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[Tocnenuue noctwxkenuss B oobnactu ¢usuku = Latest Developments in
Physics. Meronuueckne yka3zaHus K TPaKTUYECKUM 3aHATHSAM 10 JUCLMIUIAHE
«AHTIMUCKUN A3bIK» 1 cTyneHToB Il kypca cnennanbHOCTH «@DPU3MKA» THEBHOU
dopmbl  00yueHuss u mnpoasuHyroro srtama oo0yudenus (POII) / Cocr. P.B.
KambimiaukosB. — CeBacronoib: M3a. CesHTY, 2010. — 36 c.

Meroauueckre yka3zaHHUs NpeJAHA3HAYEHBbI JJII CaMOCTOSITENIBHOW paOOThI
cryneHtoB Ha Il kypce. UMX nenpto SBISETCA IIPUBUTHUE HABBIKOB YTCHUS,
MMOHUMAaHUsS M TIEPEBOJAA JIMUTEPATYpPhl MO CIEHHAIBHOCTHA, OOYUYEHHUS] aKTHUBHOMY
BJIAJICHUIO SI3BIKOBBIM MAaTE€pUajioM, BEICHHIO Oecellbl Ha AHIJIMICKOM S3bIKE B
Ipelesiax pacCMaTpUuBaEMbIX TEM, O3HAKOMJICHUE C IOCIECIHUMU TOCTHKEHUIMHU
YUEHBIX BEIYIIUX CTPaH B 00J1acTU (PU3UKH.

Meronuueckue yka3aHUsT PACCMOTPEHBI W YTBEPXKIEHbI Ha 3aceJIaHuu
kadenps! [IPT'A (mporokon Ne_ ot 2010 r.).

Jonymeno ydebHo-metoanueckuMm I1ieHTpoM CeBHTY B kauectBe
METOJIUYECKUX YKa3aHUMU.

Peuenszent: Cononona E.C., nouent kadenpsl Teopun u nNpakTUKH NEpeBOIa
CeBacTonobCKOro HalMOHAIBHOTO TEXHUYECKOT0 YHUBEPCUTETA.
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BBEAEHHUE

Meroauueckue ykazaHHs TpEJHA3HAUYEHbl I MPAKTUYECKUX 3aHATUH IO
aHIIIMICKOMY s3bIKYy cTyneHToB II kypca cnemumanbHOocTH «DuU3MKa» JHEBHOU
(dopMbl O0yUEHHUsI, a TaKKe€ CTYACHTOB CHEUUATBLHOCTH «Du3nka» mpoJBUHYTOTO
sTana o0y4eHusl.

[lenp METOOMYECKUX YKa3aHUM 3aKIIOYaeTCs B MOJTOTOBKE CTYAEHTOB K
MMOHUMAHHIO HAYYHO-TEXHUYECKUX TEKCTOB IO CIEHHAIBHOCTH, CUCTEMATH3AlUU U
0000IIeHNH JIEKCUYECKOr0 Marepuaia, OOy4eHUM MOHOJIOTHYECKOM peuH, a TaKKe
BeJICHUU Oecell Ha TEMY MOCIEIHUX TOCTUKEHUHN B 00J1acTU (PU3UKHU.

Meroanueckre yka3aHUsi COCTOSIT U3 BOCBMU YPOKOB, KaXIblid U3 KOTOPBIX
BKJIFOUAE€T TEKCThl Il YTEHHs, IEpPEeBOJAa M INOCIEAYIOLIEro IepecKkasa Hu
0o0CYyXJEeHUs, JIEKCUUECKUE YNPAKHEHUs, 3aJaHus, CBS3aHHBIE C AaKTUBH3aLMEH
YCTHOM peuu cTyAeHTOB. [[porpaMmMy 3aBepiiiaeT UTOrOBBIN TECT, HAIIPABJICHHBINA HA
MIPOBEPKY YCBOEHUs MH(MOpPMAIMU M JIEKCUKH, COAEprKalleics BO BCEX BOCHBMU
YpOKax.

Cucrema yrnpaxHEHUH Ha MNPEATEKCTOBOM, TEKCTOBOM M IOCIETEKCTOBOM
sTanax padoThl HapaBjieHa HAa YCBOCHHUE CIEUUAIBbHOM JIEKCUKH, (POPMHUPOBAHHE
HAaBBIKOB NMPO(ECCUOHATBLHON YCTHOM peYH, pa3BUTHE CBOOOJHOW OpPHUEHTALIUM B
TEKCTax IO CHEUUAIbHOCTH.
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LESSON 1.
DISCOVERY OF LATERAL REPULSIVE FORCE OF LIGHT

Words and word combinations:

applied sciences — npukiIaHbIe HAYKA
repulsive effect — orTankuBaromiee aeiicTpue
to crown with — 3aBepmuTh (4eM-J1. )
nanodimensional — HaHOpa3MepHBIii
waveguide — BOJTHOBOJI

nanophotonics — HaHOOTOHHKA

lateral force of light — 6okoBas cuna csera
frontal light pressure — (hpoHTaNBHOE NaBIEHNE CBETA
optical binding forces — onTUuecKkre CBSA3BIBAIOIINE CUIIBI
magnetic — MPUTATUBAIOIIHIA

adjacent — cocegHuUM

to capture — 3axXBaTHIBaTh, JJOBUTH

at the request — 1o >xenaHuIO

quantum fluctuation — kBaHTOBOE KoJicOaHUE
to disjoint — pa3neauThb

loop — nerins

to dislocate phase — cmemars ¢azy

to transmit — nepenaBaTh

character — 30. 3HaK IUIIOC WM MUHYC
regularities — 3aKOHOMEPHOCTH

to draw — mpuTsATrUBaTH
economically-attractive — 5KOHOMUYHBIH

TEXT

In July 2009, the American scientist of Chinese origin Dr. Hong Tang and his
team from Engineering and Applied Sciences School, Yale University,
experimentally discovered the repulsive effect of light. With this, they crowned the
image of bipolar interaction of near-located nanodimensional waveguides, where
certain radiation beams pass.

In 2008, Dr. Tang and his colleagues combined such two sciences as
nanomechanics and nanophotonics (branch of nanooptics that deals with the light
reaction in nanodimensions), and created the device to control the position of
components with the help of lateral force of light perpendicular to the beam.
However, this interaction of electromagnetic waves and optical system should not be
mixed up with the frontal light pressure to the surface of any object, discovered in
the beginning of the XX century.
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Theorists all over the world predicted the existence of lateral forces, or optical
binding forces, since 2005, and it was supposed that they might be either repulsive,
or magnetic. The latter forces were discovered last year. And now the same group of
scientists constructed the microscopic device to demonstrate not only magnetic
effect, but also repulsive forces between two adjacent light beams captured inside
the waveguides. Moreover, the physicists found the way of forces regulation at their
request.

The scientists actually proved the existence of bipolar force of light with
repulsive and magnetic components. In their explanation, optical binding forces are
linked with Maxwell equations, and in their physical essence the above stated forces
are relatives of Casimir force, which appears owing to quantum fluctuation in the
vacuum.

To show the new force, scientists disjointed the infra-red laser beam into two
separate streams in silicon waveguides with different length. In the end of that loop
the waveguides came close to each other (the distance was changed in the number of
experiments). In that moment two adjacent beams dislocated their phases relatively
to each other.

The experimenters found out that subject to the value of the dislocation the
lateral force of beams interaction they transmