.

c. The principal part must not exceed 8-10 sentences generalizing
the main idea of the text in a logical sequence.

XII Text II

Read the text and discuss H. Poincaré’s contribution to science.

LOST IN EINSTEIN'S SHADOW

by Tony Rothman

PRINCIPLE OF RELATIVITY

Einstein didn't call his creation “the theory of relativity,” but it
was indeed based on two postulates, the first being the “principle
of relativity,” the supposition that any experiment done on a train
moving with constant velocity should give the same result as an
identical experiment done on the ground.

It wasn't Einstein's idea. The great French mathematician Henri
Poincaré enunciated the principle of relativity at least as early as 1902
in his popular book Science and Hypothesis. We know from Einstein's
friend Maurice Solovine that the two pounced on Poincaré’s book,
indeed that it kept them “breathless for weeks on end.” It should have.
In Science and Hypothesis, Poincaré declares: “1) There is no absolute
space, and we can only conceive of relative motion; 2) There is no
absolute time. When we say that two periods are equal, the statement
has no meaning; 3) Not only have we no direct intuition of the equality
of two periods, but we have not even direct intuition of the simultaneity
of two events occurring in two different places.”
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These ideas lie at the heart of relativity, and it is hard to imagine
that they did not have a profound effect on Einstein’s thinking. But
Poincaré not only speculated — he calculated, and in the same weeks
that Einstein was writing his paper on relativity, Poincaré completed a
pair of his own. The major one is quite remarkable. Mathematically, he
has more than Einstein does. Among other things, he notes that time
can be viewed as a fourth dimension (something Einstein doesn’t do,
by the way), he predicts the existence of gravitational waves 10 years
before Einstein does and, perhaps most remarkable of all, he writes
down an expression exactly equivalent to E = mc? several months
before his rival. But he fails to interpret it.

Poincaré's paper, alas, is that of a mathematician. Right at the
start he sets the speed of light equal to a constant, “for convenience.”
The second, and revolutionary, postulate at the basis of Einstein's
relativity is in fact that the speed of light is always observed to be
the same constant, regardless of the speed of the observer. Perhaps
if Poincaré had been less a brilliant mathematician and more a dumb
physicist he would have seen that the whole edifice stands or falls on
this “convenience.” He didn't.

XIII Render the following text.

Marepuasn u3 Bukumeann — cBOOOIHON SHIMKIONETHN

Maremarwdeckas nearebHOCTH [lyankape HOCHITA, MEXKIUCITA-
JIMHAPHBIA XapakTep, Oaromaps 9eMy 3a TPUAIATH C HEOOIbIITNM
JleT CBOell HaNpPAXKEHHONH TBOPYECKON AedTeJIbHOCTA OH OCTABUJI
dyHIaMEHTATbHBIE TPY/IbI IPAKTUYIECKH BO BCEX OOIACTIX MaTeMar
ruku. Paborsr [lyankape, onybankosanubie [Tapmxkckoit Akamgemu-
eit Hayk B 1916-1956, cocraiisitor 11 TOMOB. DTO TPYABI IO CO3TAH-
HO¥ MM TOTIOJIOTHH, aBTOMOPGHBIM DYHKIMAM, Teopun nuddepeH-
[UAJIBHBIX YPABHEHUN, MHTEIPAJIHLHBIM YPABHEHUIM, HEEBKIIUAIOBOM
FeOMETPHH, TEOPUH BEPOSTHOCTEH, TEOPUU UHCEN, HeDECHOH Mexa-
HuKe, ¢pusnke, Gpumocopun MaTeMaTHKA U (Hpurocodprn HAYKH.

Bo Bcex pasnoobpasubix obsacTsx cBoero tBopuecTBa Ilyam-
Kape MOJIy4YnJl BaKHbIe u riIyOOKWMe pe3yabTaThbl. XOTs B €ro Ha-
YYHOM HACJIEIUN HEMAJIO KPYITHBIX PADOT MO «YIUCTOW MATEMATH-
Ke» (abcrpakTHas anrebpa, aarebpandeckas reOMeTpUsl, TEOPUs -
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CeJl U JIP.), BCE XK€ CYIECTBEHHO IPe0bJIaNaioT TPY/bl, PE3YJIbTaTh
KOTOPBIX UMEIOT HEMOCPEICTBEHHOE MPUKIIaaHoe npuMenerue. Oco-
O6eHHO 3TO 3aMeTHO B ero paborax mociaenaux 15-20 mer. Tem me
Menee oTKpbITud [lyankape, Kak MpaBuIoO, UMEIN OOIIUi XapaKTep
U TIO3/IHEE C YCIEeXOM MPUMEHSIJIUCH B JIPYTUX 00JACTAX HAYKU.

Tsopueckuit meron Ilyamkape omupascs HA CO3JAHWE UHTYU-
TUBHOW MO/IEJIN TOCTABJIEHHON MPODJIEMbI: OH BCEr/ia CHAYAJIA [MOJI-
HOCTBIO PEIaJI 3378491 B IOJI0Be, a 3aTeM 3anuchiBaJl pemerue. [1y-
ankape obyiazaa (peHoMeHaIbHOM MaMsSIThI0O W MOT CJIOBO B CJIOBO
[UTUPOBATH MPOYUTAHHBIE KHUTU W MIPOBEIEHHBIE Gecenbl (IaMaTh,
uHTYyUnus U BooOpaskenune Ampu Ilyankape marke craju mpeaMe-
TOM HACTOSLIEro IICUXOJIOMMYecKOro uccienosanus). Kpome roro,
OH HUKOT/Ia He PabOTaJI HaJI, OTHOI 3aJa49eil JOJIroe BpeMsl, CANTad,
9TO TMOACO3HAHWE Y Ke IOJIYYWUIIO 33Ja4dy U IIPOJOJIKAeT padory,
Jlayke KOT/Ia, OH Pa3MbINLIsieT O Apyrux Bemax. CBoit TBOpuecKuit
meror, Ilyarmkape moapobmo onwmcas B Jokgamge «Maremarudaeckoe
rBopuecTBo» ([Tapukckoe ncuxosnoruyeckoe obuecrso, 1908).

[Tonb IlennmeBe Tak omnenmn 3uadenne [lyankape Ayt HAyKn:

“Om Bce nocrur, Bce yrrydmir. Obmamas HeoObraaitHo u3obpera-
TEJIbHBIM YMOM, OH HE 3HAJI IPEIEI0OB CBOEMY BIOXHOBEHUIO, HEYTO-
MUMO TTPOKJIAIbIBAS HOBBIE ITyTH, U B aOCTPAKTHOM MEUPE MaTeMa-
TUKW HEOJHOKPATHO OTKPHIBAJI HEM3BEIAHHBIE 0DaacTu. Beromy, Ky-
14 TOJIBKO IIPOHUKAJI Y€JI0OBEYeCKU Pa3yM, CKOJIb Obl TPY/IEH U TeP-
HUCT HE OBLT €ro myTh — Oy/Ib TO MPodIeMbl OECIIPOBOJIOTHON Tee-
rpaduu, PEHTTEHOBCKOTO U3JIyYeHNs WU TPOUCXOXKICHUS 3eMJIn
— Awnpu ITlyankape men psaoMm... Buecre ¢ BelukuM (bpaHIrys3-
CKUM MATEMATHKOM OT HAC YIeJ eINHCTBEHHBIH YeJIOBEK, Pa3yM
KOTOPOT'O MOT' OXBATUTh BCE, YTO CO3JAHO PA3yMOM JAPYTHX JIIOMIEH,
MPOHUKHYTH B CAMYIO CyTh BCErO, YTO IMOCTULJIA HA CErOHS 9eJi0-
BeYeCKasi MbICb, U YBUIAETH B HEl HEYTO HOBOE”.
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Text

HOW TO KEEP SECRETS SAFE"

A versatile assortment of computational techniques can protect the privacy
of your information and online activities to essentially any degree and
nuance you desire

by Anna Lysyanskaya

THE AUTHOR

Anna Lysyanskaya is associate professor of computer science at Brown
University, where she is a recipient of a National Science Foundation
CAREER grant and a Sloan Research Fellowship. She earned her
Ph.D. from the Massachusetts Institute of Technology, supervised
by Ronald L. Rivest, the “R” of RSA encryption. Signature schemes
and anonymous authorization protocols from her thesis are now a
part of the Trusted Computing Group Standard. If you bought a new
computer in the past couple of years, its microprocessor probably
incorporates them.

193cientific American, September 2008, pp. 91-94
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Word Combinations

to encrypt one’s message

a function with a trap-door
property

a fundamental cryptographic
breakthrough

to fuel years of subsequent
research in encryption

to append a signature to one’s
message

to underpin the security of a
specific function

to envision digital-signature
schemes

to trick people to act against
their best interest

to wrap one’s message in
layers

to route a message back

to forward the onion to smb
in random order

to choose to reveal one’s
identity

to provide browsing over an
encrypted channel

to decrypt the
ciphertext

to recover the plain text

resulting

to be hard to invert

to verify a signature

to produce the valid signature
to combat spam

to include fake news reports
to match the message

to handle the decryption

to participate as an
intermediary

to receive the onion core

to volunteer one’s computers

to remain untraceable

I Read the questions and find answers in the text that

follows.

1. What kind of encryption has been known and practiced for

centuries?

2. What discovery was hailed as a fundamental cryptographic

breakthrough?

3. What do digital-signature schemes provide?
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The oldest and one of the most fundamental problems studied
in cryptography is that of encryption — the problem of how to
communicate securely over an insecure channel (one on which an
adversary can eavesdrop). Alice wants to send a message to Bob, but
Eve has control over part of the channel (through the apartment’s
network) that Alice will use. Alice wants Bob, but not Eve, to be able
to read the message.

In analyzing this problem, notice, first, that Bob must know
something that Eve does not — otherwise Eve would be able to do
whatever Bob can do. Bob'’s private knowledge is called his secret key
(SK). Second, notice that Alice must know something about Bob’s
SK so that she can create a ciphertext — an encrypted message —
specifically for Bob. If Alice knows the SK itself, the protocol is called
secret-key encryption, the kind of encryption that has been known
and practiced for centuries.

In 1976 Whitfield Diffie and Martin E. Hellman, both then at
Stanford University, envisioned another possibility, called public-key
encryption, in which Alice need not know the SK. All she needs is a
public value related to the SK called Bob's public key (PK). Alice uses
his PK to encrypt her message, and only Bob, with his SK, can decrypt
the resulting ciphertext. It does not matter that Eve also knows Bob's
PK because she cannot use it to decrypt the ciphertext. Diffie and
Hellman proposed the public-key idea but did not know how to carry
it out. That came a year later, when Ronald L. Rivest, Adi Shamir
and Leonard M. Adleman, all then at the Massachusetts Institute of
Technology, gave the first construction of a public-key cryptosystem:
the RSA algorithm.

Their algorithm works for public-key encryption because it involves
a so-called trapdoor function. Such a function is easy to compute, to
produce the ciphertext, yet hard to invert, to recover the plaintext,
unless a special “trapdoor” is used. The trapdoor serves as the secret
key. The RSA algorithm was the first example of a function with a
trapdoor property. For this work they won the 2002 A.M. Turing Award,
the most prestigious prize in computer science.

The RSA discovery, hailed as a fundamental cryptographic
breakthrough, fueled years of subsequent research in encryption
and in cryptography more generally. Much hard work on encryption
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still remains, from finding new trapdoor functions, to studying the
mathematical assumptions that underpin the security of a specific
function, to defining precisely what is required for an encryption
system to be considered secure.

Public-key encryption makes it possible to purchase things online
without sending sensitive information such as credit-card numbers
openly on the Internet. The customer's Web browser plays the role
of Alice and the Web site the role of Bob. More generally, https, a
protocol that most browsers now support, uses public-key encryption to
provide Web browsing over an encrypted channel — look for https://
in the URL (the address of the Web site) and an icon such as a closed
padlock on the browser's status bar.

Many people also use public-key encryption for secure e-mail.
Plenty of free software exists for that purpose, including the GNU
Privacy Guard package (available at www.gnupg.org) first released
by the Free Software Foundation a decade ago. If you do not encrypt
your e-mail, it travels across the Internet in a form that is easy to read
and may remain in that form on various hard drives along the way for
some time afterward.

Closely associated with the problem of encryption is that of
authentication. Suppose Alice receives the message “Alice, please send
Eve $100. Love, Bob.” How does she know that it really came from
her boyfriend Bob and was not in fact fabricated by Eve?

Just as in the encryption scenario, Bob must know something
that Eve does not so that he, but not Eve, can produce a message
that Alice will accept. Thus, Bob again needs a secret key. Moreover,
Alice needs to know something about Bob's SK to be able to verify
that the message is from Bob. Once again, two varieties of protocol
exist: secret-key authentication, more commonly known as a message
authentication code, and public-key authentication, frequently referred
to as a digital-signature scheme. Diffie and Hellman first envisioned
digital-signature schemes at the same time that they proposed public-
key encryption, and a scheme using the RSA algorithm was the first
one constructed.

The chief idea is that Bob uses his SK to compute a “signature”
that he appends to his message and that Alice or anyone else then uses
his PK to verify that it matches the message itself. Alice knows the
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message must be from Bob because no one else has the SK needed to
produce the valid signature.

Currently it is easy to trick an e-mail client into thinking that
a message came from Bob when in fact it came from Eve. A
spoofed e-mail may include fake news reports and incorrect stock
quotes, tricking people to act against their best interest. But if all
e-mail communication were authenticated, such an attack would
be impossible: your e-mail client would digitally sign all outgoing
messages and would verify the digital signatures of all incoming
messages. Authentication could also combat spam by having servers
reject incoming e-mail that is not authenticated by its sender.
Authentication protocols did not exist when e-mail was developed in
the 1970s, and many conventions from that era still prevail.

Software that everyone can use to sign their e-mail and verify
signatures is freely available, for instance, as a part of the GNU Privacy
Guard package mentioned earlier.

ONION ROUTING

By encrypting your messages, you can prevent Internet service
providers (or any other eavesdropper) from discovering what you send
and receive, but not to whom you are communicating. For example,
Alice’s ISP will know if she browses an Alcoholics Anonymous Web
site. Imagine if the ISP were to sell this information to car insurance
companies. People would be less likely to seek help online because
they would be worried that it would increase their insurance premium.

This problem could be solved with SFE: Alice's private input
would be the URL she wants to look at, and her private output
would be the contents of the Web page she wants to see. Using SFE,
however, would be highly inefficient. In 1981 David Chaum, then
at the University of California, Berkeley, proposed a much simpler
solution called anonymous channels, now also known as onion routing.

As the name suggests, Alice wraps her message in layers. She
encrypts each layer (and everything inside it) with a different person’s
public key and then adds that person’s address to the outside of the
layer. A message from Alice to Bob could travel as follows: Alice sends
the onion to Mark, who can peel off the outermost layer by decrypting
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the onion with his secret key. Inside, Mark finds a smaller onion and
Lisa’s address. He forwards that onion to Lisa, who can decrypt it with
her key, and so on. Finally, Bob receives the onion core from someone,
and he decrypts it to find Alice's message.

In practice, the intermediaries are part of a network of computers
set up to handle the decryption and forwarding automatically. Ideally,
each intermediary continually receives lots of onions and forwards them
in random order. Even if an ISP is watching all the intermediaries at all
times, it cannot tell where Alice’s message went or where Bob's came
from, provided there is enough onion traffic on the network.

Bob himself does not know who sent the message, unless Alice
chooses to reveal her identity in the message. Yet even if she remains
anonymous to him, he can still send her an anonymous reply if she
includes a “reply onion” containing the layers of addresses and public
keys needed to route a message back to her.

Alice’s and Bob's messages can remain untraceable even if some
of the intermediaries leak information about what they are doing. As
more participants use this system and volunteer their computers to
serve as intermediaries, it becomes harder to figure out who is talking
to whom.

As with encryption and digital signatures for e-mail, free software
is available for anyone to communicate over anonymous channels or
to participate as an intermediary. The Onion Router (Tor) project, for
instance, can be found at www.torproject.org.

II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

III Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

to browse — (verb) (computing) 1. to look for information in
a computer, especially on the internet, mobile phones that can
browse the web; 1.(a) to look at a website on the internet, e.g.:
an excellent graphical interface for browsing web pages; browser —
(noun) (computing) a computer program that allows you to look
at and search through information on the internet
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cipher — (noun) a secret system of writing, used for sending
messages so that no one can understand them unless they know
the system code

to eavesdrop — (verb) to listen to other people’s conversation
without them knowing that you are listening

to encrypt — (verb) to put information into a form called a code
that other people are unable to read; encryption — (noun)

to envision (AmE to envisage) — (verb) to consider smth as
possible or what you intend

to forward — (verb) to send a letter, an e-mail, etc. that has been
sent to your address to smb else at another address

to hail — (verb) to say publicly how good or important smth is

to intercept (verb) to stop, catch or take control of smb or smth
before they can get to the place they are going to, e.g.: to intercept
a message; interception — (noun)

an intermediary — (noun) smb who talks to each of the people or
groups involved in smth, usually passing information from one to
the other or trying to persuade them to agree with each other

to invert — (verb) to put smth in the opposite position to the one
it was in before, especially by turning it upside down; inverted —
(adj.) turned in the opposite direction, especially upside down

to leak information — (verb) to tell private or secret information
to journalists or to the public

protocol — (noun) 1. a set of rules for the correct way to behave
in formal occasions; 1.(a) (computing) a method of sending
information between computers

to route — (verb) to send smb or smth along a particular route; a
route — (noun) 1. a way that buses, trains, ships or planes travel
regularly; 1.(a) the roads and paths that you use when you go from
one place to another

spoof — (noun) a piece of entertainment that copies smth in a
funny way intended to make it seem silly; to spoof — (verb)

to underpin — (verb) to be an important basic part of smth,
allowing it to succeed or continue to exist; underpinning — (noun)
to verify — (verb) to check or prove that smth is true or correct;
verification — (noun); verifiable — (adj.) able to be checked or
proved
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to volunteer — (verb) to offer or choose to do smth without being
forced; a volunteer — (noun); voluntary — (adj.)

IV Comprehension Exercises

Answer the following questions.

1.

- w

© N> o

10.

11.
12.

13.

14.
15.

What is one of the most fundamental problems studied in
cryptography?

What is a cyphertext like?

What kind of encryption is called secret-key encryption?
What another kind of encryption was envisioned by W. Diffie
and M.E. Hellman in 19767

When and by whom was the public-key idea realized?

How will you decrypt the RSA algorithm?

What does this algorithm involve?

What prize did the scientists win in 20027

What does public-key encryption make it possible to do?
What problem is closely associated with the problem of
encryption?

What is the chief idea of the digital-signature scheme?
What problems would be eliminated if all e-mail communication
were authenticated?

What can’t you prevent from discovering by encrypting your
message?

What solution was proposed?

In what way does “onion routing” work?

V Grammar

1.

194

Give the 3 forms of the verbs: to seek, to know, to sell, to
win, to send, to tell, to set, to choose, to become, to read, to
give, to think, to undertake, to learn, to catch, to buy.

. Find in the text conditional sentences in the Indicative Mood

and in the Subjunctive Mood. Translate them into Russian.
Pay attention to the difference in grammar constructions.
The Indicative Mood. Conditionals. Type I. Real Condition.
Put the verbs given in brackets in the required form.
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4. The

Such a function is hard to invert, to recover the plain
text, unless a special trapdoor (to be used).

On the plane two geodesies intersect in exactly one point
unless they (to be) parallel.

. A moving body is “at rest” as far as its own inertia is

concerned, as long as its motion (to continue) at the
same speed and in the same direction.

. If the string (to become) slack, the tension is supposed

to vanish and no work is done until the string again (to
become) tight.

. The change of velocity is not constant unless the change

(to be constant) both in magnitude and direction.
Galileo pointed out that if completed infinite sets (to
be) admissible in maths, there must be as many even
integers as there are even and odd integers together.

A car continues in motion unless a force (the brakes or
the friction of the road surface or an uphill slope) (to
stop) the car.

The relative velocity of two bodies in orbit around the
Sun will tend to be great unless the orbits (to be similar)
in size, shape and orientation.

Approximation necessarily introduces errors. If there (to
be) many successive numerical operations, the errors can
accumulate and make nonsense of the final result. Only
if a careful error analysis (to be undertaken) can the
final answer be stated with confidence and such error
analysis is one of the most complex problems faced in
many fields.

. Bob himself doesn’t know who sent the message unless

Alice (to choose) to reveal her identity in the message.
Subjunctive Mood. Conditionals. Type II. Unreal

Condition.
Put the verbs given in brackets in the required form.

a.

But if all e-mail communication (to be authenticated),
such an attack (to be) impossible: your e-mail client (to
digitally sign) all outgoing messages and (to verify) the
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digital signatures of all incoming messages

Imagine if the ISP (to be) to sell this information to car
insurance companies. People (to be) less likely to seek
help on line because they (to be) worried that it (to
increase) their insurance premium.

The Ricci flow equation has a similar effect on curvature,
morphing a manifold to even out all the bumps and
hollows. If you (to begin) with an egg, it (to gradually
become) perfectly spherical.

If there (to be) no slight but repeated gravitational tug
between the two satellites (Io and Europa) that keeps
their orbits elliptical, tidal forces from Jupiter (to drag)
Io into a perfectly circular orbit in a few million years,
and tidal heating then (to cease).

If it (not to be) for the radio, there (to be) little point
in sending satellites into space.

But for Newton’s gravitational theory, people (to think)
of the world as two-dimentional.

Under current number-theoretical beliefs about the
difficulty of cracking FEE codes, it (require) without
knowing the secret key all the computing power on
earth more than 101°°% years to decrypt the gibberish
back to a meaningful magazine.

5. Fill in the necessary prepositions or adverbs.
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a. ...

encrypting your messages, you can prevent Internet
service providers (or any other eavesdropper)
discovering what you send and receive, but not ...
whom you are communicating.

1981 David Chaum, then ... the University of
California, Berkeley, proposed a much simpler solution
called anonymous channels, now also known as onion
routing.

As the name suggests, Alice wraps her message ...
layers.

She encrypts each layer (and everything ... it) ... a
different person’s public key and then adds that person’s
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address ... the outside ... the layer.

e. A message ... Alice ... Bob could travel as follows:
Alice sends the onion ... Mark, who can peel ... the
outermost layer ... decrypting the onion ... his secret
key.

f. ..., Mark finds a smaller onion and Lisa’s address.

g. He forwards that onion ... Lisa, who can decrypt it ...
her key, and so . ... Finally, Bob receives the onion core

. someone, and he decrypts it to find Alice’s message.

h. ... practice, the intermediaries are part ... a network

computers set ... to handle the decryption and
forwarding automatically.

i. Ideally, each intermediary continually receives lots ...
onions and forwards them ... random order.

j. Even if an ISP is watching all the intermediaries ... all
times, it cannot tell where Alice’s message went or where
Bob’s came ..., provided there is enough onion traffic
... the network.

VI Phrasal Verbs

to peel off — to remove a tight or wet piece of clothing

to set up — to start smth such as a business organization or
institution; to organize or plan smth such as an event or system
to figure out — to be able to understand smth or solve a problem
to carry out — to do a particular piece of work, research etc.

to refer to smb/smth — to mention smb or smth when you are
speaking or writing

to be referred to as — to be called

VII Exercises

a. Give synonyms to the following words.

to restore  to purchase to proclaim
to greet to associate to obtain
to remove to suggest to disclose

b. Give antonyms to the following words.
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To reveal, to encrypt, an adversary, secure, traceable, to prevent,
available, compulsory, private, correct

VIII Key Terms

SK — secret key

PK — public key

The RSA algorithm — called so by the first letters in the surnames
of the inventors

A message authentication code — SK authentication

GNUPG — Privacy Guard Package first released by the Free
Software Foundation

ISP — Internet Service Provider

SFE — secure function evaluation. Suppose, for instance, that
all the members of a group connected by the Internet want to
compute smth that depends on data from each of them — data
that each wants to remain private. The data could be their
vote in an election and they want to know the outcome without
revealing their individual votes. A procedure known as multiparty
computation or SFE enables them to tally their votes in such
a way that each participant learns the correct output and no
one can learn anyone’s individual vote — not even a coalition
of malevolent insiders capable of intercepting messages on the
network and substituting their own carefully crafted fake data.
The SFE protocol can also provide each individual with a private
output.

IX Conversational Practice

Agree or disagree with the statements. Justify your assertions. Add
some sentences to develop your idea.
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12.

13.

14.

I'm sure/certain about the Sorry, I'm not really sure.
fact that. ..

T’ve no doubt that. .. I'm in two minds about it.

I think. .. Surely not. I mean. ..

As T see it. .. Yes, but on the other hand. ..
In my view/opinion Let me explain my point.

. The oldest and one of the most fundamental problems studied

in cryptography is that of encryption — the problem of how to
communicate securely over an insecure channel (one on which
an adversary can eavesdrop).

. Bob’s private knowledge is called his PK.
. Alice must know smth about Bob’s SK so that she can create

a ciphertext — an encrypted message — specifically for Bob.

. If Alice knows the SK itself, the protocol is called SK

encryption.

. PK encryption, the kind of encryption that has been known

and practiced for centuries.

. The protocol on PK encryption implies that Alice uses Bob’s

PK to encrypt her message and only Bob with his SK can
decrypt the resulting ciphertext.

. The PK idea was proposed by W. Diffie and M. Hellman and

they knew how to carry it out.

. R.L. Rivest, A. Shamir and L.H. Adelman, all then at

the Massachusetts Institute of Technology, gave the first
construction of a PK cryptosystem: the RSA algorithm.

. The discovery of the RSA algorithm was insignificant.
10.
11.

The algorithm involves a so-called trapdoor function.

A protocol that most browsers now support uses SK
encryption to provide web browsing over an encrypted
channel.

Not so closely associated with the problem of encryption is
that of authentication.

Once again, only one protocol exists, i.e. SK authentication,
more commonly known as a message authentication code.
The chief idea is that Bob uses his PK to compute a
“signature”.
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15. If all e-mail communication were authenticated, no spoofed e-
mail containing fake news reports, incorrect stock quotes, etc.
and tricking people to act against their best interest would
be possible.

X Vocabulary Practice

Try to recollect how these phrases are used in the text.

The oldest and one of the most fundamental problems studied
in cryptography..., the protocol is called SK encryption..., the
first construction of a PK cryptosystem: the RSA algorithm. .., it
involves the so called trapdoor function.. ., hailed as a fundamental
cryptographic breakthrough..., PK encryption makes it possible. . .,
closely associated with the problem of encryption. .., once again, two
varieties of protocol exist. .., a PK authentication frequently referred
to as. .., if all e-mail were authenticated. ...

Retell the text “Onion Routing” by using the following expressions
as clues.

To prevent Internet Service providers. .., a solution called anonymous
channels. . ., as the name suggests.., with a different person’s PK. ..,
adds that person’s address..., by decrypting the onion with his
SK. .., he forwards that onion to..., Bob finally receives the onion
core from ..., part of a network of computers. .., set up to handle the
decryption. .., in random order. .., unless Alice chooses to reveal her
identity. .., to route a message back to her..., as more participants
volunteer their computers. . ..

XI Writing

Outline the main ideas and write an abstract (a brief and concise
summary) of the text.

XII Render the following text

AHannz 6e30nacHOCTU KpPUNTOCUCTEMBI — 3TO XOPOLIO pa3paboTaH-
Hasi obnactb Hayku. B otnnume ot obwenpuHaToro npegcraeneHus,
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Kpuntorpacusi — 3TO He WUrpa B KOLWKM-MbILIKWA, B KOTOPOUW Mpea-
nonaraeTcsi, 4To cuctemMa besonacHa, TOJLKO MOTOMY YTO HUKTO HE
nokKasaJi, Kak ee B3iomMmaTb. HanpoTus, MHorve dpyHgameHTanbHbIE MO-
HATNA KlenTorpad)lel OCHOBbIBAOTCA Ha XOPOLWO U3YHEHHbIX MAaTEMa-
Tuyeckux npobnemax. Kpuntorpadbl He MOryT nokasaTb, BO3MOXXHO
JIA B NpUHUMNNE B3/IOMATb HEKYIO KDUNTOCUCTEMY, HO OHW NOKA3bIBAOT,
4TO NtODOIA aNTOPUTM ee B3/IOMa TaKXKe MO3BONA Obl PELLNTL KaKyHo-
Nnbo pyHAAMEHTANBHYIO NPOBIEMyY, KOTOpasi CTaBUT B TYMUK JIyHLLNX
MaTEMATUNKOB 1N KI/I6epHeTVIKOB.

HeKOTOpre MNPOTOKOJbl 3aBNCAT TOJNIbLKO OT CyLLECTBOBAHUA MaTe-
MaTu4eckoil dyHkuynm onpeaenenHoro suga. Hanpumep, kpuntorpa-
bl 3HAIOT, KaK MOCTPOUTL KPUMTOCUCTEMY C OTKPLITBIM KJIOHOM, UC-
nonb3ys stobyto opgHocTopoHHtoto (trapdoor) dyHkuuo. Takum obpa-
30M, ecnu Obl KTO-TO B3710Mas hyHKLUMM, NCMNOJb3yeMble B MPOTOKOE
PCA, mbl Mornin Obl 3aMeHUTb UX APYrUMU OfHOCTOPOHHUMU (PYHK-
LUusiMu.

Jlnwb TonbKo n3penka cxema cuntaercsa besonackHoin. Ho ato npo-
NCXOAUT TOSILKO MOC/IE TOro, Kak COTHN BEAyLUMX ucciegosaTeneii no
BCEMY MUPY M3y4asu aJirOpuTM B TEYEHUE HECKOMbKUX JieT. Kpunto-
rpachuyeckoe coobLECTBO MOXKET cebe NO3BONUTL OCYLECTBUTL 3TOT
npouecC TONbKO AN HECKOJIbKNX Ba>KHeMLWnx d)yH.U,aMeHTaﬂbelX no-
HATUN 1 NPOTOKONOB (CTpomTenbHbix Bnokos). Kpuntorpads 3atem
[lOKa3bIBatOT He30MacHOCTL Doslee KPYMHbIX CUCTEM, NoJarasic Ha 6e3-
OMaCHOCTb CTPOUTESIbHBLIX BJIOKOB.

Scientific American, September 2008, p. 95
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Text I

THE CHALLENGE OF LARGE NUMBERS?

As computer capabilities increase, mathematicians can better characterize
and manipulate gargantuan figures. Even so, some numbers can only be
imagined.

by Richard E. Grandall

THE AUTHOR

Richard E. Grandall is chief scientist in Next Software. He is also Vollum
Adjunct Professor of Science and director of the Center for Advanced
Computation at Reed College. Grandall is the author of seven patents,
on subjects ranging from electronics to the East Elliptic Encryption
system. In 1973 he received his Ph.D in physics from the Massachusetts
Institute of Technology.

208cientific American, February, 1997, pp. 7677
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Word Combinations

a workhorse of all engineering
algorithms

to be thought of as a means
for ascertaining smth

to enhance a fundamental
operation between numbers
via FFT

to refine an astute observa-
tion into a rigorous theory
the one-billionth decimal
place of 7

to fall somewhere in the range
of

a long-winded process

to be beyond the scope of
smth

to decompose the signal into
its spectral components

an irrational-base discrete
weighted transform

more recently
a record holder

by way of smth

a gargantuan number

current  number-theoretical
beliefs

to take considerable comput-
ational effort

by any account

frequency bands
to treat smth as bipolar

to optimize an algorithm

I Read the questions and find answers in the text that
follows.

1. In what way can ordinary multiplication — a fundamental
operation between numbers — be dramatically enhanced?

2. In what celebrated calculations has FFT multiplication been
used

3. In which discoveries has FFT also been used?

ALGORITHMIC ADVANCEMENTS

Many modern results on large numbers have depended on algorithms
from seemingly unrelated fields. One example that could fairly be
called the workhorse of all engineering algorithms is the Fast Fourier
Transform (FFT). The FFT is most often thought of as a means for
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ascertaining some spectrum, as is done in analyzing birdsongs or human
voices or in properly tuning an acoustic auditorium. [/t turns out that
ordinary multiplication — a fundamental operation between numbers
— can be dramatically enhanced via FFT. Arnold Schoenage of the
University of Bonn and others refined this astute observation into a
rigorous theory during the 1970s.

FFT multiplication has been used in celebrated calculations of 7
to a great many digits. Granted 7 is not a bona fide large number,
but to compute 7 to millions of digits involves the same kind of
arithmetic used in large-number studies. In 1985 R. William Gosper,
Jr., of Symbolics, Inc., in Palo Alto, Calif., computed 17 million digits
of 7. A year later David Bailey of the National Aeronautics and Space
Administration Ames Research Center computed 7 to more than
29 million digits. More recently, Bailey and Gregory Chudnovsky of
Columbia University reached one billion digits. And Yasumasa Kanada
of the University of Tokyo has reported five billion digits. In case
anyone wants to check this at home, the one-billionth decimal place
of m, Kanada says, is nine.

FFT has also been used to find large prime numbers. Over the past
decade or so, David Slowinski of Cray Research has made a veritable
art of discovering record primes. Slowinski and his coworker Paul Gage
uncovered the prime 25257787 _ 1 in mid-1996. A few months later,
in November, programmers Joel Armengaud of Paris and George F.
Woltman of Orlando, Fla., working as part of a network project run
by Woltman, found an even larger prime: 21:398:269 _ 1_This number,
which has over 400,000 decimal digits, is the largest known prime
number as of this writing. It is, like most other record holders, a so-
called Mersenne prime. These numbers take the form 27 —1, where ¢ is
an integer, and are named after the 17th century French mathematician
Marin Mersenne.

For this latest discovery, Woltman optimized an algorithm called
an irrational-base discrete weighted transform, the theory of which I
developed in 1991 with Barry Fagin of Dartmouth College and Joshua
Doenias of NeXT Software in Redwood City, Calif. This method was
actually a by-product of cryptography research at NeXT.

Blaine Garst, Doug Mitchell, Avadis Tevanian, Jr., and |
implemented at NeXT what is one of the strongest — if not the
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strongest — encryption schemes available today, based on Mersenne
primes. This patented scheme, termed Fast Elliptic Encryption (FEE),
uses the algebra of elliptic curves, and it is very fast. Using, for
example, the newfound Armengaud-Woltman prime 21:398:269 _ 1 a5
a basis, the FEE system could readily encrypt this issue of Scientific
American into seeming gibberish. Under current number-theoretical
beliefs about the difficulty of cracking FEE codes, it would require,
without knowing the secret key, all the computing power on earth more
than 10'0:990 years to decrypt the gibberish back into a meaningful
magazine.

Just as with factoring problems, proving that a large number is
prime is much more complicated if the number is arbitrary — that is, if
it is not of some special form, as are the Mersenne primes. For primes of
certain special forms, “large” falls somewhere in the range of 21,000,000,
But currently it takes considerable computational effort to prove that
a “random" prime having only a few thousand digits is indeed prime.
For example, in 1992 it took several weeks for Francois Morian of
the University of Claude Bernard, using techniques developed jointly
with A.O.L. Atkin of the University of lllinois, and others, to prove
by computer that a particular 1,505-digit number, termed a partition
number, is prime.

USING FAST FOURIER TRANSFORMS FOR SPEEDY
MULTIPLICATION

Ordinary multiplication is a long-winded process by any account,
even for relatively small numbers: To multiply two numbers, x and vy,
each having D digits, the usual, “grammar school” method involves
multiplying each successive digit of x by every digit of y and then
adding columnwise, for a total of roughly D? operations. During the
1970s, mathematicians developed means for hastening multiplication
of two D-digit numbers by way of the Fast Fourier Transform (FFT).
The FFT reduces the number of operations down to the order of
Dlog D. (For example, for two 1,000-digit numbers, the grammar
school method may take more than 1,000,000 operations, whereas an
FFT might take only 50,000 operations.)

A full discussion of the FFT algorithm for multiplication is beyond
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the scope of this article. In brief, the digits of two numbers, z
and y (actually, the digits in some number base most convenient
for the computing machinery) are thought of as signals. The FFT
is applied to each signal in order to decompose the signal into
its spectral components. This is done in the same way that a
biologist might decompose a whale song or some other meaningful
signal into frequency bands. These spectra are quickly multiplied
together, frequency by frequency. Then an inverse FFT and some final
manipulations are performed to yield the digits of the product of x
and y.

There are various, powerful modern enhancements to this basic
FFT multiplication. One such enhancement is to treat the digit
signals as bipolar, meaning both positive and negative digits are
allowed. Another is to “weight” the signals by first multiplying each
one by some other special signal. These enhancements have enabled
mathematicians to discover new prime numbers and prove that certain
numbers are prime or composite (not prime).

II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

III Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

astute — (adj.) good at judging situations and people quickly and
able to use this knowledge for personal benefit; astutely — (adv.);
astuteness — (noun)

to ascertain — (verb) to find out smth

bona fide — (Latin) a bona fide person or thing is really what they
seem to be or what they claim to be

to enhance — (verb) to improve smth or make it more attractive
or more valuable; enhancement — (noun) the process of improving
smth

enigma — (noun) smb or smth that is mysterious and difficult to
understand; enigmatic — (adj.); enigmatically — (adv)

gibberish — (noun) nonsense

longwinded — (adj.) using more words and taking more time than
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necessary to say smth, e.g.: a longwinded computation

veritable — (adj.) real (used for emphasizing what you are saying)
to weight — (verb) to make smth heavier by putting a weight on
it, especially in order to stop it from moving; weighted — (adj.)
designed to produce a particular effect or result by giving more
importance to one thing than another

IV Comprehension Exercises

Answer the following questions.

1.
2.

=

10.

11.

What have many modern results depended on?

What algorithm could fairly be called the workhorse of all
engineering algorithms?

How can ordinary multiplication be enhanced via FFT?
What happened during the 1970s?

. What kind of arithmetic was involved in celebrated calculations

of 7 to a great many digits?

What discovery has taken place over the past decade or so?
What is the record holder called? After whom are these
numbers named? What form do they take?

What algorithm did Woltman optimize for this latest
discovery?

What is one of the strongest encryption schemes available
today based on? What is it termed?

Having in view the difficulty of cracking FEE, how long
would it take to decrypt the gibberish back into a meaningful
magazine and how much computer power would it require
without knowing the secret key?

In which case is it more complicated to prove that a large
number is prime?

V Grammar

1.

2.
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Give the three forms of the verbs: to make, to have, to say,
to do, to fall, to run, can, may, to break.

Give the plural forms of the following nouns: torus, spectrum,
belief, proof, helix, focus.
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3. The

Subjunctive Mood. Conditionals. Type III. Unreal

Condition.

Many discoveries jotted down in Gauss’s diary suffice to
establish his priority in fields — elliptic functions, for
instance, were buried for years or decades in the diary
that (to make) half a dozen great reputations if they (to
publish) promptly.

Again, a later entry shows that Gauss had recognized the
double periodicity in the general case. This discovery of
itself if he (to publish) it, (to make) him famous. But he
never published it.

The year 1811 (may) (to be) a landmark in mathematics
comparable to 1801 — the year in which the Disquisitions
appeared if Gauss (to make) public a discovery he
confined to Bessel.

For many years Gauss, aided by his friend Weber, sought
a satisfactory theory for all electromagnetic phenomena.
Failing to find one that he considered satisfactory, he
abandoned his attempt. If he (to find) Clerk Maxwell’s
equation of the electromagnetic field, he (may) (to be
satisfied).

Perhaps if Poincaré (to be) less a brilliant mathematician
and more a dumb physicist he (to see) that the whole
edifice stands or falls on this “convenience.”

4. Open the brackets, put the verbs in the required form and
give your explanations. Account for the use of the Present
Perfect or the Past Simple forms.

a.

b.

d.

Many modern results on large numbers (to depend) on
algorithms from seemingly unrelated fields.

Arnold Schoenage of the University of Bonn and others
( to refine) this astute observation into a rigorous theory
during the 1970s.

FFT multiplication (to use) in celebrated calculations of
m to a great many digits.

In 1985 R. William Gosper, Jr., of Symbolics, Inc., in
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Palo Alto, Calif., (to compute) 17 million digits of .

. A year later David Bailey of the National Aeronautics

and Space Administration Ames Research Center (to
compute) 7 to more than 29 million digits.

. More recently, Bailey and Gregory Chudnovsky of

Columbia University (to reach) one billion digits.
And Yasumasa Kanada of the University of Tokyo (to
report) five billion digits.

. FFT also (to use) to find large prime numbers.
. Over the past decade or so, David Slowinski of Cray

Research (to make) a veritable art of discovering record
primes.

j. Slowinski and his coworker Paul Gage (to uncover) the

prime 25257787 _ 1 in mid-1996.

V1 Exercises

a. Give synonyms to the following words.

to term  to treat shrewd to ascertain
to yield current celebrated to enhance
to crack  to recur to run by way of

proper to uncover to require random
b. Give antonyms to the following words.

To compose, to reduce, multiplication, positive, powerful, fruitful,

to cover

VII Key Terms

FEFE — Fast Elliptic Encryption
FFT — Fast Fourier Transform
The Mersenne primes — these numbers take the form 27— 1, where
q is an integer, and are named after the XVIIth century French
mathematician Marin Mersenne. Marin Mersenne measured the
speed of a sound in the air and proposed a scheme of a mirror

telescope.
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VIII Conversational Practice

Agree or disagree with the statements. Justify your choice. Add
some sentences to develop your idea. Use the introductory phrases.

10.

11.

12.

I fully agree to it. But the point is. ..

That’s right. Far from that.

Certainly /exactly. On the contrary.

I have a similar view. What is lacking in the statement is
that. ..

. Many modern results on large numbers turned out to have

depended on logarithms from seemingly unrelated fields.
Ordinary multiplication can not be enhanced via FFT.

To compute 7 to millions of digits does not involve the same
kind of arithmetic used in large-number studies.

. FFT has also been used to find large prime numbers.
. The largest known prime number has over 400,000 decimal

digits, and it is as most other record holders, a so-called
Mersenne prime.

The patented encryption scheme, termed FEE, uses the
algebra of elliptic curves and it is very fast.

Proving that a large number is prime is not more complicated
if the number is arbitrary, that is if it is not of some specific
form as are the Mersenne primes.

Currently, it does not take considerable computational effort
to prove that “random” prime having only a few thousand
digits is indeed prime.

For primes of certain special forms “large” falls somewhere in
the range of 21, 000.

It took considerable computational effort to prove by
computer that a particular 1,505-digit number, termed a
partition number, is prime.

In the 1970s mathematicians failed to develop means for
hastening multiplication of two D-digit numbers by way of
FFT.

The digits of two numbers, x and y aren’t thought of as
signals.
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13. The FFT is applied to each signal in order to decompose the
signal into its spectral components.

14. There are various modern powerful enhancements which have
enabled mathematicians to discover new prime numbers.

IX Vocabulary Practice

Fill in the gaps using the key words given below.

Somewhat above the googol lie numbers that present a sharp ...
to practitioners of the art of factoring: the art of ... numbers into
their prime factors, where primes are themselves ... only by 1 and
themselves. For example, 1,799,257 factors into 7,001x257, but ...

. a sufficiently large number into its prime factors can be so ...

that computer scientists ... ... this difficulty ... ... data. Indeed,
one ... encryption algorithm, called RSA, ... the problem of cracking
. messages into that of ... certain large numbers, called ... keys.

(RSA is named after its ..., Ronald L. Rivest, Adi Shamir and Leonard
M. Adleman.)
To demonstrate the strength of RSA, Rivest, Shamir and Adleman
. readers of Martin Gardner’'s column in the August 1977 issue of
Scientific American ... ... a 129-digit number, dubbed RSA-129, and
find a hidden message. It was not until 1994 that Arjen K. Lenstra,
Paul Leyland, Derek Atkins and Michael Graff, working with hundreds
of colleagues on the Internet, .... Current recommendations suggest
that RSA encryption keys have at least 230 ... to be secure.

Key words: challenged, encrypted, prevailing, succeeded, factoring,
have harnessed, public, divisible, to decompose, breaking, challenge,
problematic, to encrypt, transforms, inventors, to factor, digits

X Writing

Outline the main ideas and write an abstract (a brief and concise
summary) of the text.
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XI Render the following texts.

A. Te, KTO 3aHUMAIOTCS PA3NOXKEHNEM HUCEN HA MHOXUTENM, OObIY-
HO 0bpaLLatoTCA K TPEM MOLHbIM anroputMam. [lepBblii u3 Hux, me-
TOA KBAZpaTW4YHOrO pelleTa, BnepBble npumMeHeHHbll B 1980x rogax
Kapnowm lNomeparncom n3 yHusepcuterta wrarta [Jxopgxuum, octaercs
3(pPEeKTUBHBIM, YHUBEPCASIbHBIM METOAOM [/ PA3/IOKEHUS HA MHO-
xutenm ducen bonbwmx, yem ryron. (Paktuyeckn 3TOT MeTOA, pas-
noxun PCA-129.) Ytobbl pa3noxnTb HEKOE HMCIO HA MHOXWTENW,
METO[ KBAAPATMYHOrO peleTa Aes1a€T NONbITKY Pa3/IOKNTb HA MHO-
xKunutenn 60J'IbLLlO€ KOJINYECTBO MEHbLLUNX, CBA3aHHbIX C NCXOAHbLIM HYUC-
JIOM 4YMCeN, NOMyYaeMbIX B pe3ysibTaTe CJOXKHOMO NPoLEecca Npocemnsa-
HUSA. DTU Pa3NOXKEHMNST MEHbLLNX HYNCEN HA MHOXUTENN UCMOMb3YOTCS,
4TODbI B pesynbTaTe MONYHUTb MHOXKUTENb UCKOMOrO YKCna.

Bonee HOBbI anropuTMm, peLIeTo 4MCIOBOro MOJisi, CMOr Pa3so-
XuUTb uncno B 155 3Hakos, Fy. HassanHoe B yecTb Benmkoro dpaH-
uy3ckoro Teopetuka [bepa ge Pepma, n-oe uncno Pepma ects F,, =
22" 4 1. B 1990 rogy pasnoxetue Fy 6bin0 nonydeHo A. JleHctpa,
X. Jlenctpa us yHusepcutera wrata Kanudgoprun 8 bepknn, M. Ma-
Hacce n3 Kopnopauuu undposoro obopygosaHust n GputaHckum ma-
tematukom k. [Monnapgom, npn 3Tom ObIAM CHOBa MCNOABL30BaHbI
ceTeBble Pecypcbl. JTO BMEYAT/ASAIOWEE PA3NOXKEHNE HA MHOXUATENN
66110 ycnewHo 6narogaps ocoboii popme Fy. Ho ¢ tex nop Ox. Byx-
nep, X. Jlenctpa n K. lNomepaHc paspaboTanu Bapnauunio pelieTa 4nc-
JIOBOTO NOAS ANl Pa3fIOXKEHNSI HA MHOXUTENN MPON3BOJbHBIX YMCEN.
Ha paHHbI MOMEHT 3TOT MeTOA MOXET De3 Tpyfa pas3fioKNTL HA MHO-
XKUTenm nponssosbHble 4ncna go 130 3xakos. B perpocnektuse PCA-
129 mornn Obl ObITb pa3noXeHbl TakuM ODpPa3OM Ha MHOXUTENN 33
MeHblLLIee BpeMsi, YeM Dbl pa3noxeHbl METOAOM KBaApaTUYHOrO pe-
wera.

Tpetuii obWENPUHATLITE aNrOPUTM PA3/IOKEHNS HA MHOXUTENM,
MeTOJ, MIMNTNYECKUX KPpUBbIX, pa3paboTtanubiii X. JleHcTpa, MoxeT
Pa3/ioXUTb Ha MHOXMWTENN HAMHOro bOsbluMe YMCna npu ycraoBuU,
4YTO, MO KpaliHel Mepe, OAVH M3 MPOCTbIX MHOXUTENEA Yyncna focra-
To4Ho man. Hanpumep, P. BpeHT 13 ABCTpanuniickoro HauMOHaIbHOTroO
YHUBEPCNTETA HEAABHO PA3/IOXKMU HA MHOXNTENN Fl(), ncnonb3ya me-
TOA SNNUNTUHECKUX KPUBLIX, nepen 3TMM nonydme O4uNH €ero I'IpOCTOﬁ

213



Anzaudickud A3o% 0AA METAHUKO0S U mamemamukos (wacmo I1)

MHOXWTESb, AANHOW «BCcero anwbyB 40 3Hakos. Mcnonb3ya metog,
3MNNTUYECKNX KPUBbLIX, TPYAHO HANTU MHOXUTENN, NMeoLne 60b-
LIee KOAMYecTBO 3HaKoB, Yem 40. [1nsi nponsBosIbHbIX Y1CeN B Anano-
30He ot 100 go 101000-000 eron snaunTUYecknx KPUBLIX ABASETCS
MEeToa0M Bbl60pa, XOTSA HeNMb3Aa OXKNAaTb, 4TO 'D,aHHbIIZ MEeTO  CMOXeET
HaWiTN BCE MHOXWUTENN TAaKUX OrFPOMHBIX Hncen.

b. Bonbwne yncna asHo nputaratenbHol. B kakom-To cmbicne
OHWN JIEXAT Ha TpaHULE YESIOBEYECKOrO BOODPAXKEHWSI, MOITOMY OHU
[laBHO cuuTaloTcs bonee CnoxHbiMu Ans maHunynsumii. B nocneg-
HUEe AeCATUNETUS, OLHAKO, TEXHNYECKNEe BO3SMOXHOCTM Pe3KO BO3POC-
nun. CoBpeMeHHble MaLuMHbl Tenepb 0bnaAatoT OCTAaTOYHOM NAMSTbLIO
N CKOPOCTbIO, YTODbI paboTaTh C BECbMA BHYLUIMTENbHBIMU YUCAAMUA.
Hanpumep, MOXHO NepeMHOXNTbL 4YnCia, COCTOSILLNE U3 MUJIOHOB
undp BCEro Nnwb 3a A0 CeKyHabl. B pesynbtate atoro mbl Tenepb
MO>XEM BbIACHUTb NPpUpPOAY TEX HNCEN, O KOTOPbIX MAaTEMATUKN PaHb-
e MOranm TOJIbKO MEYTaTb.

NHTepec kK BonblMM 4ncnam BOCXOAUT K ApeBHUM BpemeHam. Mol
3HaeMm, Hafnpumep, 4TO APEBHME NMHAYCbI, pa3paboTaBLune AECATUYHYIO
cMCTeMy, pa3MbILWISAAN O HUX. B HbiHewHel obwenpuHsaTon gecaTny-
HOI cucreme no3muyus uudpbl B Yncne obosHavaeT ee nopspok (scale).
VlCI'IOJ'Ib3y$1 3TOT 3KOHOMHbINA CHOCO6 3annucum, NHAYCbl MOTJ1IN HA3blBATb
MHOrmne bonblne YnMcna; OfHO U3 HUX, Hanpumep, cocTosuee n3 153
3HAaKOB — WU KaK Obl Mbl CKa3aan Tenepb, 4UCAo nopsigka 101°3 —
ynomuHaetcs B mude o byage.

y pUMNAH N3HA4YaJIbHO He 6bIJ'IO TEPMWHOB MAN CMMBONOB Ans
uudp, npessiwatowmx 100.000. AHanornyHo, rpeku obbIYHO cuMTanm
TONIbKO fo «Mupuagsly, 10.000. B camom gene, nonynsipHasi 8 [Jpes-
Hell [peunn nges cocrosina B TOM, YTO HET DOMLLUErO YMCNA, HEM
KOJINYECTBO NECYNHOK, HEODXOAMMbIX, YTODbI 3aMOJIHNTL BCENEHHYIO.

Vuenbie XVIII n XIX BekoB Bce euie paccmaTtpusanu bonbumne 4uc-
na, nMerLwmne NPpakKTUHeCKyro Hay4HYHO LEHHOCTb. PaCCMOTpI/IM 4ncno
ABoragpo, Ha3BaHHOE B 4eCTb UTasbsaHCKOro xumuka XIX seka Ame-
neo Asoragpo. OHo npumepHo pasHo 6,02 x 1022 u npepcrasnser
coboli 4Mcno aToOMOB, cogepXKawmxcs B 12 rpamMmax 4mctoro yrie-
poda. OgnH 13 cnocobos npeacTaBuTb cebe 4ncno ABoragpo, Takxe
NMEHYEMOro Monem, COCToOMT B CnefyrwieM: ecan 6b| BCEro anuwb
OAMH rPaMM 4MCTOrO yriepofa PacTsiHyTh 4O pa3mepa naaHeTsl 3em-
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NS, OTAENbHLINE aTOM Yr/iepoAa BbirsaAen Obl Kak Wwap Afis urpbl B
GoynuHr.

Lpyroii nHTepecHsili cnocob npeacraBuTb MOJb — 3TO PacCMOT-
PETb CYMMapHOE 4NCIIO KOMMbIOTEPHBIX ONepauuii, TO eCTb, apugme-
TUYEeCKMX onepaunii, NponcxoasaLmx B KOMMbIOTEPHOR CETN — KOrfa-
MO0 COBEPLUEHHBIX BCEMU KOMMbIOTEpaMu 3a BClO uctoputo. [daxke
CNabblii KOMMBIOTEP MOXKET BbIMOJHATH MWINOHbLI ONepauuini B ce-
KYHZY, @ MOLLHbIi KOMNbIOTEP C HECKONbKMMUN MOAKIJIIOHEHHBIMU K
HEMY MEHLLUIMMU KOMMbIOTEPAMU MOXKET BbINOAHATH HAMHOIO 6OMNb-
we. Wtak, obuiee 4ncno onepauunii Ha HaCTOSALWMIA MOMEHT, XOTS1 €ro
N HEBO3MOXHO TOYHO OLIEHUTb, JO/IKHO NPUMEPHO PABHATHLCS HUCHY
Agoragpo.

CerogHs y4eHble onepupyroT YNCAaMM, HAMHOMO MPEBbI AWMU
MOJsb. H1Cno NpOTOHOB B MO3HAHHOW BCENEHHON, HanpuMep, nNpeano-
naraetcsi pasHbiM okono 1089, Ho yenoseueckoe BoobparkeHune MoxeT
nointn ganbwe. CTano nereHpol, Kak AEBATUAETHUN NAEMAHHUK Ma-
TemaTuka daBapaa Kachepa B 1938 roay AeiicTBUTENLHO BBES YMCIIO
ryron (googol), rae 3a eannnueii cneposano 100 vyneid nan 10190,
Y710 KacaeTcss HEKOTOPbIX KJAaCCOB BbIYMCANTENIbHbLIX NPobAeM, ryron
NpMBAN3NTENILHO OYEPUNBAET BENNYMHBI HNCEN, KOTOpPbIe bpocatoT ce-
pPbe3HbIN BbI3OB COBPEMeHHbIM komnbioTepam. Ho u B 3tom cayyae
KOMMbIOTEPbI MOTYT OTBETUTH HAa HEKOTOPbIE BOMPOCHI O TaKUX BeJn-
YMHaX, KaK MOLLHbIA FyroJinjiekc, To eCTb eAMHMLA, 32 KOTOPOIA crefy-
€T ryrosn Hynei nnu 100", La>ke ecnn Obl Bbl NCNONBL30BaNN NPOTOH
[NS1 KQXKAOrO HYASA, Bbl HE MOrAM Dbl BAMCATh Myrofiniekc B NO3HaHHYIO
BCEJIEHHYIO.

Scientific American, February 1997, pp. 74-76

XII Text II

Read the article, outline the main ideas and summarize the text.

CRACKING A CENTURY-OLD ENIGMA?!

Mathematicians unearth fractal counting patterns to explain a cryptic claim

21Scientific American, April 2011, p. 15
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by Davide Castelvecchi

For someone who died at the age of 32, the largely self-taught
Indian mathematician Srinivasa Ramanujan left behind an impressive
legacy. Number theorists have now finally managed to make sense of
one of his more enigmatic statements, written just one year before his
death in 1920.

The statement concerned the deceptively simple concept of
partitions. Partitions are subdivisions of a whole number into smaller
ones. For example, for the number 5 there are seven options:

5
1+1+14+1+1
1+141+2
1+1+3;1+2+2
1+4;243

Mathematicians express this by saying p(5) = 7. For the number
6 there are 11 possibilities: p(6) = 11. As the number n increases,
the partition number p(n) soon starts to grow very fast: for example,
p(100) = 190, 569, 292, and p(1,000) is a 32-figure number.

For centuries mathematicians have struggled to make sense of
partitions, in part by hunting for patterns that link them together.
Ramanujan noticed that if you started with the number 9 and kept
adding 5's to that number, the partitions would all be divisible by
5. For example: p(9) = 30, p(9 + 5) = 135, p(9 + 10) = 490, and
p(9 4 15) = 1,575. He posited that this pattern should go on forever
and that similar patterns exist when 5 is replaced by 7 or 11, the
next two prime numbers (primes are numbers that are divisible only
by themselves or by 1), and also by powers of 5, 7 or 11. Thus, for
instance, there should be an infinity of n's at intervals of 53 such
that all the corresponding p(n)'s should be divisible by 125. Then,
in a nearly oracular tone, Ramanujan wrote that there should be no
corresponding “simple properties” involving larger primes — in other
words, there is no sequence of p(n)'s that are all divisible by 13, 17 or
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19 and so on. In the years since, researchers have looked fruitlessly for
patterns linking these higher primes.

In January, Ken Ono of Emory University and his collaborators
finally found a solution: they described for the first time formulas
linking n's that come at intervals of the powers of 13 (13, 132, 133

..) and of the higher primes. The formulas are not “simple”, in the
sense that they do not say that the p(n)'s are divisible by powers of 13;
instead they reveal relations among the remainders of such divisions.
For each prime, as the exponent grows, the formulas recur in ways that
are reminiscent of fractals — structures in which patterns or shapes
repeat identically at multiple different scales.

In a separate result also announced in January, Ono and another
collaborator described the first formula that directly calculates p(n)
for any n, a feat that had eluded number theorists for centuries.

Will the new discoveries have any practical use? Hard to predict,
says George E. Andrews of Pennsylvania State University. “Deep
understanding of underlying pure mathematics may take a while to
filter into applications.”

XIII Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

a claim — (noun) a statement without proof

cryptic — (adj.) expressing smth in a mysterious or indirect way so
that it is difficult to understand

deceptive — (adj.) smth that is deceptive seems very different from
the way it really is; deception — (noun)

a feat — (noun) smth impressive that smb does

legacy — (noun) smth that smb has achieved that continues to exist
after they stop working or die

to posit — (verb) to say that smth is true or that smth should be
accepted as true

reminiscent (of fractals) — (adj.) similar to smth else

to unearth — (verb) to discover smth that was not known before or
that people had kept secret especially by searching very thoroughly
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XIV Render the following text

Marepuaj n3 Bukumeann — cBOOOIHON SHIMKIIONE AN

LLpuHueaca Pamanygxan Aiiedrop (1887 - 1920) — uHpmiickuii
matemaTuk. He nmes cneymansHoro matematunyeckoro obpasosaHusi,
MoNly4nn 3aMedaTeNbHble pe3ynbTaTthl B 0bnactu Teopun yucen. Haun-
bonee 3HaumTeNbHA ero pabota coemecTHo ¢ . Xapan no acumntoTuke
qmncna pasbuennii p(n).

Cdbepa ero mateMaTUH4eCKNX MHTEPECOB Dblfla O4EHb LIMPOKA. JTO
Marmyeckue KBagpaTtbl, KBagpaTypa Kpyra, DecKoHeuHble psigbl, rnag-
Kue yncna, pasbueHue ymcen, runepreomerpuyeckme pyHkuMm, cne-
UMasbHble CyMMbl U (DYHKLUW, HBIHE HOCSILLME €r0 NMSI, ONPeSesieHHble
VHTErpasbl, 3/IMNTUYECKNE I MOBYNSIPHbIE (PYHKLMN.

OH Hawen HeCKONbKO 4YaCTHBIX PpeleHull ypaBHeHusi Diinepa,
cpopmynuposan okono 120 Teopem (B OCHOBHOM B BUAE MCKIOHM-
TEeNbHO C/IOXKHBIX TOXAECTB). COBpeMeHHble MAaTEMaTMKK CHUTAIOT,
yto PamaHygxxaH bbln M OCTaeTcsi KpynHERAWNM 3HATOKOM LieMHbIX
apobeii B8 mupe. OgHuM M3 camMbix 3aMeqaTeNbHbIX PE3y/bTAaTOB
PamanygxxaHa B 3101 obnactu sinsietcs hopmyna, B COOTBETCTBUAN C
KOTOPOI CyMMa NpOCTOro YMCAOBOro psija C LenHoi Apobbio B TOY-
HOCTU paBHA BbIPAXKEHUIO, B KOTOPOM MPUCYTCTBYET MpOU3BELEHNE €
Ha .

. Xapau OCTPOYMHO NPOKOMMEHTMPOBAN PE3ynbTaThl, COODLLEH-
Hble eMy PamaHnygxanom: « OHU JO/MKHBI ObITb NCTUHHBIMU, MOCKOSb-
Ky, ecny Obl OHM He Dbl UCTUHHBIMK, TO HN Y KOO HE XBaTWO Obl
BOODpaXkeHust, 4Tobbl n30bpectn ux». Ero dopmynbl nHorga BCnbi-
BAlOT B COBPEMEHHEMLIMX pa3fenax Haykm, O KOTOPbIX B €ro Bpems
HUKTO [aXe He A0rafbiBascs.

Cam PamaHygxaH rosopun, 4to pOpMysbl €My BO CHE BHyLUAeT
6oruns Hamarunpu.

Y10bbI COXpaHWUTL Hacneaue 3TOro YANBUTENBHOIO, HA HA KOTO He
MOXOXero MaTeMaTuka, bbi1a nsgaHa KHura ¢ hoTOKONMSIMU €ro Yep-
HOBUKOB.

«Hayka Huyero He Bbirpana ot Ttoro, 4yto KymbakoHamcKmii Kon-
Nefk OTBEpr €AUHCTBEHHOrO BOMBLIOrO YY4EHOro, KOTOPOro OH UME,
n notepst 6bina Hemsmepumoii. Cyasba Pamanygxana — xygumnii ns-
BECTHbIA MHE NpUMEp BPefa, KOTOPbIi MOXET ObITh NPUYMHEH MaNo-
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apdpekTUBHOIN 1 Hermbkoin cuctemoin obpasosanus. TpeboBanoch Tak
mano, Bcero 60 (pyHTOB CTEpAWHIOB B rof Ha NpOTsd>KeHUW 5 nert u
3MN304MYECKOrO ODLLEHNS C IIOGbMI, UMEIOLLUMI HACTOSILLNE 3HAHUSA
N HEMHOro BOODpakeHnsi, a MuUp nony4un Obl euie OfAHOro M3 Benu-
Yallmx CBOMX MaTEMATUKOB. . . »

I Xapan
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Text

DOES INFINITY COME IN DIFFERENT SIZES??

by John Matson

THE AUTHOR

John Matson is a copy editor at Scientific American.

Word Combinations

to be rooted in smth unsurpassable absolute
to be put into a one-to-one a sound assumption
correspondence

for demonstration’s sake crafty math

a wily side the logic of contradiction

to use an elegant argument to  a variety of infinities
show smth

I Read the questions and find answers in the text that
follows.

1. What did G. Cantor demonstrate in the late 19th century?

228cientific American, January 2008
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2. Cantor’s argument used the logic of contradiction. What was
Cantor’s presumption?

3. What mathematical method did Cantor use to show that
any one-to-one correspondence between the reals and the
naturals fails, which means that the infinity of real numbers
is somehow greater than the infinity of natural numbers?

In the 1995 film Toy Story, the gung-ho space action figure
Buzz Lightyear tirelessly incants his catchphrase: “To infinity...and
beyond!" The joke, of course, is rooted in the perfectly reasonable
assumption that infinity is the unsurpassable absolute — that there
is no beyond. That assumption, however, is not entirely sound. As
German mathematician Georg Cantor demonstrated in the late 19th
century, a variety of infinities exist — and they can be classified by
their relative sizes.

NATURAL LOGIC

Take, for instance, the so-called natural numbers: 1, 2, 3, and so on.
These numbers are unbounded, and thus the collection, or set, of all
the natural numbers is infinite in size. But just how infinite is it? Cantor
used an elegant argument to show that the naturals, though infinitely
numerous, are actually less numerous than another common family of
numbers: the real numbers. This set comprises all numbers that can be
represented as a decimal, even if that decimal representation is infinite
in length. Hence, pi (3.14159...) is a real number, as is 27 (which is
both natural and real).

Cantor’s argument used the logic of contradiction: he first
assumed that these sets are the same size; next he followed a series of
logical steps to find a flaw that would undermine that assumption. He
reasoned that if the naturals and the reals have equally many members,
then the two sets can be put into a one-to-one correspondence. That
is, they can be paired so that every element in each set has one —
and only one — “partner” in the other set.

Think of it this way: even in the absence of numerical counting,
one-to-one correspondences can be used to measure relative amounts.
Imagine two crates of unknown sizes, one of apples and one of oranges.
Withdrawing one apple and one orange at a time thus partners the
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two sets into apple-orange pairs. If the contents of the two crates
are emptied simultaneously, the two boxes contain an equal number of
fruits; if one crate is exhausted before the other, the one with remaining
food is more plentiful.

CRAFTY MATH

Cantor thus began by presuming that the naturals and the reals are in
such a correspondence. Accordingly, every natural number n has a real
partner r,,. The reals can then be listed in order of their corresponding
naturals: 71, r2, r3, and so on.

Then Cantor’s wily side comes out. He created a real number, called
p, by the following rule: make the digit n places after the decimal point
in p something other than the digit in that same decimal place in r,,.
A simple method would be: choose 3 when the digit in question is 4;
otherwise, choose 4.

For demonstration’s sake, say the real-number partner for the
natural number 1 is 27 (or 27.00000...), the pair for 2 is pi
(3.14159...) and that of 3 is President George W. Bush’'s share
of the popular vote in 2000 (0.47868...). Now create p following
Cantor’s construction: the digit in the first decimal place of p should
not be equal to that in the first decimal place of r; (27), which is 0.
Therefore, choose 4, and p begins 0.4.... (The number before the
decimal can be anything; 0 is used here for simplicity.) Then choose
the digit in the second decimal place of p so that it does not equal
that in the second decimal place of o (pi), which is 4. Select 3, and
now p = 0.43. ... Finally, choose the digit in the third decimal place
of p so that it does not equal the one in the corresponding decimal
place of r3 (President Bush's percentage), which is 8. Write 4 again,
making p = 0.434.... Thus, you have:

rl = 27.00000... — p=10.4...
r2 =3.14159... — p=10.43...
73 = 0.47868... — p =0.434...
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This mathematical method (called diagonalization), continued
infinitely down the list, generates a real number (p) that, by the rules
of its construction, differs from every real number on the list in at
least one decimal place. Ergo, it cannot be on the list.

In other words, for any pairing of naturals and reals, there exists a
real number p without a natural-number partner — an apple without an
orange. Therefore, any one-to-one correspondence between the reals
and the naturals fails, which means that the infinity of real numbers
is somehow greater than the infinity of natural numbers.

II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

III Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

to exhaust — (verb) to use all you have of smth; ezhausted — (adj.)
empty or finished because a supply of smth has all been used;
exhaustion — (noun) the use of all you have of smth

share — (noun) a part of a total number or amount of smth that is
divided between several people or things; to share — (verb) to use
or have smth at the same time as smb else

to undermine — (verb) 1. to make smth or smb become gradually
less effective, confident or successful; 2. to dig under smth especially
so that it becomes weaker

IV Comprehension Exercises

Answer the following questions.

1. What perfectly reasonable assumption underlay the joke in
the 1995 film Toy Story?

2. What elegant argument did G. Cantor use to show that
the naturals, though infinitely numerous, are actually less
numerous than another common family of numbers — real
numbers?

3. What logic did Cantor’s argument use?

4. What did Cantor assume first?
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5. How did he reason then?

6. How can a one-to-one correspondence be used to measure
relative amounts?

7. What was Cantor’s presumption concerning the naturals and
the reals?

8. What clever trick did Cantor use in his reasoning trying to
substantiate his conception?

V Grammar

1. Give the three forms of the verbs: to put, to have, to make, to
choose, to begin, to withdraw, to mean, to set.
2. Gerund, Participle or Verbal Noun

Open the brackets and put the verbs in the required
form. Comment on the use of the corresponding grammar
constructions.

a. The horizon indicator or gyro vertical indicates the
horizon without the pilot’s (to have to) look at the
ground.

b. In this article the current (to understand) of the
phenomenon will be discussed.

c. In (to use) the first principle, it should be noticed that
the (to impress) forces are (to apply) at the center of
gravity.

d. Few would admit that the technical definition of an
infinite set expresses their intuitive (to understand) of
the concept.

e. A circle is a closed curve (to lie) in a plane and so (to
construct) that all its points are equally distant from a
(to fix) point in the plane.

f. He made a calculation (to base) on the weakenings (to
be) proportional to the square of the distance.

g. In fact, Cantor borrowed the paradox (to cite) by Galileo
and turned it into a means of (to compare) the size of
infinite sets. He defined two sets as equivalent if a one-
to-one correspondence can (to be established) between
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the members of each set.

h. Why does a stone hit the ground sooner than a feather
in spite of their (to drop) at the same time and from the
same height?

i. These forces do not prevent molecular motion within the
liquid itself, but prevent (to escape) of molecules from
the surface of the liquid.

j. (To warm) to 0° ice begins to melt.

3. Fill in the necessary prepositions and adverbs.

a. This mathematical method (called diagonalization),

continued infinitely ... the list, generates a real number
(p) that, ... the rules ... its construction, differs ...
every real number ... the list ... ... least one decimal
place.

b. Ergo, it cannot be ... the list.

c. ... other words, ... any pairing ... naturals and reals,
there exists a real number p ... a natural-number
partner — an apple ... an orange.

d. Therefore, any one-to-one correspondence ... the reals

and the naturals fails, which means that the infinity ...
real numbers is somehow greater than the infinity ...
natural numbers.

VI Phrasal Verbs

To come out — to become easy to notice

VII. Exercises

a. Give synonyms to the following words.

tireless, reasonable, an argument, to withdraw, abundant, sound,
to comprise, identical, to exhaust, numerous, ergo, to demonstrate,
a series of, to undermine.

b.Give antonyms to the following words.

Reasonable, escapable, plentiful, equal, to converge, real
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c. Match a phrasal verb in the left column with its equivalent in
the right one.
1. to refer to smb/smth
2. to figure out

a. to start to be seen

b. to remove a tight or wet piece of
clothing

c. to do a particular piece of work
d. to be able to understand and solve
the problem

e. to mention smb or smth when you
are speaking or writing

f. to start, plan, organize smth such
as a business, institution

3. to set up
4. to come out

ot

. to peel off

6. to carry out

VIII Key Terms

The logic of contradiction — ad absurdum

Diagonalization — Cantor’s theorem — that no set has as many
members as it has subsets — is proved by diagonalization which
creates an extra subset. Each subset of the set of positive integers
is represented as a series of yeses or noes. A “yes” indicates that
the integer belongs to the subset, a “no” that it does not. Replacing
each “yes” with a “no”, and vice versa, down the diagonal creates
another subset.

IX Conversational Practice

Agree or disagree with the statements. Justify your choice. Add

some sentences to develop your idea. Use the introductory phrases.

True enough. I think, I disagree (I'm
afraid).

I can’t help thinking the
same.
That’s just
thinking. ..
I couldn’t agree more.

what I was

That’s the way it should be.
It sounds just right.

Yes, up to a point, but. ..

I don’t entirely agree with
you.

That’s one way of looking at
it, but. ..

I don’t think so.

It’s wrong, I'm afraid.
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1. The joke of the catchphrase “To infinity and beyond” is
rooted in the perfectly reasonable assumption that infinity is
unsurpassable absolute — that there is no beyond.

2. G. Cantor demonstrated in the late 19th century that a
variety of infinities exist.

3. The natural numbers are unbounded and the collection or set
of all the natural numbers is infinite in size.

4. Cantor used an elegant argument to show that the real
numbers are actually less numerous than the natural
numbers.

5. Cantor’s argument used the logic of contradiction.

6. A one-to-one correspondence cannot be used to measure
relative amounts.

7. Cantor began by presuming that the naturals and the reals
are in such a correspondence.

8. Then Cantor’s wily side comes out.

9. The mathematical method (called diagonalization), continued
infinitely down the list, generates a real number (p) that, by
the rule of its construction, differs from every real number on
the list in at least one decimal place.

10. No one-to-one correspondence between the reals and the
naturals fails.

X Vocabulary Practice

Try to recollect how these phrases are used in the text.

“To infinity and beyond...", a variety of infinities exist. .., the set
of all the natural numbers is ..., less numerous than another common
family of numbers. . ., pi (3.14159. . .) is a real number. . ., the logic of
contradiction. . ., he followed a series of logical steps. . ., ... can be put
into a one-to-one correspondence. .., to measure relative amounts. . .,

. are emptied simultaneously. .., Cantor began by presuming ...,
Cantor’s wily side ..., for demonstration’s sake. .., this mathematical
method (called diagonalization) . . ., a real number p without a natural-
number partner. . ., the infinity of real numbers ... .
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XI Writing

Outline the main ideas and write an abstract (a brief and concise
summary) of the text. Express your point of view.
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Text

A BRIEF HISTORY OF INFINITY?

The infinite has always been a slippery concept. Even the commonly
accepted mathematical view, developed by Georg Cantor, may not have
truly placed infinity on a rigorous foundation

by A. W. Moore

THE AUTHOR

A.W. Moore is a tutorial fellow in philosophy at St. Hugh's College of
the University of Oxford. He studied for his Ph.D. in the philosophy
of language at Balliol College at Oxford. His main academic interests
are in logic, metaphysics and the philosophies of I. Kant and L.
Wittgenstein, all of which have informed his work on the infinite. He
is at work on a book about metaphysics of objectivity and subjectivity.

23Scientific American, April 1995, pp. 115-116

231



Anzaudickud A3o% 0AA METAHUKO0S U mamemamukos (wacmo I1)

Word Combinations

to settle an issue

there is smth dubious about it
in any view of smth

but given Cantor’s picture

ad hoc reasoning

to be at variance with smth

to be forced on smb

to advocate using anything other
than

to be averse to doing smth

to absorb the shock

to remain beyond smb’s grasp
to come into being

a temporal metaphor

to have best claim to smth
to lend considerable sub-
stance to smth

to articulate a result

the task at hand

to go with smth

to tame the actual infinite
to escape the trap

I Read the questions and find answers in the text that
follows.

1. What problem did Cantor’s continuum hypothesis tackle?
. What was Cantor’s assertion concerning the set of all sets?
. What did B. Russel’s paradox reveal?

. What do some scholars object to?

[ENEOCRN V)

ARE THERE ANY SETS OF INTERMEDIATE SIZE?
CANTOR’S CONTINUUM HYPOTHESIS

Cantor's own hypothesis, his famous “continuum hypothesis,” was
that there are not. But he never successfully proved this idea, nor
did he disprove it. Subsequent work has shown that the situation is
far graver than he had imagined. Using all the accepted methods of
modern mathematics, the issue cannot be settled. This problem raises
philosophical questions about the determinacy of Cantor's conception.
Asking whether the continuum hypothesis is true may be like asking
whether Hamlet was left-handed. It may be that not enough is known
to form an answer. If so, then we should rethink how well Cantor’s
work tames the actual infinite.

Of even more significance are questions surrounding the set of all
sets. Given Cantor’s theorem, this collection must be smaller than the
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set of sets of sets. But wait! Sets of sets are themselves sets, so it
follows that the set of sets must be smaller than one of its own proper
subsets. That, however, is impossible. The whole can be the same size
as the part, but it cannot be smaller. How did Cantor escape this trap?
With wonderful pertinacity, he denied that there is any such thing as
the set of sets. His reason lay in the following picture of what sets are
like. There are things that are not sets, then there are sets of all these
things, then there are sets of all those things, and so on, without end.
Each set belongs to some further set, but there never comes a set to
which every set belongs.

Cantor's reasoning might seem somewhat ad hoc. But an argument
of the sort is required, as revealed by Bertrand Russell's memorable
paradox, discovered in 1901. This paradox concerns the set of all sets
that do not belong to themselves. Call this set R. The set of mice, for
example, is a member of R; it does not belong to itself because it is a
set, not a mouse. Russell’s paradox turns on whether R can belong to
itself. If it does, by definition it does not belong to R. If it does not, it
satisfies the condition for membership to R and so does belong to it.
In any view of sets, there is something dubious about R. In Cantor’s
view, according to which no set belongs to itself, R, if it existed, would
be the set of all sets. This argument makes Cantor’s picture, and the
rejection of R that goes with it, appear more reasonable.

But is the picture not strikingly Aristotelian? Notice the temporal
metaphor. Sets are depicted as coming into being “after” their members
— in such a way that there are always more to come. Their collective
infinitude, as opposed to the infinitude of any one of them, is potential,
not actual. Moreover, is it not this collective infinitude that has best
claim to the title? People do ordinarily define the infinite as that which
is endless, unlimited, unsurveyable and immeasurable. Few would admit
that the technical definition of an infinite set expresses their intuitive
understanding of the concept. But given Cantor's picture, endlessness,
unlimitedness, unsurveyability and immeasurability more properly apply
to the entire hierarchy than to any of the particular sets within it.

In some ways, then, Cantor showed that the set of positive
integers, for example, is “really” finite and that what is “really” infinite
is something way beyond that. (He himself was not averse to talking
in these terms.) lronically, his work seems to have lent considerable
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substance to the Aristotelian orthodoxy that “real” infinitude can
never be actual.

Some scholars have objected to my suggestion that, in Cantor’s
conception, the set of positive integers is “really” finite. They complain
that this assertion is at variance not only with standard mathematical
terminology but also, contrary to what | seem to be suggesting, with
what most people would say.

Well, certainly most people would say the set of positive integers is
“really” infinite. But, then again, most people are unaware of Cantor’s
results. They would also deny that one infinite set can be bigger than
another. My point is not about what most people would say but rather
about how they understand their terms — and how that understanding
is best able, for any given purpose, to absorb the shock of Cantor’s
results. Nothing here is forced on us. We could say some infinite sets
are bigger than others. We could say the set of positive integers is only
finite. We could hold back from saying either and deny that the set of
positive integers exists.

If the task at hand is to articulate certain standard mathematical
results, | would not advocate using anything other than standard
mathematical terminology. But | would urge mathematicians and
other scientists to use more caution than usual when assessing how
Cantor's results bear on traditional conceptions of infinity. The truly
infinite, it seems, remains well beyond our grasp.

IT Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

III Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

to absorb — (verb) to reduce the harmful effects; absorbtion —
(noun)

averse — (adj.) detesting; to be averse to doing smth — to hate
doing smth; aversion — (noun)

to disprove — (verb) to prove that smth is not correct or true.
Until now no one had been able to disprove the theory

grave — (adj.) so serious that you feel worried; gravity — (noun)
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hierarchy — (noun) a system for organizing people according to
their status in a society, organization or other group

pertinacious — (adj.) determined to continue doing smth;
pertinacity — (noun)
proper — (adj. only before noun) suitable for the purpose or

situation, understood in its most exact meaning; properly — (adv.)
a scholar — (noun) 1. a person who has a deep knowledge of an
academic subject, e.g.: a Greek scholar

to tame — (verb) to train an animal to become calm when people
are near it and make it used to being with them

to urge — (verb) to advise smb very strongly about what action or
attitude they should take; urgent — (adj.); urgency — (noun)

IV Comprehension Exercises

Answer the following questions.

1. What does Cantor’s continuum hypothesis assert concerning
the idea of sets of intermediate size?

2. What are the questions surrounding the set of all sets?
3. What are sets like according to Cantor’s view?

4. What was B. Russel’s memorable paradox concerned
with? What argument made Cantor’s picture appear more
reasonable?

5. What was Aristotle’s conception of the infinite?

6. Given Cantor’s picture does the characteristic of the infinite
as endless, unlimited, unsurveyable and immeasurable more
properly refer to the entire hierarchy or to any of the
particular sets within it?

7. What is “really” finite in Cantor’s conception and what is that
“really” infinite?

8. What do some scholars object to?

9. What does the author of the article urge mathematicians and
other scientists to do?
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V Grammar

1. Give the three forms of the verbs: to lie, to raise, to rise, to

236

rethink, to show, to hold, to come, to lend, to say, to understand,
to bear.

. Either, neither, nor

As a pronoun either is used without a noun. When used as a
pronoun either can be followed by “of + a noun phrase”.
Neither and nor are both used at the beginning of clauses
and short answers to mean “also not”. They are followed by
inverted word-order (the same as in questions). There is no
real difference of meaning between neither and nor in this
construction. Nor is perhaps less common in a formal style.
Instead of neither. . . nor, we can use “not either” (with normal
word-order).

(Michael Swan . Practical English Usage.)

Translate the following examples.

A. We could say some infinite sets are bigger than others. We
could say the set of positive integers is only finite. We could hold
back from saying either. B. Both string theory and loop quantum
gravity harbour unresolved problems. Nor, despite the hopeful
talk to the contrary, is there much prospect of the experiment
being devised.

. Fill in the gaps with either, neither, either. .. or, neither. .. nor

and translate the sentences.
a. It was argued, not entirely unreasonably that the surface

of the earth must ... be indefinite ... have an edge.

b. ... Henri Poincaré ... any other eminent mathematician
came forward in support of Cantor’s theory of transfinite
numbers.

c. A line is said to have length, but ... breadth ...
thickness.

d. Every mathematical problem must be settled ... in the

form of a direct answer to the question posed ... by the
proof of the impossibility of its solution.
e. The ancient Greek mathematicians did not solve
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the three famous construction problems by compass
and straightedge alone and further generations of
mathematicians could not solve them ... .

Cantor did not prove the continuum hypothesis ... did
his successors.

In particular, if the axioms do not contradict one
another, then that fact itself, suitably encoded as a
numerical statement, will be “formally undecidable”
— ... provable ... refutable — on the basis of those
axioms.

So to draw any conclusions about the inability of science
to deal with these questions, we must ... justify the
mathematical model as a faithful representation of
the physical situation ... abandon the mathematics
altogether.

4. Fill in the necessary prepositions and adverbs.

a. ...

some ways, then, Cantor showed that the set ...
positive integers, ... example, is “really” finite and that
what is “really” infinite is something way ... that.

He himself was not averse ... talking in these terms.
Ironically, his work seems to have lent considerable
substance ... the Aristotelian orthodoxy that “real”
infinitude can never be actual.

. Some scholars have objected ... my suggestion that,

... Cantor’s conception, the set ... positive integers is
“really” finite.

. They complain that this assertion is ... variance not

only ... standard mathematical terminology but also,
contrary ... what I seem to be suggesting, ... what
most people would say.

Well, certainly most people would say the set . .. positive
integers is “really” infinite.

But, then again, most people are unaware ... Cantor’s
results.

. They would also deny that one infinite set can be bigger

than another. My point is not ... what most people
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would say but rather ... how they understand their
terms — and how that understanding is best able, ...

any given purpose, to absorb the shock ... Cantor’s
results.
Nothing here is forced ... us.

. We could say some infinite sets are bigger than others.
We could say the set ... positive integers is only finite.
We could hold ... ... saying either and deny that the
set ... positive integers exists.

VI Phrasal Verbs and Idioms

to bear on/upon smth — to be connected with smth or to influence

it

to turn on smth — if an event or a discussion turns on smth,
whether it is accurate or has a good result depends completely on

that thing

to hold back from smth — 1. to stop smb or smth from moving
forwards; 2. to decide not to say or to do smth; 3. to not show
what you are thinking or feeling

to have best claim — 1. to state that one has a right to smth; 2. to
state that one has knowledge, understanding, skill

VII Exercises

a. Give synonyms to the following words.

to be conscious to tame
to decide to state
a problem to discard
a scientist doubtful
grave suitable

b. Give antonyms to the following words.

To prove, to dissuade, to be aware of smth, to reject, grave,
tamed, measurable, surveyable, limited.
c. Match a phrasal verb in the left column with its equivalent in
the right one.
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1. to have best claim a. to be connected with smth or
influence it

2. to hold back b. to state that one has a right to
smth

3. to turn on smth c. to stop smb or smth from moving
forwards

4. to bear on smth d. whether it is accurate depends

completely on it

VIII Key Terms

The Aristotelian view — Aristotle denied that infinitely many
things can be gathered together all at once. He distinguished
between two kinds of infinity. The actual infinite is that whose
infinitude exists at some point in time. In contrast, the potential
infinite is that whose infinitude is spread over time. All the
objections to the infinite, Aristotle insisted, are objections to
the actual infinite. The potential infinite, on the other hand, is
a fundamental feature of reality. It deserves recognition in any
process that can never end, including counting, the division of
matter and the passage of time itself. This distinction between
the two types of infinity provided a solution to Zeno’s paradoxes.
Traversing a region of space does not involve moving across an
actual infinity of subregions which would be impossible. But it
does mean crossing a potential infinity of subregions, in the sense
that there can be no end to the process of dividing the space.

Scholars usually interpreted his reference to time as a metaphor
for smth deeper and more abstract. Existing “in time” or existing
“all at once” assumed much broader meanings. To take exception to
the actual infinite was to object to the very idea that some entity
could have a property that surpassed all finite measure. It was also
to deny that the infinite was itself a legitimate object of study.

IX Conversational Practice

Agree or disagree with the statements. Justify your choice. Add
some sentences to develop your idea. Use the introductory phrases.
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I absolutely agree. To a certain extent, yes, but. ..
I’'m very much in favour of I see your point, but. ..

that.

That is just what I had in It is absolutely wrong.

mind.

I will start by saying that The simple reason is that. ..

In this connection I would It’s not the case.
like to mention. ..

. Cantor’s famous continuum hypothesis states that there are

sets of intermediate size.

The determinancy of Cantor’s conception is inviolable.

Cantor denied that there is any such thing as the set of sets.

Cantor’s reasoning seems to be on an ad hoc basis.

B. Russel’s memorable paradox concerns the set of all sets

that belong to themselves.

6. Cantor’s picture as well as the Aristotelian one more properly
applies to any of the particular sets within the entire
hierarchy.

7. Cantor showed that the set of positive integers is “really”
infinite.

8. Most people would deny that one infinite set can be bigger
than another.

9. The author asserts that the task at hand is to articulate
certain standard mathematical results.

[t

Ol LN

X Vocabulary Practice

Try to recollect how these phrases are used in the text.

He never successfully proved this idea..., the issue cannot be
settled. .., the problem raises philosophical questions..., of even
more importance are questions. . ., it follows that the set of sets must
be smaller than..., his reason lay in the following picture. .., there
never comes a set. . ., this paradox concerns. .., Russel’s paradox turns
on. .., there is smth dubious about R. .., in Cantor’s view according
to which no set..., sets are depicted as coming into being..., as
opposed to the infinitude of any one of them..., and what is really
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infinite is smth. .., his work seems to have lent considerable substance
to Aristotelian orthodoxy. . .

XI Writing and Speaking

Write a mini-report on Cantor’s conceptions concerning infinity on
the basis of Units IV and V. Present it to your classmates. Do not
read your report. Instead, speak from notes.

XII Render the following text.

KanTop Bpocun Bbi30e KoHuenuumn Apuctotens. B ceoein bnectaweli
paboTe OH paccMOTpen ero napagokcbl N CPOPMYIMPOBaN CBS3HYIO,
CUCTEMATU3MPOBAHHYIO 11 TOYHYIO TEOPUIO aKTyasibHOU DeckoHe4YHo-
CTU, rOTOBYIO NPOTUMBOCTOATH NtOOOMY ckenTuKy. KaHTop cornacuscsi
C NpuHUMNOM «pa3bueHns Ha napbl» U C ero obpaTHbIM yTBEPXKAE-
HWEM, @ NMEHHO, YTO HE CYLIECTBYET ABYX PABHOMOLLHbLIX MHOXECTE,
€C/IN TOJILKO UX COCTaBASIOWIMNE HeNb3s1 Pa3buTh HA Napbl C B3aUMHO-
OfHO3HAYHbIM COOTBETCTBMEM. TakM 0Dpa3oM, OH COrIacuMiICcs C TeMm,
4TO YETHBIX MOOXKUTENBHbLIX YNCEN CTOJIbKO XKE, CKOJIbKO HaTypasb-
HbIX 4ncen (nogobHOe BEPHO U B C/ly4ae OCTasIbHbIX NApPajlOKCOB).

[agalite pagn BbISICHEHUS| UCTUHBI, Cefys COBPEMEHHOR MaTeMa-
TUYECKOR TPaguLMm, B 3TOM ciyqae noctynum Tak xe (to follow suit).
Ecnun 3TOT npuHunn o3Havaer, 4To Lesioe He Dosblue, YeM ero 4Yacrtu,
nycTb Tak oHO u byger. Mbl B camoOM fene MOXem BOCMO/b30BaTb-
cst 3TON mpeeii, 4TOOLI ONpefENUTL aKTyasibHYIO DECKOHEYHOCTb, MO
KpaiiHeli Mepe NPUMEHNTENIBHO K MHOXECTBAM: MHOXECTBO DecKoHeuy-
HO, €CJIN OHO He DoJbLUIE, YeM OfHA U3 ero YacTeid. ToYHee, MHOXXECTBO
BeCKOHeYHO, eC/iN Y HEro CTOJILKO XK€ HYJIEHOB, CKOJIbKO U Y OJHOMO 13
€ro CODCTBEHHbIX MOAMHOXECTB.

Ecnn nonb3oBaTbca TakMMun aprymeHTamMm, OTKPbITbIM OCTaeTcst
BOMPOC: SABASIOTCSA N BCE BECKOHEUHbIE MHOXXECTBA PABHOMOLLHLIMU.
Bonbuioe 3HaueHne paboTel KaHTOpa cOCTOSNO B AEMOHCTpaL K TOro,
4to 370 He Tak. CylecTBYOT pa3Hble DECKOHEYHbIE MHOXECTBA. DTO
YyTBEPXKAEHMe crefyeT M3 TeopeMbl KaHTOpa: He CyLecTByeT Takoro
MHOXECTBA, B YAaCTHOCTN BECKOHEYHOrO, KOTOPOE MMESO Dbl CTONILKO
XKE YSIEHOB, CKONILKO MOAMHOXECTB. VHbiMu cnoBamun, MHOXECTBO He
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PaBHOMOLLHO MHOXECTBY CBOMX nogMHoxecTs. Ho nouyemy sT1o Tak?
MockonbKy, ecsivi Obl MHOXECTBO Obl/1I0 TaKuM 60ObLLINM, MOXHO Dbl1O
6bl B3aMMHOOAHO3HAYHO Pa3buTb Ha Napbl BCE €ro YjeHbl CO BCEMU
ero nogmuoxxectsamu. OgHun 4nerbl Gbinn Gbl TakuM 0OpPa3oM BKIO-
YeHbl B Mapbl C NOAMHOXECTBAMMU, B KOTOPbIE OHW BXOAAT, Apyrue —
C NOAMHOXECTBaMU, B KOTOPbIE OHM HE BXOAAT. A 4TO Toraa Aenatb
CO MHOXXECTBOM T€X YJIEHOB, KOTOpPbIE He BKJIHOYEHbI B MHOXECTBO, C
KOTOpbIM OHM nocTasfieHbl B napy? Hu oguH 4neH He mor Bbl BbITh
pa3buTbIM Ha Napbl C 3TUM MOAMHOXXECTBOM, HE BbI3BaB NPOTUBOPE-
yns.

Scientific American, April 1995, p. 115
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Text 1

GOEDEL AND THE LIMITS OF LOGIC?*

Mathematical genius Kurt Goedel was devoted to rationality in his work
but struggled with it in his personal life

by John W. Dawson

THE AUTHOR

John W. Dawson catalogued Kurt Goedel's papers at the Institute
for Advanced Study in Princeton, N.J. He has served as co-editor
of Goedel's Collected Works since the inception of that project. He
received his doctorate in mathematical logic from the University of
Michigan in 1972 and is a professor of mathematics at Pennsylvania
State University at York. He has a particular interest in axiomatic set
theory and the history of logic.

248cientific American, June 1999, pp. 78-79
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Word Combinations

to obey the axioms of number a system of entities
theory

to fail to behave like the in some other respects
natural numbers

to become a priori to justify the role of intuition
problematic

to be suitably encoded to underlie all of modern

computer science
The discipline of recursion to derive the consistency of
theory smth

I Read the questions and find answers in the text that
follows

1. What does Goedel’s completeness theorem state?
2. What did Goedel’s 1931 paper show?

Goedel’'s completeness theorem states that one can prove all those
statements that follow from the axioms. There is a caveat, however:
if some statement is true of the natural numbers but is not true
of another system of entities that also satisfies the axioms, then it
cannot be proved. That did not seem to be a serious problem, because
mathematicians hoped that entities that masqueraded as numbers but
were essentially different from them did not exist. So Goedel's next
theorem came as a shock.

In his 1931 paper Goedel showed that some statement that is true
of the natural numbers must fail to be provable. (That is, objects
that obey the axioms of number theory but fail to behave like the
natural numbers in some other respects do exist.) One could escape
this “incompleteness theorem” if all true statements were taken to be
axioms. In that case, however, deciding whether some statements are
true or not becomes a priori problematic. Goedel showed that whenever
the axioms can be characterized by a set of mechanical rules, it does
not matter which statements are taken to be axioms: if they are true of
the natural numbers, some other true statements about those numbers
will remain unprovable.
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In particular, if the axioms do not contradict one another, then that
fact itself, suitably encoded as a numerical statement, will be “formally
undecidable” — neither provable nor refutable — on the basis of those
axioms. Any proof of consistency must therefore appeal to stronger
principles than the axioms themselves.

The latter result greatly dismayed David Hilbert, who had
envisioned a program for securing the foundations of mathematics
through a “bootstrapping” process, by which the consistency of
complex mathematical theories could be derived from that of
simpler, more evident theories. Goedel, on the other hand, saw
his incompleteness theorems not as demonstrating the inadequacy of
the axiomatic method but as showing that the derivation of theorems
cannot be completely mechanized. He believed they justified the role
of intuition in mathematical research.

The concepts and methods Goedel introduced in his incompleteness
paper are central to the discipline of recursion theory, which underlies
all of modern computer science. Extensions of his ideas have allowed
the derivation of several other results about the limits of computational
procedures. One is the unsolvability of the “halting problem” — that
of deciding, for an arbitrary computer with an arbitrary input, whether
the computer will eventually halt and produce an output rather than
becoming stuck in an infinite loop. Another is the demonstration that
no program that does not alter a computer’s operating system can
detect all programs that do (viruses).

II Translate the italicized sentences into Russian. Explain
the use of the grammar constructions.

IIT Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

a caveat — (noun) a warning of the limits of a particular agreement
or statement

a priori — (adj., adv.) using knowledge or experience you already
have in order to make a judgement or decision

to dismay — (verb) to make smb worried, disappointed or sad;
dismayed — (adj.) very upset or annoyed about smth surprising or
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shocking that has happened; dismay — (noun) the feeling of being
very disappointed, worried, etc. about smth surprising or shocking
that has happened

to justify — (verb) to show that there is a good reason for smth,
especially smth that other people think is wrong; justification —
(noun); justifiable — (adj.)

to masquerade — (verb) to pretend to be smb or smth you are not;
a masquerade — (noun)

IV Comprehension Exercises

Answer the following questions.
1. What kind of a caveat is there in Goedel’s completeness
theory?
2. Why did mathematicians hope that it did not seem to be a
serious problem?
Why did Goedel’s 1931 paper come as a shock?
How could one escape this “incompleteness theorem’?
What principles must any proof of consistency appeal to?
Why did the latter result greatly dismay D. Hilbert?
How did Goedel assess his incompleteness theorems?
What discipline are the concepts and methods Goedel
introduced in his incompleteness paper central to?
9. What did the extensions of his ideas lead to?

X N ok W

V Grammar

1. Give the three forms of the verbs: to lead, to deal, to see, to
stick, to do.
2. Fill in the necessary prepositions and adverbs.

a. The latter result greatly dismayed David Hilbert, who

had envisioned a program ... securing the foundations
mathematics ... a “bootstrapping” process,

which the consistency ... complex mathematical

theories could be derived ... that ... simpler, more

evident theories.
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b. Goedel, ... the other hand, saw his incompleteness
theorems not as demonstrating the inadequacy ... the
axiomatic method but as showing that the derivation
... theorems cannot be completely mechanized.

c. He believed they justified the role ... intuition ...
mathematical research.

d. The concepts and methods Goedel introduced ... his
incompleteness paper are central ... the discipline

recursion theory, which underlies all ... modern
computer science.

e. Extensions ... his ideas have allowed the derivation ...
several other results ... the limits ... computational
procedures.

f. One is the unsolvability ... the “halting problem” — that
... deciding, ... an arbitrary computer ... an arbitrary
input, whether the computer will eventually halt and
produce an output rather than becoming stuck ... an
infinite loop.

3. Insert the pronouns: whenever, whoever, whatsoever, etc.

a. Goedel showed that ... the axioms can be characterized
by a set of mechanical rules, it does not matter which
statements are taken to be axioms: if they are true of
the natural numbers, some other true statements about
those numbers will remain unprovable.

b. ... tried to solve Fermat’s Last theorem, he failed.

c. This principle is valid. There can be no doubt ... about
it.

d. ... one refers to computation, he can not do without the

Hindu-Arabic system of numeration.

VI Exercises

a. Give synonyms to the following words.
a caveat to dismay enlargement to deny
evident  to justify  to alter to masquerade
b. Give antonyms to the following words.
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Provable, to obey, decidable, refutable, to contradict, solvability

VIII Key Terms

Bootstrapping (Electronics) — the technique of using bootstrap
feedback. A feedback circuit in which part of the output is fed back
across the input, giving effectively infinite input impedance and
unity gain. A bootstrapping process — a program for securing the
foundations of maths through a “bootstrapping” process, by which
the consistency of complex mathematical theories could be derived
from that of simpler, more evident theories

A halting problem — extension of Goedel’s ideas have allowed the
derivation of several other results about the limits of computational
problems. One is the unsolvability of the “halting problem” — that
of deciding for an arbitrary computer with an arbitrary input,
whether the computer will eventually halt and produce an output
rather than becoming stuck in an infinite loop

Recursion (MathSci) — a process by which a term in a sequence
may be computed from one or more of the preceeding terms.
(Chambers Dictionary of Science and Technology)

IX Conversational Practice

Agree or disagree with the statements. Justify your choice. Add
some sentences to develop your idea. Use the introductory phrases.

Surely, but as far as [ know...  Surely not. I mean. ..

Well, as a matter of fact... In my view, you are wrong.
It is absolutely right. Well, that’s very surprising.
I can’t help thinking the Yes, but on the other hand...
same.

Yes, that’s quite correct. Not really. I don’t think so.
Yes, perhaps you have a point  No, it’s quite the reverse.
there.

I couldn’t agree more. I think I disagree (I'm afraid).

1. Goedel’s completeness theorem states that one can prove all
those statements that follow from the axioms.
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10.

. There is a caveat, however: if some statement is true of the

natural numbers but is not true of another system of entities
that also satisfies the axioms, it can, nevertheless, be proved.
In his 1931 paper Goedel showed that some statement that is
true of the natural numbers must be provable.

One could escape this “incompleteness theorem” if all true
statements were taken to be axioms.

. Goedel showed that whenever the axioms can be characterized

by a set of mechanical rules, it does not matter which
statements are taken to be axioms: if they are true of the
natural numbers, some other true statements about those
numbers will remain unprovable.

The latter result greatly dismayed D. Hilbert.

Goedel, on the other hand, regarded his incompleteness
theorems as demonstrating the inadequacy of the axiomatic
method.

The concepts and methods Goedel introduced in his
incompleteness paper are central to the discipline of recursion
theory which underlies all modern science.

Among the several other results about the limits of
computational procedures is that of the solvability of the
“halting problem”.

Another result is the demonstration that no program that
does not alter a computer’s operating system can detect all
programs that do (viruses).

X Writing

Outline the main ideas and write an abstract (a brief and concise
summary) of the text. Express your point of view.

XI Text II

Summarize the text.
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DIAGONALIZATION AND GOEDEL’'S THEOREM?

The diagonalization used in establishing Cantor’s theorem also lies at
the heart of Austrian mathematician Kurt Goedel's celebrated 1931
theorem. Seeing how offers a particularly perspicuous view of Goedel’s
result.

Goedel’s theorem deals with formal systems of arithmetic. By
arithmetic | mean the theory of positive integers and the basic
operations that apply to them, such as addition and multiplication.
The theorem states that no single system of laws (axioms and rules)
can be strong enough to prove all true statements of arithmetic
without at the same time being so strong that it “proves” false ones,
too. Equivalently, there is no single algorithm for distinguishing true
arithmetical statements from false ones. Two definitions and two
lemmas, or propositions, are needed to prove Goedel's theorem. Proof
of the lemmas is not possible within these confines, although each is
fairly plausible.

Definition 1: A set of positive integers is arithmetically definable
if it can be defined using standard arithmetical terminology. Examples
are the set of squares, the set of primes and the set of positive integers
less than, say, 821.

Definition 2: A set of positive integers is decidable if there is an
algorithm for determining whether any given positive integer belongs
to the set. The same three sets above serve as examples.

Lemma 1: There is an algorithmic way of pairing off positive
integers with arithmetically definable sets.

Lemma 2: Every decidable set is arithmetically definable.

Given lemma 1, diagonalization yields a set of positive integers
that is not arithmetically definable. Call this set D. Now suppose,
contrary to Goedel's theorem, there is an algorithm for distinguishing
between true arithmetical statements and false ones. Then D, by virtue
of its construction, is decidable. But given lemma 2, this proposition
contradicts the fact that D is not arithmetically definable. So Goedel's
theorem must hold after all. Q.E.D.

25Scientific American, April 1995, p. 116
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XII Vocabulary Practice

Fill in the gaps using the key words given below.

Goedel's dissertation ... that the principles of logic developed up
to that time were adequate for their ... purpose, which was to prove
everything that was true on the ... of a given set of axioms. It did
not show, however, that every true statement ... the natural numbers
could be proved on the basis of the accepted axioms of number theory.

Those axioms, ... by ltalian mathematician Giuseppe Peano in
1889, ... the principle of induction. It asserts that any ... that is
true of zero, and true of a natural number n 4+ 1 ... true of n, must
be true of all natural numbers. Sometimes called the ... principle —
because if you ... one over, the rest will ... — the axiom might seem
... . Yet mathematicians found it problematic because it ... not just
to numbers themselves but to properties of numbers. Such a “second-
order” statement was thought too vague and ... ... to serve as a
basis for the theory of natural numbers.

As a result, the induction axiom was ... as an infinite schema
of similar axioms that refer to specific formulas ... ... to general
properties of numbers. Unfortunately, those axioms no longer uniquely

. the natural numbers, as Norwegian logician Thoralf Skolem ... a
few years before Goedel’s work: other structures ... them as well.
Key words: self-evident, satisfy, established, demonstrated,
intended, characterize, basis, rather than, concerning, recast,
proposed, ill defined, include, refers, property, topple, whenever,
knock, domino

XIII Render the following text

B 1938 rony T'éxenb cHoBa BepHyscs B Amepuky, riae B Uncruryre
MEPCIEeKTUBHBIX UCCIEIOBAHUN OH YUTAJ JIEKIHH O 3aMedaTeTbHbIX
HOBBIX PE3YJIbTATAX, KOTOPHIE OH TOJYYUI B TEOPUU MHOMKECTB.
OnauM U3 nocTUKeHu OBLIO pa3perreHne HEKOTOPBIX TPOTHBO-
PEeUnBBIX aCIEeKTOB Teopuu MHOXKeCTB. B Komie XIX Beka Hemenkmii
maremaTtuk [eopr KanTop BBes moHsTHE MEpBI Jjisi OECKOHETHBIX
muoxkectB. Cormacuo [. Kantopy, MHOXKeCTBO A MeHbBIIE MHOXKE-
ctBa B, ecnn, Kak ObI HU COTMOCTABJISAIN B3ANMHOOIHO3HAYMHO JJI€-
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merTaM A s7nemeHTbl B, HEKOTOPBIE 3JIeMEHThI B Beera ocraiorcs
6e3 napol. Ciemys sromy, Kanrop mokasas, 9T0 MHOXKECTBO Ha-
TYPAJIbHBIX YUCEJI MEHbIIE, 9eM MHOXKECTBO BCEX JEHCTBUTETHHBIX
qnces. Jlajee OH TPEIIOIOKMI, YTO HET TAKONO MHOXKECTBA, KO-
TOPOE MUMEJIO OBl pa3Mep, MPOMEKYTOUHBIH MEXKIYy ITUMU IBYMS
MHOXKECTBAMU, - YTBEPIKICHNUE, TIOTy IUBIIEE HA3BAHNE KOHTUHYYM-
CUIIOTE3bI.

B 1908 roxy cooredecrBennuk Kanropa dpuecr Lepmeso chop-
MyJIEPOBAJI PsIJ AKCHOM Teopun MHOXKeCTB. Cpeny HuxX ObLIa aKCH-
oMa BbIDOpa, KOTOpas yTBep:KIaer (B OJHOW U3 Bepcuii), 9To, ec-
Ji JaH J1000i OecKoHeuHbIH Habop (IOMapHO) HEemepeceKaonImXCs
MHOXKECTB, KaxKJI0€ U3 KOTOPBIX COAEPKUT II0 KpallHell Mepe OIuH
9JIEMEHT, TOI/[A CYIIECTBYET MHOYXKECTBO, KOTOPOE COIEPKUT B TOY-
HOCTH MO OJHOMY 3JIEMEHTY U3 KayKJOr0 U3 dTUX MHOXKECTB. XOTs
9Ty AKCHOMY, KAyKeTCsl, TPY/AHO OCIOPUTH (HEIOHSTHO, MO KAKOi
MPUYNHE HEBO3MOXKHO OTOOPATH OJWH DJIEMEHT U3 KarXKIOr0 MHO-
JKECTBA), aKCUOMa BbIOOPA MMEET MHOXKECTBO CJIEJICTBUIl, CUIIBHO
nporuBopedamux uaTyurun. OQHO U3 HUX COCTOUT B TOM, HAIIPHU-
Mep, 9TO MIAp MOXKeT ObITh pa3/esieH Ha KOHEYHOE YUCJI0 YacTei,
KOTOPBIE MOTYT OBITh PA3beIUHEHBI U BHOBb COEIUHEHbBI TP TTOMO-
[T TOJILKO JABUKEHUi 6e3 medopMaliuu, npu 3TOM OyIer MmojIydeH
HOBBII AP B 1B pPa3a OOJIBIIEro paanyca.

B pesysnbrare 3roro, akcmoMa craja BOCIPUHUMATHCS KAK B
BBICIIIEHl CTENeHW ITPOTUBOpevnBas. MareMaTuku M0I03peBaIn
U, KaK BBISCHUJIOCH, CIPABEIJINBO, UYTO HU AKCHOMA BBHIOODA, HU
KOHTHHYYM-TUIIOTE33, HE MOTYT OBITH BBIBEAEHBI U3 OCTAJIHHBIX
aKCHOM Teopuu MHOXKEeCTB. OHU OOSIINCH, 9TO MPUMEHEHUE JTHUX
TEOPEM B JIOKA3ATEIHCTBAX MOXKET MPUBECTH K IIPOTHBOPEUHUSIM.
Ténenn, ompako, mokasas, 9TO 00a MPUHIMIA HE IPOTHBOPEYAT
OCTAJIbHBIM AKCHOMAM.

Taxum 06pa3om, pe3yabTaThl [€1e1s Mo TeOpuu MHOKECTB OTBe-
TUJIV Ha, BOMPOC, KOTOpbiit ['mnrbept chopmynuposaa B 1900 roxy
B cBoeM obpariernn K MexKTyHapoJHOMY KOHIPECCY MATEMATHKOB.

Scientific American, June 1999, pp. 79-80
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Text

CONFRONTING SCIENCE’S LOGICAL LIMITS?*

The mathematical models now used in many scientific fields may be
fundamentally unable to answer certain questions about the real world.
Yet there may be ways around these problems.

by John L. Casti

THE AUTHOR

John L. Casti is a professor at the Technical University of Vienna
and at the Santa Fe Institute (castisantafe.edu). He is grateful to
Joseph F. Traub, Piet Hut, James B. Hartle and Aeke E. Andersson
for stimulating discussions on these matters and to the Institute for
Future Studies in Stockholm for partial support of this research.

26Scientific American, October 1996, pp. 103-104
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Word Combinations

it is my belief that. ..

to bring the issue into sharper
focus

to be expelled from the
system

one of the pillars on which
smth rests

a faithful representation of
smth

to constitute a discrete set of
measurements

to take their values in some
finite set of numbers

to discount the effect of smth
to move in an unpredictable,
essentially random fashion

to entail the development of
smth

to bear a relation to smth

I Read and translate the

to hamper an ability to do
smth

to address an issue of how. ..
to process all information
affecting smth

broadly speaking

the traveling-salesman
problem
to be firmly rooted in smth

a way round a problem

to generate an answer
a daunting task

to invoke the proof machinery
of maths
to find compelling definitions

text. Pay attention to the

italicized grammar constructions

A TRIAD OF RIDDLES

It is my belief that nature is both consistent and complete. On the other
hand, science’s dependence on mathematics and deduction hampers
our ability to answer certain questions about the natural world. To
bring this issue into sharper focus, let us look at three well-known
problems from the areas of physics, biology and economics.

Stability of the solar system. The most famous question of classical
mechanics is the N-body problem. Broadly speaking, this problem
looks at the behavior of a number, N, of point-size masses moving in
accordance with Newton's law of gravitational attraction. One version
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of the problem addresses whether two or more of these bodies will
collide or whether one will acquire an arbitrarily high velocity in a
finite time. In his 1988 doctoral dissertation, Zhihong (Jeff) Xia of
Northwestern University showed how a single body moving back and
forth between two binary systems (for a total of five masses) could
approach an arbitrarily high velocity and be expelled from the system.
This result, which was based on a special geometric configuration of
the bodies, says nothing about the specific case of our solar system.
But it does suggest that perhaps the solar system might not be stable.
More important, the finding offers new tools with which to investigate
the matter.

Protein folding. The proteins making up every living organism are
all formed as sequences of a large number of amino acids, strung out
like beads on a necklace. Once the beads are put in the right sequence,
the protein folds up rapidly into a highly specific three-dimensional
structure that determines its function in the organism. It has been
estimated that a supercomputer applying plausible rules for protein
folding would need 1027 years to find the final folded form for even a
very short sequence consisting of just 100 amino acids. In fact, in
1993 Aviezri S. Fraenkel of the University of Pennsylvania showed
that the mathematical formulation of the protein-folding problem is
computationally “hard” in the same way that the traveling-salesman
problem is hard. How does nature do it?

Market efficiency. One of the pillars on which the classical academic
theory of finance rests is the idea that financial markets are “efficient.”
That is, the market immediately processes all information affecting the
price of a stock or commodity and incorporates it into the current price
of the security. Consequently, prices should move in an unpredictable,
essentially random fashion, discounting the effect of inflation. This,
in turn, means that trading schemes based on any publicly available
information, such as price histories, should be useless; there can be
no scheme that performs better than the market as a whole over
a significant interval. But actual markets do not seem to pay much
attention to academic theory. The finance literature is filled with such
market “anomalies” as the low price — earnings ratio effect, which
states that the stocks of firms whose prices are low relative to their
earnings consistently outperform the market overall.
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THE UNREALITY OF MATHEMATICS

Our examination of the three questions posed above has yielded what
appear to be three answers: the solar system may not be stable, protein
folding is computationally hard, and financial markets are probably not
completely efficient. But what each of these putative “answers” has in
common is that it involves a mathematical representation of the real-
world question, not the question itself. For instance, Xia's solution of
the N-body problem does not explain how real planetary bodies move
in accordance with real-world gravitational forces. Similarly, Fraenkel's
conclusion that protein folding is computationally hard fails to address
the issue of how real proteins manage to do their job in seconds
rather than eons. And, of course, canny Wall Street operators have
thumbed their noses at the efficient-market hypothesis for decades. So
to draw any conclusions about the inability of science to deal with these
questions, we must either justify the mathematical model as a faithful
representation of the physical situation or abandon the mathematics
altogether. We consider both possibilities in what follows.

What these examples show is that if we want to look for
scientifically unanswerable questions in the real world, we must
carefully distinguish between the world of natural and human
phenomena and mathematical and computational models of those
worlds. The objects of the real world consist of directly observable
quantities, such as time and position, or quantities, such as energy,
that are derived from them. Thus, we consider parameters such as
the measured position of planets or the actual observed configuration
of a protein. Such observables generally constitute a discrete set
of measurements taking their values in some finite set of numbers.
Moreover, such measurements are generally not exact.

In the world of mathematics, on the other hand, we have symbolic
representations of such real-world observables, where the symbols are
often assumed to belong to a continuum in both space and time. The
mathematical symbols representing attributes such as position and
speed usually have numerical values that are integers, real numbers
or complex numbers, all systems containing an infinite number of
elements. In mathematics the concept of choice for characterizing
uncertainty is randomness.
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Finally, there is the world of computation, which occupies the
curious position of having one foot in the real world of physical devices
and one foot in the world of abstract mathematical objects. If we
think of computation as the execution of a set of rules, or algorithm,
the process is a purely mathematical one belonging to the world of
symbolic objects. But if we regard a computation as the process of
turning switches on or off in the memory of an actual computing
machine, then it is a process firmly rooted in the world of physical
observables.

One way to demonstrate whether a given question is logically
impossible to answer by scientific means is to restrict all discussion
and arguments solely to the world of natural phenomena. If we follow
this path, we are forbidden to translate a question such as “Is the
solar system stable?” into a mathematical statement and thereby to
generate an answer with the logical proof mechanism of mathematics.
We then face the problem of finding a substitute in the physical world
for the concept of mathematical proof.

A good candidate is the notion of causality. A question can
be considered scientifically answerable, in principle, if it is possible
to produce a chain of causal arguments whose final link is the
answer to the question. A causal argument need not be expressed in
mathematical terms. For example, the standard deductive argument
“All men are mortal; Socrates is a man; therefore, Socrates is mortal”
is a causal chain. There is no mathematics involved, just plain English.
On the other hand, constructing a convincing causal argument without
recourse to mathematics may be a daunting task. In the case of the
stability of the solar system, for example, one must find compelling
nonmathematical definitions of the planets and gravity.

Given these difficulties, it seems wise to consider approaches that
mix the worlds of nature and mathematics. If we want to invoke
the proof machinery of mathematics to settle a particular real-world
question, it is first necessary to “encode” the question as a statement
in some mathematical formalism, such as a differential equation, a
graph or an N-person game. We settle the mathematical version of the
question using the tools and techniques of this particular corner of the
mathematical world, eventually “decoding” the answer (if there is one!)
back into real-world terms. One challenge here is establishing that
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the mathematical version of the problem is a faithful representation
of the question as it arises in the real world. How do we know that
mathematical models of a natural system and the system itself bear
any relation to each other? This is an old philosophical conundrum,
entailing the development of a theory of models for its resolution.
Moreover, mathematical arguments may be subject to the constraints
revealed by Goedel, Turing and Chaitin; we do not know yet whether
the real world is similarly constrained.

II Comprehension Exercises

Answer the following questions.

1.

10.

11.
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What are the three well-known questions from the areas of
physics, biology and economics?

. What does each of the putative answers to the questions have

in common with the others?

Why must we carefully distinguish between the world of
natural and human phenomena and mathematical and
computational models of those worlds?

. Why does the author believe that the world of computation

occupies a curious position of having one foot in the real
world of physical devices and one foot in the world of abstract
mathematical objects?

. What is the way to demonstrate whether a given question is

logically impossible to answer by scientific means?

What problem do we face then?

In which case can a question be considered scientifically
answerable?

As constructing a convincing causal argument without
recourse to mathematics is a daunting task, what kind of
approaches does it seem wise to consider?

What challenge arises here if we invoke mathematics to settle
a particular real-world question?

How do we know that mathematical models of a natural
system and the system itself bear any relation to each other?
Are mathematical arguments subject to constraints as well as
the real world itself?
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IIT Vocabulary Notes

(Macmillan English Dictionary for Advanced Learners)

an attribute — (noun) a quality or feature of smb or smth; to
attribute — (verb) smth to smb/smth — to believe that smth
is a result of a particular situation, event or person’s actions;
attributable — (adj.) caused by a particular event, situation,
activity or person

to confront — (verb) (often passive) to be confronted with smth;
1. to deal with a difficult situation, e.g.: We need to confront this
problem; 2. if a problem or a difficult situation confronts you, you
have to deal with it, e.g.: the problems confronting science

to compel — (verb) to force smb to do smth; compelling — (adj.) 1.
interesting or exciting enough to keep your attention completely;
2. able to persuade smb to do smth or persuade them that smth is
true, e.g.: compelling evidence

to convince — (verb) 1. smb that/of smth — to make smb believe
that smth is true; 2. to persuade smb to do smth; convinced —
(adj.) certain that smth is true; convincing — (adj.) smth that is
convincing makes you believe that it is true or persuades you to do
smth, e.g.: a convincing argument/explanation

to daunt — (verb) (often passive) if smth daunts you, it makes you
worried because you think it will be very difficult or dangerous
to do; daunting — (adj.) smth that is daunting makes you very
worried because you think it will be very difficult or dangerous to
do, e.g.: a daunting task, challenge, prospect; dauntless — (adj.)
brave, never frightened or worried

to discount — (verb) to consider that smth is not important,
possible or likely, e.g.: to discount the possibility; discount —
(noun)

to distinguish — (verb) to recognize the difference between things,
to differentiate; distinguishable — (adj.) clearly different from other
people or things of the same type

to entail — (verb) if a situation or action entails a particular thing,
it involves having or doing that thing

to execute — (verb) to carry out; ezecution — (noun)

faithful — (adj.) showing or describing smth in a way that is exactly
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correct; faith — (noun) a strong belief in or trust of smb/smth;
faithfully — (adv.)

to hamper — (verb) (often passive) 1. to prevent smth from
happening or progressing normally; 2. to limit smb’s freedom to
move

to outperform — (verb) to be better than smb else at doing smth
to perform — (verb) to complete an action or activity, especially
a complicated one, e.g.: perform a task, duty, etc.; performance —
(noun) the speed and effectiveness of a machine or a vehicle
recourse — (noun) the use of smth so that you can get what you
want or need in a difficult situation

to subject — (verb) to make smb experience smth unpleasant; to be
subject to smth — 1. likely to experience or be affected by smth; 2.
in a situation when you have to obey a rule or law; subjection —
(noun); subjective — (adj.)

IV Grammar

1. Give the three forms of the verbs: to string, to bear, to arise,
to learn, to forbid, to deal, to speak, to pay, to say, to show, to
do, to put, to drive.

2. Fill in the missing prepositions or adverbs.

Protein folding. The proteins making ... every living organism
are all formed as sequences ... a large number ... amino acids,
strung ... like beads ... a necklace. Once the beads are put

... the right sequence, the protein folds ... rapidly ... a highly
specific three-dimensional structure that determines its function
. the organism. It has been estimated that a supercomputer
applying plausible rules ... protein folding would need 1027
years to find the final folded form ... even a very short sequence
consisting ... just 100 amino acids. ... fact, ... 1993 Aviezri
S. Fraenkel ... the University ... Pennsylvania showed that
the mathematical formulation ... the protein-folding problem
is computationally “hard” ... the same way that the traveling-
salesman problem is hard. How does nature do it?
3. Use a subordinate clause instead of Complex Subject in the
following sentences and translate them into Russian.
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a. But actual markets do not seem to pay much attention
to academic theory.

b. In the world of mathematics, on the other hand, we have
symbolic representations of such real-world observables,
where the symbols are often assumed to belong to a
continuum in both space and time.

c. It does not seem to have occurred to Jacobi, as it did
to Abel, that the general quintic might be unsolvable
algebraically.

d. The history of elliptic functions is quite involved and,
although of considerable interest to specialists, is not
likely to appeal to the general reader.

e. The property appears to have been mentioned frequently
in the past.

f. The rings of Uranus happened to have been discovered
by accident.

g. Fermat appears to have known a proof before 1683.

h. Galileo’s Dialogue turned out to have been pivotal for
Newton’s discovery of the law of universal gravitation.

4. Enlist all the parenthetical words you came across in the text:
for example, broadly speaking, on the other hand, similarly,
etc. and give their Russian equivalents.

5. Define the grammar construction in the following sentence.

Translate it into Russian.
The mathematical symbols representing attributes such as
position and speed usually have numerical values that are
integers, real numbers or complex numbers, all systems
containing an infinite number of elements.

V Phrasal Verbs and Idioms

to make up smth — to combine together to form a whole

to string out — (usually passive) to arrange smth in a long line

to fold up — to make smth smaller by bending it over on itself more
than once

to pay attention to smth — to listen, watch or consider smth very
carefully
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to bear no relation to smth or smb — to show no connection between
two or more things or people

to thumb one’s nose at smth or smb — to show no respect for a
rule, law or person in authority

to bring smth into sharp focus — to make people pay particular
attention to smth

V1 Exercises

a. Give synonyms to the following words.

an attribute loyal to daunt
promptly to emerge  to confine
to incorporate to expel to execute
a constraint to hamper plausible

b. Give antonyms to the following words.

Unable, real, random, to enroll, predictable, essential, uncertainty,
faithful, accurate, answerable

c. Match a phrasal verb or an idiom in the left column with its
equivalent in the right one.

1. to fold up a. to arrange smth in a long line

2. to string out b. to combine together to form a whole

3. to bear no relation c. to show no respect for a rule or a law

to smth/smb

4. to bring smth into d. to show no connection between two things

sharp focus

5. to make up e. to make smth smaller by bending it over on
itself more than once

6. to thumb one’s f. to make people pay particular attention

nose at smth to smth

VII Key Terms

Traveling salesman problem — a traveling salesman would need the
world’s fastest computer running for billions of years to calculate
the shortest route between 100 destinations. Scientists are now
seeking ways to make such daunting problems more tractable
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VIII Conversational Practice

Agree or disagree with the statements. Justify your choice. Add
some sentences to develop your idea. Use the introductory phrases.

10.

I have no doubt about it. I see what you mean, but. ..

Yes, perhaps you have a point  There is a lot in what you say,
there. but. ..

Yes, that’s quite correct. Surely not, I mean ...

How right you are! Yes, maybe/perhaps, but ...

. The mathematical models now used in many scientific fields

may be fundamentally unable to answer certain questions
about the real world.

. Nature is both consistent and complete, but science’s

dependence on maths and deduction hampers our ability
to answer certain questions about the natural world.

One version of the N-body problem addresses the issue
whether two or more of these bodies will collide and acquire
an arbitrary high velocity in a finite time.

The result suggests that the solar system is stable.

. It has been estimated that a supercomputer applying

plausible rules for protein folding would need 10 years
to find the final folded form for a sequence consisting of 100
amino acids.

The mathematical formulation of the protein-folding problem
is computationally hard in the same way that the traveling-
salesman problem is hard.

There can be no scheme that performs better than the market
as a whole over a significant interval.

If we want to look for scientifically unanswerable questions
in the real world, we must carefully distinguish between the
world of natural and human phenomena and mathematical
and computational models of those worlds.

The objects of the real world consist of directly observable
quantities.

Such observables generally constitute a discrete set of
measurement taking their values in some finite set of numbers.
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11. In the world of mathematics we have symbolic representations
of such real-world observables, where the symbols are often
assumed to belong to a continuum in both space and time.

12. The mathematical symbols representing attributes such as
position and speed usually have numerical values that are
integers, real numbers or complex numbers, all systems
containing an infinite number of elements.

13. There is a world of computation, which occupies the curious
position of having one foot in the real world of physical devices
and one foot in the world of abstract mathematical objects.

14. One way to demonstrate whether a given question is logically
impossible to answer by scientific means is to restrict all
discussion and arguments solely to the world of mathematical
models.

15. We face the problem of finding a substitute in the physical
world for the concept of mathematical proof.

16. Constructing a convincing causal argument without recourse
to mathematics may be an encouraging task.

17. Given these difficulties, it seems wise to consider approaches
that do not mix the worlds of nature and mathematics.

18. .One challenge here is establishing that the mathematical
version of the problem is a faithful representation of the
question as it arises in the real world.

IX Vocabulary Practice

Fill in the gaps using the key words given below.

There may be ... to sidestep these ... . The problems ... by
Goedel and others ... to number systems with ... elements, such as
the set of all integers. But many ... ... problems, such as the traveling
salesman problems ... a finite number of variables, each of which can
take only a ... number of possible values.

Similarly, nondeductive models of ... — induction, for instance,
in which we ... to a general ... on the basis of a finite number of
specific ... — can take us ... the realm of logical ... . So, if we ...
our mathematical formalisms to systems using ... sets of numbers or
nondeductive . .. or both, every mathematical question should be .. .;
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hence, we can ... the decoded real-world ... of such questions to be
answerable as well.

Key words: answerable, observations, involve, jump, apply,
undecidability, issues, real-world, restrict, conclusion, counterpart,
finite (2), ways, identified, infinite, reasoning, beyond, logic, expect

X Writing and Speaking

Write a mini-report on the problems formulated by Goedel. Present
it to your classmates. Do not read your report. Instead, speak from
notes.

XI Render the following text

Mpobnemsbl, cchopmynuposarHblie legenem n Apyrummn yyeHsimm, npu-
MEHUMBbI K YUCOBbIM CUCTEMAM C BECKOHEYHBIM YNCSIOM 3/1EMEHTOB,
TaKWM, KaK MHOXECTBO BCEX LieNibIX 4ncen. Ho mHorne 3agaqn peans-
HOro Mupa, HanpuMep, NpobaemMa KOMMUBOSIXKEPA, 3aBUCST OT KOHEY-
HOro 4ncna BEANHYNH, KaXKgas N3 KOTOPbIX MOXET NPUHNMATb TOJIbKO
KOHEYHOE YNC/I0 BO3MOXXHbIX 3HAYEHUNNA.

MogobHbIM e 0bpa3oM, HeleayKTUBHbIE CMOCODLI MbILLIEHUS —
WHAYKUMS, HANPUMEpP, NP1 KOTOPOiA Mbl NPUXOAUM K 0DLiEMY 3akito-
HEHWNIO Ha OCHOBAHMN KOHEYHOro 4uMcyia 3KCNEPNMEHTOB — MOryT Bbl-
BECTMW HaC 3a npejenbl Iornyeckoli HepaspewwmmocTu. Mostomy, ecnn
Mbl OrpaHMYMM Hall MaTeMaTuyeckuli hopmMannsm cuctemamu, uc-
MOJIb3YIOLWMMU KOHEYHbIE MHOXECTBA YUCEN WAN HeLeAYKTUBHYIO J10-
rnKy, namn TO N p,pyroe, TO Ka)K'D'blﬁ MaTeMaTN4YeCKunin BOMNPOC AOJIKEH
NMMETb OTBET, CNeJO0BaATENIbHO, Mbl MOXXEM OXNAaTb, 4TO pacumd)po—
BAaHHbIE AHANOIM 3TUX MATEMATUYHECKUNX np06neM B p€aJibHOM Mupe
TOXE UMEIOT peLleHmne.

V|3yl-|eH|/|e 4e/10Be4eCKOro paayma MOXET BbIABUTb p,perle CnocCo-
661 0boiiTK nornyeckne npegensi. Hekotopble nccnegosaTtenn mnckyc-
CTBEHHOrO WHTEJIEKTA NPEeaNOXMAN CHATATb Hall MO3rM KOMMbIOTeE-
POM, XOTSl 1 4pe3Bbl4aliHO MOLLHbIM, COBEPLUAIOLLAM BbIYMCAEHNS Ta-
KM K€ JIOrMYECKN NO3TaNHbIM NyTEM, KaK N TPaAULIVOHHbIE KOMMbHO-
Tepbl. Ho pasHble TeopeTuku, B nepsyto ovepenb hr3mk-mMaTeMaTuk
Pogxep Menpoys n3 Okcdopackoro yHmeepcuTeTa, yTBEPXKAAIOT, 4TO
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4enoBeYecKasi MbIC/INTENbHAS LEATENBHOCTL HE MOCTPOEHA HI HA Ka-
KUX N3BECTHbIX MpaBuiax gefykumm n Takmm obpasom He nognagaer
nog, orpaHnyerus legens.

HepasHo 3Ta Touka 3peHus Obina nogaep)kaHa MCCAEA0BAHMNAMMN,
npoeegeHHbiMn MatemaTtukamu [xonom J1. Kactm n [Jonanbgom
T. Capu, ncuxonorom Mapraper A. BogeH, skoHomuctom Oke
E. AnpepceHoMm u ppyrumu. IDTO uMCCnefoBaHWe [AeT OCHOBaHUS
YyTBEPXKAATb, YTO B UCKYCCTBE, PABHO KaK 1 B E€CTECTBEHHbIX Haykax
M MaTeMaTuMKe, YeSIOBEYECKME TBOPYECKME CMOCODHOCTM He orpa-
HUYMBAKOTCA JKECTKAMU PaMKaMu MaTEMAaTUYECKUX BblHUCIIEHWIA.
MeHpoys un gpyrue TeopeTrky BbICKA3aam JOragKy, YTO HEJOBEHECKOE
TBOPYECTBO WMEET HeKUe BCE €lle HEM3BECTHble MEXaHW3Mbl Wn
npasuia, BO3MOXHO, CBA3aHHble C KBAHTOBOW MexaHukoi. Ecin yde-
Hble PAaCKPOKOT 3TN MEXAHM3MbI 1 BKOYAT UX B Hay4HbIi MeTod, TO
OHM, BO3MOXHO, CMOTYT PELINTbL HEKOTOPbIE NPOBIEMbI, KaXyLLuUecs
ceiivac Hepaspewnmbimu. KOHEYHO, CNOCOBHOCTL HayKM packpbiBaTh
CEeKpETbI MPUPOAbI OrPpaHMHYEHA MHOTMMU MPAKTUYECKMMU acnekTamMu
— TaKMMK, KakK OWWUOKMN W3MEPEHNs, BPEMSI BblYUCAEHWI, pu3nde-
CKNe 1 3KOHOMUYECKMNE PECYPChl, NOANTAHECKAS! BOJS U KYbTYPHbIE
ueHHocTn. Ho HM4TO 13 3TOrO He OTBEYaeT Ha BOMPOC, CyLLeCTBYET
NN NOrnYeckuii Npefen HalWwmM OTBETAaM Ha ONpPedesieHHbIli Bonpoc 0b
okpyxatowem mupe. [pegnonaraercsi, 4to He cywecrteyer. [TosTomy
3KCKYpC B MaTeMaTuky XX BeKa BCENIIET HAAEeXAY.

Scientific American, October 1996, pp. 104-105
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Texts for home reading and abstracting

HYPERSPHERE EXOTICA?

A 45-year-old problem on higher-dimensional spheres is solved — probably

by Davide Castelvecchi

Relax. Until recently, lurking in the dark recesses of mathematical
existence, there might have been a really weird sphere of 254
dimensions, or 510, or 1,026. in fact, for all you knew, you might
have had to worry about weird spheres when visiting any space with
numbers of dimensions of the type 2% — 2.

Not anymore. “We can all sleep a bit better tonight,” joked
mathematical physicist J. Baez of the University of California,
Riverside, in his blog. Baez was referring to the announcement made
by mathematicians Michael Hopkins of Harvard University, Michael Hill
of the University of Virginia and Douglas Ravenel of the University of
Rochester that they had cracked a 45-year-old question known as the
Kervaire invariant problem. If confirmed, their result puts the finishing
touch to a glorious piece of 1960s mathematics: the classification
of “exotic,” higher-dimensional spheres. The Kervaire problem was a
major stumbling block in understanding multidimensional spaces, and
its solution could have implications in equally exotic fields of physics
such as string theory.

27Scientific American, August 2009, p. 22
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When mathematicians talk about higher-dimensional spaces, they
are referring to the number of variables, or dimensions, needed to locate
a point in such a space. The surface of the earth is two-dimensional
because two coordinates — latitude and longitude — are needed to
specify any point on it. In more formal terms, the standard two-
dimensional sphere is the set of points equidistant from a point in
2 + 1 = 3 dimensions. More generally, the standard n-dimensional
sphere, or n-sphere for short, is the set of points that are at the
same distance from a center point in a space of n + 1 dimensions.
Spheres are among the most basic spaces in topology, the branch of
mathematics that studies which properties are unchanged when an
object is deformed without crushing or ripping it. Topology comes up
in many studies, including those trying to determine the shape of our
universe.

In recent years mathematicians have completed the classification of
3-D spaces that are “compact,” meaning that they are finite and with
no edges. (A sphere is compact, but an infinite plane is not.) Thus,
they have figured out the topologies of all possible universes, as long
as those universes are compact and three-dimensional. In more than
three dimensions, however, the complete classification has turned out
to be intractable and even logically impossible. Topologists had hoped
at least that spaces as simple as spheres would be easy enough.

John Milnor, now at Stony Brook University, complicated matters
somewhat in the 1950s, when he discovered the first “exotic” 7-sphere.
An exotic n-sphere is a sphere from the point of view of topology.
But it is not equivalent to a standard n-sphere from the point of
view of differential calculus, the language in which physics theories are
formulated. The discrepancy has consequences for equations such as
those that describe the motion of particles or the propagation of waves.
It means that solutions to such equations (or even their formulation) on
one space cannot be mapped onto the other without developing kinks,
or “singularities.” Physically, the two spheres are different, incompatible
worlds.

In 1963 Milnor and his colleague Michel Kervaire calculated the
number of exotic 7-spheres and found that there were exactly 27
different ones. In fact, they calculated the number of n-spheres for
any n from five up. Their counts, however, had an ambiguity — a
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possible factor of two — when n is an even number. William Browder
of Princeton University later removed that ambiguity, except for
dimensions of the type n = 2% — 2, starting with & = 7 — specifically,
126, 254, 510, and so on. In other words, mathematicians could only
guess the number of exotic spheres in these dimensions to within a
factor of two, known as the Kervaire invariant because of its relation
to an earlier concept invented by Kervaire.

Hopkins and his colleagues think that they have found a way to
remove that ambiguity. In their proof, which involves an intricate
hierarchy of algebraic systems called homology groups, they show that
the factor of two did not exist in any of those dimensions except
possibly in the case 126, which, for technical reasons, their proof
strategy did not address. There is actually still another major exception:
the 4-D case. Although there are no exotic 1-, 2- or 3-spheres, no one
has any clue whether exotic 4-spheres exist or not.

Although the researchers have not yet published their proof,
Hopkins says, “I'm as confident as | possibly could be” without peer
review that the proof is correct. Gunnar Carlsson, a topologist at
Stanford University, says he has only heard “the most cursory outline
of the proposed proof” from Hopkins but is “optimistic that the
ingredients may very well be there for a resolution of this problem.”
And not a moment too soon, if you've stayed up worrying about weird
spheres.

BREAKING NETWORK LOGJAMS?

by Michelle Effros, Ralf Koetter and Muriel Medard

Claude E. Shannon, mathematician and engineer, launched one
such revolution almost 60 years ago by laying the foundation of
a new mathematical theory of communications — now known as
information theory. Practical outgrowths of his work, which dealt with
the compression and reliable transmission of data, can be seen today
in the Internet, in landline and wireless telephone systems, and in
storage devices, from hard drives to CDs, DVDs and flash memory
sticks.

28Scientific American, June 2007, pp. 78-81
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Shannon tackled communications over phone lines dedicated to
individual calls. These days, information increasingly travels over
shared networks (such as the Internet), in which multiple users
simultaneously communicate through the same medium — be it a
cable, an optical fiber or, in a wireless system, air. Shared networks can
potentially improve the usefulness and efficiency of communications
systems, but they also create competition for communal resources.
Many people must vie for access to, say, a server offering downloadable
songs or to a wireless hot spot.

The challenge, then, is to find ways to make the sharing go
smoothly; parents of toddlers will recognize the problem. Network
operators frequently try to solve the challenge by increasing resources,
but that strategy is often insufficient. Copper wires, cables or fiber
optics, for instance, can now provide high bandwidth for commercial
and residential users yet are expensive to lay and difficult to modify and
expand. Ultrawideband and multiple-antenna transmission systems
can expand the number of customers served by wireless networks but
may still fail to meet ever increasing demand.

Techniques for improving efficiency are therefore needed as well.
On the Internet and other shared networks, information currently gets
relayed by routers — switches that operate at nodes where signaling
pathways, or links, intersect. The routers shunt incoming messages
to links heading toward the messages’ final destinations. But if one
wants efficiency, are routers the best devices for these intersections? Is
switching even the right operation to perform?

Until seven years ago, few thought to ask such questions. But
then Rudolf Ahlswede of the University of Bielefeld in Germany, along
with Ning Cai, Shuo-Yen Robert Li and Raymond W. Yeung, all then
at the University of Hong Kong, published groundbreaking work that
introduced a new approach to distributing information across shared
networks. In this approach, called network coding, routers are replaced
by coders, which transmit evidence about messages instead of sending
the messages themselves. When receivers collect the evidence, they
deduce the original information from the assembled clues.

Although this method may sound counterintuitive, network coding,
which is still under study, has the potential to dramatically speed up
and improve the reliability of all manner of communications systems
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and may well spark the next revolution in the field. Investigations are,
of course, also exploring additional avenues for improving efficiency;
as far as we know, though, those other approaches generally extend
existing methods.

Ahlswede and his colleagues built their proposal in part on the
idea, introduced by Shannon, that transmitting evidence about data
can actually be more useful than conveying the data directly. They also
realized that a receiver would be able to deduce the original data once
enough clues had been gathered but that the receiver would not need to
obtain all of the evidence emitted. One kind of clue could be replaced
by another, and all that was important was receiving some combination
of clues that, together, would reveal the original message. (Receivers
would be able to make sense of the evidence if they were informed in
advance about the rules applied to generate it or if instructions on how
to use the evidence were included in the evidence itself.)

Network coding breaks with the classic view that communications
channels are analogous to roads and that bits are like the cars that
travel those roads. But an understanding of the transportation model
of communications is useful for grasping how the new scheme works
and why it has such promise.

Shannon proved mathematically that every channel has a capacity
— an amount of information it can relay during any given time frame
— and that communications can proceed reliably as long as the
channel’'s capacity is not exceeded. In the transportation analogy,
a road's capacity is the number of cars per second it can handle
safely. If traffic stays below capacity, a car entering the road at one
end can generally be guaranteed to exit at the other end unchanged
(barring the rare accident). Engineers have built increasingly complex
communications systems based on the transportation model. For
example, the phone systems Shannon pondered dedicate a distinct
“road” to every conversation; two calls over traditional phone lines
never share a single line at the same time and frequency.

Computer networks — and the Internet in particular — are
essentially a maze of merging, branching and intersecting roads.
Information traveling from one computer to another typically traverses
several roads en route to its destination. Bits from a single message
are grouped into packets (the carpools or buses of the information
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superhighway), each of which is labeled with its intended destination.
Routers sit at the intersections of the roads, examine each packet’s
header and forward that packet toward its destination.

Ironically, the very transportation model that fueled today’s
sophisticated communications systems now stands in the way of
progress. After all, bits are not cars. When two vehicles converge
on the same narrow bridge, they must take turns traversing the
bottleneck. When two bits arrive at a bottleneck, however, more
options are possible — which is where network coding comes in.

HOW TO STEAL SECRETS WITHOUT
A NETWORK?

by W. Wayt Gibbs

Through the eyepiece of Michael Backes's small Celestron
telescope, the 18-point letters on the laptop screen at the end
of the hall look nearly as clear as if the notebook computer were on
my lap. | do a double take. Not only is the laptop 10 meters (33 feet)
down the corridor, it faces away from the telescope. The image that
seems so legible is a reflection off a glass teapot on a nearby table. In
experiments here at his laboratory at Saarland University in Germany,
Backes has discovered that an alarmingly wide range of objects
can bounce secrets right off our screens and into an eavesdropper’s
camera. Spectacles work just fine, as do coffee cups, plastic bottles,
metal jewelry — even, in his most recent work, the eyeballs of the
computer user. The mere act of viewing information can give it away.

The reflection of screen images is only one of the many ways
in which our computers may leak information through so-called
side channels, security holes that bypass the normal encryption and
operating —system restrictions we rely on to protect sensitive data.
Researchers recently demonstrated five different ways to surreptitiously
capture keystrokes, for example, without installing any software on
the target computer. Technically sophisticated observers can extract
private data by reading the flashing light-emitting diodes (LEDs) on

29Scientific American, May 2009, pp. 5861
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network switches or by scrutinizing the faint radio-frequency waves
that every monitor emits. Even certain printers make enough noise to
allow for acoustic eavesdropping.

Outside of a few classified military programs, side-channel attacks
have been largely ignored by computer security researchers, who have
instead focused on creating ever more robust encryption schemes and
network protocols. Yet that approach can secure only information that
is inside the computer or network. Side-channel attacks exploit the
unprotected area where the computer meets the real world: near the
keyboard, monitor or printer, at a stage before the information is
encrypted or after it has been translated into human-readable form.
Such attacks also leave no anomalous log entries or corrupted files to
signal that a theft has occurred, no traces that would allow security
researchers to piece together how frequently they happen. The experts
are sure of only one thing: whenever information is vulnerable and has
significant monetary or intelligence value, it is only a matter of time
until someone tries to steal it.

The idea of stealing information through side channels is far older
than the personal computer. In World War | the intelligence corps of the
warring nations were able to eavesdrop on one another’s battle orders
because field telephones of the day had just one wire and used the
earth to carry the return current. Spies connected rods in the ground
to amplifiers and picked up the conversations. In the 1960s American
military scientists began studying the radio waves given off by computer
monitors and launched a program, code-named “Tempest,” to develop
shielding techniques that are used to this day in sensitive government
and banking computer systems. Without Tempest shielding, the image
being scanned line by line onto the screen of a standard cathode-ray
tube monitor can be reconstructed from a nearby room — or even an
adjacent building — by tuning into the monitor's radio transmissions.

Many people assumed that the growing popularity of flat-panel
displays would make Tempest problems obsolete, because flat panels
use low voltages and do not scan images one line at a time. But
in 2003 Markus G. Kuhn, a computer scientist at the University of
Cambridge Computer Laboratory, demonstrated that even flat-panel
monitors, including those built into laptops, radiate digital signals from
their video cables, emissions that can be picked up and decoded from
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many meters away. The monitor refreshes its image 60 times or more
each second; averaging out the common parts of the pattern leaves
just the changing pixels — and a readable copy of whatever the target
display is showing.

“Thirty years ago only military suppliers had the equipment
necessary to do the electromagnetic analysis involved in this attack,”
Kuhn says. “Today you can find it in any well-equipped electronics lab,
although it is still bulky. Sooner or later, however, it will be available
as a plug-in card for your laptop.”

Similarly, commonplace radio surveillance equipment can pick
up keystrokes as they are typed on a keyboard in a different room,
according to Martin Vuagnoux and Sylvain Pasini, both graduate
students in computer science at the Swiss Federal Institute of
Technology in Lausanne. The attack does not depend on fluctuations
in the power supply, so it works even on the battery-powered laptops
you see by the dozen in any airport terminal.

Vuagnoux and Pasini showed off the feat in an online video recorded
last October. They are now preparing a conference paper that describes
four distinct ways that keystrokes can be deduced from radio signals
captured through walls at distances up to 20 meters. One of the newer
methods is 95 percent accurate. “The way the keyboard determines
which key is pressed is by polling a matrix of row and column lines,”
explains Kuhn, who proposed (but never demonstrated) one of these
methods a decade ago. “The polling process emits faint radio pulses,
and the position of those pulses in time can reveal which key was
pressed.”

Last May a group led by Giovanni Vigna of the University of
California, Santa Barbara, published details of a fifth way to capture
typing that does not require a fancy radio receiver; an ordinary
webcam and some clever software will do. Vigna's software, called
ClearShot, works on video of a victim's fingers typing on a keyboard.
The program combines motion-tracking algorithms with sophisticated
linguistic models to deduce the most probable words being typed.
Vigna reports that ClearShot reconstructs the typed text about as
quickly as human volunteers do, but not quite as accurately.

It might seem implausible that someone would allow their own
webcam to be used against them in this way. It is not. Gathering
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video from a webcam can be as simple as tricking the user into
clicking on an innocuous-looking link in a Web page, a process
known as clickjacking. Last October, Jeremiah Grossman of WhiteHat
Security and Robert Hansen of SecTheory revealed details of bugs
they discovered in many Web browsers and in Adobe's Flash software
that together allow a hostile Web site to collect audio and video
from a computer’'s microphone and webcam. Just a single errant click
launches the surveillance.

Still, Backes points out, “almost all these interception methods are
accessible only to experts with specialized knowledge and equipment.
What distinguishes the attack based on reflections is that almost
anyone with a $500 telescope can do it, and it is almost impossible to
defend against completely.”

MASTERING CHAOS?*

It is now possible to control some systems that behave chaotically.
Engineers can use chaos to stabilize lasers, electronic circuits and even
the hearts of animals

by William L. Ditto and Louis M. Pecora

What good is chaos? Some would say it is unreliable, uncontrollable
and therefore unusable. Indeed, no one can ever predict exactly how a
chaotic system will behave over long periods. For that reason, engineers
have typically dealt with chaos in just one way: they have avoided
it. We find that strategy somewhat shortsighted. Within the past
few years we and our colleagues have demonstrated that chaos is
manageable, exploitable and even invaluable.

Chaos has already been applied to increase the power of lasers,
synchronize the output of electronic circuits, control oscillations in
chemical reactions, stabilize the erratic beat of unhealthy animal
hearts and encode electronic messages for secure communications.
We anticipate that in the near future engineers will no longer shun
chaos but will embrace it.

There are at least two reasons why chaos is so useful. First, the
behavior of a chaotic system is a collection of many orderly behaviors,

30Gcientific American, August 1993, p. 78
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none of which dominates under ordinary circumstances. In recent years,
investigators have shown that by perturbing a chaotic system in the
right way, they can encourage the system to follow one of its many
regular behaviors. Chaotic systems are unusually flexible because they
can rapidly switch among many different behaviors.

Second, although chaos is unpredictable, it is deterministic. If two
nearly identical chaotic systems of the appropriate type are impelled,
or driven, by the same signal, they will produce the same output, even
though no one can say what that output might be. This phenomenon
has already made possible a variety of interesting technologies for
communications.

For more than a century, chaos has been studied almost exclusively
by a few theoreticians, and they must be credited for developing some
of the concepts on which all applications are based. Most natural
systems are nonlinear: a change in behavior is not a simple function
of a change in conditions. Chaos is one type of nonlinear behavior.
The distinguishing feature of chaotic systems is that they exhibit a
sensitivity to initial conditions. To be more specific, if two chaotic
systems that are nearly identical are in two slightly different states,
they will rapidly evolve toward very different states.

To the casual observer, chaotic systems appear to behave in a
random fashion. Yet close examination shows that they have an
underlying order. To visualize dynamics in any system, the Irish-born
physicist William Hamilton and the German mathematician Karl
Jacobi and their contemporaries devised, more than 150 years ago,
one of the fundamental concepts necessary for understanding nonlinear
dynamics: the notion of state space.

Any chaotic system that can be described by a mathematical
equation includes two kinds of variables: dynamic and static. Dynamic
variables are the fundamental quantities that are changing all the
time. For a chaotic mechanism, the dynamic variables might be the
position of a moving part and its velocity. Static variables, which
might also be called parameters, are set at some point but then are
never changed. The static variable of a chaotic mechanism might be
the length of some part or the speed of a motor.

State space is essentially a graph in which each axis is associated
with one dynamic variable. A point in state space represents the state
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of the system at a given time. As the system changes, it moves from
point to point in state space, defining a trajectory, or curve. This
trajectory represents the history of the dynamic system.

Chaotic systems have complicated trajectories in state space. In
contrast, linear systems have simple trajectories, such as loops. Yet
the trajectory of a chaotic system is not random; it passes through
certain regions of state space while avoiding others. The trajectory
is drawn toward a so-called chaotic attractor, which in some sense
is the very essence of a chaotic system. The chaotic attractor is the
manifestation of the fixed parameters and equations that determine
the values of the dynamic variables.

So if one measures the trajectory of a chaotic system, one cannot
predict where it will be on the attractor at some point in the distant
future. The chaotic attractor, on the other hand, remains the same
no matter when one measures it. Once researchers have obtained
information about the chaotic attractor of a system, they can begin to
use chaos to their advantage.

PRACTICAL FRACTAL3!

Mandelbrot's equations compress digital images

When IBM researcher Benoit B. Mandelbrot published The Fractal
Geometry of Nature a decade ago, few imagined that the beautiful,
infinitely detailed designs he called fractals might one day also
improve television reception and help make pictures a part of everyday
computing. Two who did were Michael F. Barnsley and Alan D. Sloan,
mathematicians at the Georgia Institute of Technology. They reasoned
that because images of the real world tend to consist of many complex
patterns that recur at various sizes — in other words, fractals — there
ought to be a way to translate pictures into fractal equations. Images
so coded would require fewer data and thus less disk space to store
and less time to transmit.

By 1987 the researchers had worked out enough details to patent
their idea, garner $500,000 in start-up capital from Norwegian investors

31Gcientific American, July 1993, p. 89
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and form lterated Systems in Norcross, Ga. But turning potential
to profit proved difficult. Iterated found a formidable competitor in
JPEG, an image compression technique developed by the International
Standards Organization's Joint Photographic Experts Group. JPEG
uses a well-understood mathematical procedure, the discrete cosine
transform, to compress files by 90 to 95 percent — equivalent to
compression ratios of 10:1 to 20:1. JPEG enjoys another advantage:
because it is an industry standard, it is free.

The mathematics behind fractal compression, on the other hand,
has only recently left the crib. “Relatively speaking, very little research
has been done to date,” Barnsley admits. “Two or three years ago,
when people looked at my pictures, they said. This stuff looks terrible;
it isn't going to work — you're dreaming. But we bet on continual
dramatic improvement, and we've seen it.”

Indeed, fractal compression has at last begun to challenge JPEG in
the three areas that matter: speed, quality and strength. To a certain
extent, the three are mutually exclusive — stronger compression yields
a smaller image file but takes longer and creates more artifacts. JPEG
takes as long to decompress an image as to compress it, and it produces
blocky “pixelation” as compression ratios rise above about 20:1.

Iterated takes a different tack. Its algorithm works by treating an
image as a jigsaw puzzle composed of many overlapping pieces, some
of which are similar. The software takes each piece and, using a fractal
formula, transforms its shape, size and color until it matches another
part of the picture. To do this for each piece of the puzzle takes some
time; fractal compression is quite slow. But it produces a much smaller
image file, which contains just the numbers needed to specify the
mathematical relations between the pieces, and not those needed to
actually draw each piece.

This approach has some unique advantages. Reconstructing the
image from the numbers is relatively quick work: Iterated's video
software can decompress tens of images each second without any
special hardware. Quality depends on the accuracy of the numbers;
giving the compression algorithm more time or a dedicated computer
processor thus yields better pictures. And the artifacts generated at
higher compression ratios add an impressionistic blur, rather than
blockiness, to the image. What is more, because fractal images are
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encoded by equations, they have no inherent size — an attractive
quality to publishers who want their products to work as well on a
laptop screen as on a 21-inch monitor. Barnsley expects that in the
long term, such resolution independence will prove irresistible.

REPEALING THE LAW OF AVERAGES?®?

by lan Stewart

Suppose | keep tossing a fair coin — one for which heads and tails
are equally likely, each having probability ? - and maintain a running
count of how many times each turns up. If at some stage | have tossed
100 more heads than tails, is there any tendency for tails to “catch
up” in future tosses? Some people talk of a law of averages, based on
the intuition that tosses of a fair coin ought to even out ultimately.
Others assert that coins have no “memory” — so the probability of
heads or tails always remains ? - and deduce that there is no tendency
whatsoever for the numbers to even out.

The same issues arise in diverse circumstances. If airplane crashes
happen on average once every four months and three months have
passed without one, should you expect one soon?

In all such cases, the answer is “no”. The random processes involved
— or, more accurately, the standard mathematical models of those
processes — do indeed have no memory.

Still, much depends on what you mean by catching up. A long
run of heads does not affect the probability of getting tails later
on. Even so, after a run of, say, 100 more heads than tails, the
probability that at some stage the numbers will even up againis 1. A
probability of 1 normally means certain, and a probability of 0 means
impossible. (In this case, we are working with a potentially infinite
list of tosses, so mathematicians prefer to say “almost certain” and
“almost impossible.”)

| hasten to add that there is also a sense in which coin tosses do
not have a tendency to even out in the long run. For example, after a
run of 100 more heads than tails, the probability that the cumulative
number of heads gets at least a million ahead of tails is also 1.

328cientific American, April 1998, pp. 102-104
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To analyze these apparent contradictions, take a closer look at
coin tossing. | flipped one 20 times, getting the result TTTTHTHH-
HHHHTTTHTTTH, with 11 Ts and 9 Hs. According to the law of
large numbers, the frequencies with which events occur should, in the
long run, be very close to their probabilities. Here the frequencies are
11/20 = 0.55 and 9/20 = 0.45 — close to 0.50 but not equal to
it. Perhaps my sequence doesn’t look random enough. You'd probably
be happier with something like HTHHTTHTTHTHHTHTHHTT, with
frequencies 10/20 = 0.50 for H or T. As well as getting the numbers
spot on, the second sequence looks more random. But it isn't.

The first sequence looks nonrandom because of long strings of the
same event, such as TTTT and HHHHHH, which the second sequence
lacks. But our intuition is misleading: random sequences often show
patterns and clumps. Don't be surprised by these. (Unless the coin
goes HHHHHHHHHHHH. . . for a long time, in which case the shrewd
guess is that it is double-headed.)

Suppose you toss four coins in a row. The illustration at the right
summarizes the possible results. The first toss is either H or T (each
with probability 1/2). Whichever of these happens, the second toss is
also either H or T. And so on. So for four tosses we get a “tree” with 16
possible routes through it. According to probability theory, each route
has probability ? x ? x 7 x 7 = 1/16. This result is plausible, because
there are 16 routes, and each should be equally likely.

Notice that TTTT has probability 1/16, and HTHH, say, also has
probability 1/16. So although HTHH looks more random than TTTT,
they have the same probability.

Again, if you toss a coin four times, on average you get exactly
two heads. Does this mean that two heads and two tails are highly
probable? No. In the illustration below, there are 16 different sequences
of Hs and Ts, and a total of six of them contain two heads: HHTT,
HTHT, HTTH, THHT, THTH, TTHH. So the probability of exactly
two heads is 6/16 = 0. 375. This is less than the probability of not
getting exactly two heads, which is 0.625. With longer sequences, this
effect becomes even more extreme.

Investigations of this kind make it clear that there is no law of
averages, in the sense that the future probabilities of events are not
changed in any way by what happened in the past. Still, there is an
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interesting sense in which things do tend to balance out in the long
run. Plot the excess of the number of Hs over the number of Ts by
drawing a graph of the difference at each toss. You can think of this
construction as a curve that moves one step upward for each H and
one down for each T. Such diagrams, in which the successive steps are
randomly chosen, are known as random walks.

The graph on the next page shows a typical random walk
corresponding to 10, 000 tosses. This kind of wildly unbalanced
behavior is entirely normal. In fact, the probability that in 10, 000
tosses one side leads for 9, 930 tosses and the other for only 70 is
about 1 in 10.

Random walk theory also tells us that the probability that the
balance never returns to 0 (that is, that H stays in the lead forever)
is 0. This is the sense in which the law of averages is true — but
it carries no implications about improving your chances of winning if
you're betting on whether H or T turns up. You don't know how long
the long run is going to be — except that it is most likely to be very
long indeed.

Suppose you toss a coin 100 times and get 55 Hs and 45 Ts — an
imbalance of 10 in favor of Hs. Then random walk theory says that
if you wait long enough, the balance will (with probability 1) correct
itself. Isn’t that the law of averages? No, not as that law is normally
interpreted. If you choose a length in advance — say, a million tosses —
then random walk theory says that those million tosses are unaffected
by the imbalance. Moreover, if you made huge numbers of experiments
with a million extra tosses, then on average you would get 500,055 Hs
and 500,045 Ts in the combined sequence of 1,000,100 throws. On
average, imbalances persist. Notice, however, that the frequency of
H changes from 55/100 = 0.55 to 500,055/1,000,100 = 0.500005.
The law of averages asserts itself not by removing imbalances but by
swamping them.

...Instead of tossing a coin, imagine | roll a die and count how
many times each face, 1 to 6, turns up. Assume each face has
probability 1/6, equally likely. When | start, the cumulative numbers
of occurrences of each face are equal — all 0. Typically, after a few
throws, those numbers start to differ. Indeed, it takes at least six
throws before there is any chance of them evening out again, at one
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of each. What is the probability that however long | keep throwing
the die, the six numbers at some stage even out again? | don’t know
the exact value, so here's a gap for Feedback to fill. But I'll show you
that it's certainly not 1.

For the die problem, we need to generalize the random walk to
more dimensions. The simplest random walk in the plane, for example,
takes place on the vertices of an infinite square grid. A point starts
at the origin and successively moves one step either north, south, east
or west, with probability ? for each. The graph on the preceding page
shows a typical path. A three-dimensional random walk, on a cubic
grid in space, is very similar, but now there are six directions — north,
south, east, west, up, down — each with probability 1/6.

It can again be shown that for a two-dimensional random walk,
the probability that the path eventually returns to the origin is 1.
Stanislaw M. Ulam (formerly of Los Alamos National Laboratory and
best known for his co-invention of the hydrogen bomb) proved that in
three dimensions, the probability of eventually returning to the origin
is about 0.35. (So if you get lost in a desert and wander around at
random, you'll eventually get to the oasis; however, if you're lost in
space, there is only a chance of one in three that you'll wander back
to Earth.)

Suppose we label the six directions of a three-dimensional random
walk according to the faces of a die — north = 1, south = 2, east
= 3, west = 4, up = 5 and down = 6. Repeatedly roll the die and
move through the grid in the specified direction. In this case, “return
to the origin” means the same number of 1s as 2s, the same number
of 3s as 4s, and the same number of 5s as 6s. The probability that this
eventually happens is therefore 0.35. So the stronger condition that all
six numbers occur equally often must have probability less than 0.35.

Even the simplest one-dimensional random walk has many other
counterintuitive features. Suppose you choose a large number of tosses
in advance — say, a million — and watch whether heads or tails is in the
lead. What proportion of the time, on average, would you expect heads
to take the lead? The natural guess is 1/2. Actually, this proportion
is the least likely. The most likely proportions are the extremes: heads
stays in front the whole time or none of the time!l
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THE SCIENCE OF MURPHY’S LAW?*

Life’s little annoyances are not as random as they seem: the awful truth is
that the universe is against you

by Robert A.J. Matthews

LOST ON THE FRINGES

One manifestation of the Murphy principle that is rather easy to explain
is Murphy’s Law of Maps, which might be expressed as, “If a place
you're looking for can lie on the inconvenient parts of the map, it
will.” The reason turns out to involve an interesting combination of
probability and optical illusion. Suppose that the map is square; the
“Murphy Zone” consists then of those parts of the map close to its
edges and down the central crease, where following roads to their
destination is most awkward.

Simple geometry shows that if the width of the Murphy Zone
makes up just one tenth of the width of the entire map, it nonetheless
accounts for more than half the area of the map. Hence, a point picked
at random on a map has a better than 50-50 chance of falling into the
Murphy Zone. This surprising result stems from the fact that although
the Murphy Zone looks rather narrow, its perimeter tracks the largest
dimension of the map, so the total area of this zone is deceptively
large.

Another example of Murphy’s Law that is relatively easily explained
is Murphy's Law of Queues: “The line next to you will usually finish
first.” Of course, if you stand in line behind a family of 12 shopping for
the winter, it is hardly surprising if all the other queues finish before
yours does. But what if your line is identical in length and makeup to
all the others? Surely then you'll be safe from Murphy's Law?

Sorry, but the answer is no. It is true that, on average, all the
queues will move at more or less the same rate — each being equally
likely to suffer from the kind of random delays that occur when, for
example, the cashier has to change the cash-register tape or a customer
wants to use a personal check drawn on an obscure bank to pay for a
pack of chewing gum. But during any one trip to the supermarket, we
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don’t care about averages: we just want our line to finish first on that
particular visit. And in that case, the chances that we've picked the
queue that will turn out to be the one least plagued by random delays
is just 1/N, where N is the total number of queues in the supermarket.

Even if we are concerned only about beating the queues on either
side of ours, the chances we'll do so are only one in three. In other
words, two thirds of the time, either the line to the left or the one on
the right will beat ours.

Probability theory and combinatorics, the mathematical study of
arrangements, hold the key to another notorious example of Murphy's
Law: “If odd socks can be created, they will be.” Anyone who has
hunted through a drawer looking for a matching pair will have been
struck by the ubiquity of odd socks. Popular folklore has blamed
everything from gremlins to quantum black holes. Yet it is possible
to probe the mystery of odd socks without knowing anything about
where they go.

To see how, imagine you have a drawer containing only complete
pairs of socks. Now suppose one goes missing; don’t worry about where
or how. Instantly you have an odd sock left behind in the drawer. Now
a second sock goes missing. This can be either that odd sock just
created or — far more likely — it will be a sock from an as yet unbroken
complete pair, creating yet another odd sock in the drawer.

Already one can see signs of a natural propensity that can be
confirmed by combinatoric analysis. Random sock loss is always more
likely to create the maximum possible number of odd socks than to
leave us free of the things. For example, if we started with 10 complete
pairs, by the time half our socks have gone missing, it is four times
more likely that we will be left with a drawerful of odd socks, rather
than one containing only complete pairs. And the most likely outcome
will be just two complete pairs lost among six odd socks. No wonder
matching pairs can be so difficult to find in the morning.

Probability theory also casts light on Murphy's Law of Umbrellas:
“Carrying an umbrella when rain is forecast makes rain less likely to
fall.” With meteorologists now claiming rain-forecast accuracy rates of
more than 80 percent, it seems obvious that taking an umbrella on
their advice will prove correct four times out of five. This reasoning,
however, fails to take into account the so-called base rate of rain. If rain
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is pretty infrequent, then most of the correct forecasts that resulted in
that impressive 80 percent accuracy figure were predictions of no rain.
This is hardly impressive (especially in, say, Phoenix or San Diego).

DON'T TAKE THE UMBRELLA

Thus, when deciding whether to take an umbrella, you need to take
into account the probability of rain falling during the hour or so you
are on your walk, which is usually pretty low throughout much of the
world. For example, suppose that the hourly base rate of rain is 0.1,
meaning that it is 10 times more likely not to rain during your hour-long
stroll. Probability theory then shows that even an 80 percent accurate
forecast of rain is twice as likely to prove wrong as right during your
walk — and you'll end up taking an umbrella unnecessarily. The fact
is that even today's apparently highly accurate forecasts are still not
good enough to predict rare events reliably.

Captain Murphy was perhaps justifiably irritated by what in his
view was the trivialization of his worthy principle for safety-critical
engineering. Nevertheless, | believe the popular version of his law is
not without merits.

That many of the manifestations of Murphy's Law do have some
basis in fact suggests that perhaps scientists should not be so hasty
to explain away the experience of millions as mere delusion. And with
many of the explanations based on disciplines ranging from rigidbody
dynamics to probability theory, analysis of various manifestations of
Murphy's Law may also help motivate students to study otherwise dry
topics.

But perhaps the most important lesson behind Murphy’s Law is its
light-hearted demonstration that apparently trivial phenomena do not
always have trivial explanations. On the whole, that is not such a bad

legacy.

ROBOTICS IN THE 2157 CENTURY

Automatons may soon find work as subservient household help

by Joseph F. Engelberger
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Since Unimation, Inc., installed the first industrial robot in 1961
to unload parts from a die-casting operation, more than 500,000
similar constructs have gone to work in factories around the world.
They are common sights in chemical processing plants, automobile
assembly lines and electronics manufacturing facilities, replacing
human labor in repetitive and possibly dangerous operations. But how
will robotics evolve in the immediate decades ahead? Can it move
from the industrial setting to serve people in their daily lives?

In his story “There Will Come Soft Rains,” Ray Bradbury forecast
that our homes would become enveloping automaton systems that
could outlast the human inhabitants. Isaac Asimov came to different
conclusions. In his robot novels, Asimov envisioned stand-alone robots
that would serve and mingle with humans to our everlasting mutual
benefit. The answer can be gleaned from real-world experience coupled
with the speculations of these two science-fiction giants.

Finding first for Bradbury, we already have the Smart House
project, an (expensive) option for home buyers in which a central
computer optimizes heat, light, air conditioning and security. Add
automatic control of communications, entertainment, data seeking
and shopping in cyberspace, and seemingly much of Bradbury's
conjecture is justified.

But not completely. Bradbury's house went further, offering
automated cooking, cleaning and personal hygiene. A slew of little
robot mice, for instance, would dart out from the baseboards
throughout the house to pick up dirt. Human occupants literally did
not have to lift a finger.

Such physical intervention, however, is where Bradbury's vision
loses some credibility. Although we already have automation in washing
machines, dishwashers, coffeemakers and so forth, these devices are
loaded manually, with human hands. Robotic mice that do away with
dust might be technically feasible at great cost, but it seems more
practical to push around a vacuum cleaner every so often.

In that regard, | think Asimov’s scenario becomes more likely.
Rather than a specialized device, a household robot would be a stand-
alone automaton. It would do the chores just as we do, using the same
equipment and similar tools and responding to spoken commands and
supplying verbal reports.
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Therefore, the robots that serve us personally in the near future will
of necessity be somewhat anthropomorphic, just as Asimov envisioned.
To share a household with a human, the robot must be able to travel
autonomously throughout the living quarters, to see and interpret
needs, and to provide materials and services with a gentle and precise
touch.

It may be that before the early decades of the 21st century
become history, some profound invention will alter robotics. But it
behooves this would-be oracle to stay within the bounds of current
technology and logical extensions thereof. And that is not much of
a constraint! Roboticists have a substantial toolbox in hand today
— low-cost electronics, servomechanisms, controllers, sensors and
communications equipment, to name just a few categories. Moreover,
these instruments of construction are steadily evolving, particularly
those in sensory perception. Active and passive beacons, stereo vision
and even a receiver for the Global Positioning System (a network of
satellites that broadcasts positional information) will enable a robot to
navigate its environment effortlessly. Voice synthesis and recognition
will ensure understanding of the human overseer's needs. Safety
precautions, such as rules similar to Asimov’s three laws of robotics —
which can be loosely paraphrased as “Protect humans; obey humans;
protect yourself” — can readily be embedded.

WHAT IS THE SIGNIFICANCE OF FE = MC?? AND
WHAT DOES IT MEAN?3

by Ronald C. Lasky

It is the most famous equation in the world. Many can recite it —
and attribute it to Albert Einstein — but few know its significance.

It tells us that mass and energy are related, and, in those rare
instances where mass is converted totally into energy, how much energy
that will be. The elegance with which it ties together three disparate
parts of nature — energy, the speed of light and mass — is profound.

Here is where the equation of all equations comes from:

348cientific American, April 2007, p. 23
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It was known for some time before Einstein's insights that
electromagnetic radiation (light, for example) possessed momentum.
This quality of radiation is small in magnitude — after all, you needn’t
worry about being knocked over by sunlight — but easily measurable.
Applying an understanding of light's momentum within a little thought
experiment, it is possible to see how E = mc? comes about.

Consider a cubic hollow box at rest in space with sides of length D
and a mass of M. This box is also symmetrical in its mass distribution.
One of the faces inside the box is coated with a fluorescing material,
and, at a given moment, a photon (i.e., a particle of light) is emitted
from that material, perpendicular to its surface. The momentum of
this photon causes the box to move in the opposite direction as the
photon, and it continues to move until the photon hits the opposite
wall. During this time the box moves a very small distance, Azx.

Newton's laws of mechanics tell us that the center of mass cannot
move, because the box has not been acted upon by an outside force.
However, in order to keep the center of mass constant, since the box
has moved, some mass must have been transferred from the fluorescing
side of the box to the absorbing side in the process of generating the
photon and its striking the opposite side. Therefore the photon must
have a mass, m.

So the photon, which also possesses energy FE, is emitted from the
fluorescing side of the box. Its momentum, Pypoton, is equal to its
energy divided by the speed of light: Pypoton = E/c. The photon will
impart this momentum to the box, causing the box to move a small
distance, Az, during the time, ¢, in which the photon travels to the
opposite side of the box. The momentum of the box, Py, is also equal
to its mass, M, times the velocity, vy, at which it moves before the
photon strikes its target. (Note: The box loses the photon's mass, m,
during this process, but this slight loss can be neglected here.) Hence:

Ppnoton = Proz = E/C = Mupoz

Then vpoy, = E/cM (1)

We can also determine the time it takes for the photon to travel
across the box: it is equal to the length, between parallel faces, of the
box (which is D), minus the amount the box moved in the opposite
direction (Az), divided by the speed of light, ¢. (The target will
essentially have moved a slight distance closer, meaning the photon
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did not have to travel the full distance D.):

as:

t=(D—-Azx)/c
But, since Ax is a minute fraction of D, we essentially get:
t=D/c(2)

Now, since vpo, = Ax/t, using equation 2, vy, can be restated

Vbox = AJ)C/D (3)

Substituting equation 3 for the term wp,, in equation 1:

Axe/D = E/cM

Next, we rearrange the terms to get:

AxzM = ED/c? (4)

Assuming the center of the box is initially at = = 0, this position

is also the center of mass, x,,. After the photon event, the box moves
Az to the left, as shown in the figure below, and the equivalent mass
of the photon, m, is deposited on the opposite side. As mentioned
above, we recall from Newton's Laws that the center of mass must
not change, because the box is not acted upon by an outside force.
This concept is expressed in the center of mass equation below. The
center of mass is at z = 0 in the left half of the equation and it is
still at O after the photon strikes the opposite wall as described in the
right half of the equation.

LTm,initial = Tm, final

0=(—MAz —mAz+mD)/M
Grouping like terms:

0= (mD — (M +m)Ax)/M

Solving for Az:

Az =mD/(M +m)

Since m is extremely small:

Ax =mD/M (5)

Substituting equation 5 into equation 4:
(mDM)/M = ED/c?

The mass of the box and D cancel out, leaving:

m=FE/c?
Which rearranges to:
E =mc%.
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SIERPINSKI'S UBIQUITOUS GASKET?®

by lan Stewart

Strange numbers, strange shapes: these are the things that give
mathematics its allure. And, even more so, strange connections —
topics that seem totally different yet possess a hidden, secret unity. One
of my favorite examples is Sierpinski’s gasket of a triangular shape. In
the term made famous by mathematician Benoit B. Mandelbrot, the
shape is a fractal — it can be divided into parts that are smaller versions
of the whole. But Sierpinski's gasket also has connections with self-
intersections of curves, Pascal's triangle, the Tower of Hanoi puzzle,
and the curious number 466/885, whose numerical value is roughly
0,52655. This number should be on everyone’s list of “numbers that
are more significant than they seem,” alongside , e, the golden number
and so on.

Polish mathematician Waclaw Sierpinski introduced his gasket
in 1915. It's easy to draw one: split an equilateral triangle into four
triangles by connecting the triangle’s midpoints, then remove the
central triangle and repeat the procedure on the remaining triangles.
If you do this an infinite number of times, you will end up with a curve
that crosses itself at every point — a classic instance of a geometric
property so counterintuitive that such shapes were originally known
as pathological curves. Strictly speaking, the Sierpinski gasket crosses
itself at every point except the three corners of the largest triangle.
Sierpinski's answer to this objection is that if six copies of this triangle
are arranged to form a regular hexagon, then the result is a curve
that crosses itself at every point. Recently researchers have designed
antennas in the shape of Sierpinski’'s gasket to take advantage of its
jagged form.

Earlier, in 1890, French mathematician E'douard Lucas discovered
a theorem that provides a connection between Sierpinski's gasket and
the celebrated Pascal’s triangle, in which each number is the sum of the
two above it. These numbers are more technically known as binomial
coefficients, and the kth entry in row n (where we number the rows and
entries starting with 0 rather than 1) is the number of different ways to

358cientific American, August 1999, pp. 90-91
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choose k objects out of n. Lucas asked, When is a number in Pascal’s
triangle even or odd? The results are striking and surprising. The odd
binomial coefficients look extraordinarily like a discrete version of the
Sierpinski gasket.

One curious consequence is that nearly all binomial coefficients are
even — that is, as the size of Pascal's triangle gets ever larger, the
ratio of odd coefficients to even coefficients gets closer and closer to
zero. The reason is that since the gasket is a curve, its area, which
in the limit represents the proportion of odd binomial coefficients, is
zero. David Singmaster of London’s South Bank University has taken
this observation further, proving that for any m, almost all binomial
coefficients are divisible by m.

Lucas seems to have been haunted, albeit unwittingly, by
Sierpinski's gasket. In 1883 he marketed the famous puzzle known as
the Tower of Hanoi under the pseudonym “M. Claus” (the surname
being an anagram of his own.) The puzzle consists of eight (or fewer)
disks mounted on three pins and it is an old favorite of recreational
mathematicians. The disks are arranged on one pin in order of size,
and they have to be moved one at a time so that no disk ever sits on
top of a smaller one. The object of the puzzle is to move all the disks
to a different pin from the one they started from.

It is well known that the solution has a recursive structure. That
is, the solution of (n + 1)-disk Hanoi can be simply deduced from
that for n-disk Hanoi. For instance, suppose you know how to solve
three-disk Hanoi, and you are presented with the four-disk version.
Start by ignoring the bottom disk and use your knowledge of three-
disk Hanoi to transfer the top three disks to an empty pin. Then move
the bottom disk to the other empty pin. Now use your knowledge of
three-disk Hanoi to transfer the top three disks to that same pin, on
top of the bottom disk.

We can interpret this recursive structure geometrically, which is
where the connection with the gasket comes in. For any puzzle of this
general type, with moving objects and a finite number of positions, we
can draw a graph: a collection of nodes (dots) joined by edges (lines). In
a Tower of Hanoi graph, the nodes are the possible legal positions of the
disks, and the edges represent the legal moves between positions. For
n-disk Hanoi, call this graph H,,. What does it look like? Consider H3,
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which describes the positions and moves in three-disk Hanoi. Number
the three disks 1, 2 and 3, with 1 being the smallest and 3 the largest.
Number the pins 1, 2 and 3, from left to right. Suppose that disk 1 is
on pin 2, disk 2 on pin 1, and disk 3 on pin 2. The rules imply that
disk 3 must be under disk 1. Thus, we can represent this position in
the game by the sequence 212, the three digits in turn representing the
pins for disks 1, 2 and 3. Each position in three-disk Hanoi corresponds
to a similar three-digit sequence. There are 33 = 27 positions, because
each disk can be on any pin, independent of the others.

What are the permitted moves from position 2127 The smallest
disk on any pin must be at the top; we cannot move disk 2 to pin 2,
for example, because it would then lie on top of the smaller disk 1.
From position 212 we can make legal moves only to 112, 312 and 232.
The graph Hs shows all the possible moves from all 27 positions. It
consists of three copies of a smaller graph, Hs, linked by three edges
to form a triangle.

Each smaller graph Hs has a similar triple structure, and this is a
consequence of the recursive solution. The edges that join the three
copies of Hj together are the stages at which the bottom disk is moved,
and the three copies of H> are the ways you can move the top two
disks only — one copy for each possible position of the third disk. The
same goes for any H,,: it is made from three copies of H,,_1, linked
in a triangular manner. As the number of disks becomes larger and
larger, the graph looks more and more like Sierpinski’s gasket.

We can use the H,, graph to answer all kinds of questions about
the Tower of Hanoi puzzle. For example, the graph is clearly connected
— all in one piece — so we can move from any position to any other.
The minimum path from the usual starting position (one corner of the
largest triangle) to the usual finishing position (another corner) runs
straight along one side of the graph and consists of 2" — 1 edges.
Hence, the puzzle can be solved in a minimum of 2™ — 1 moves.
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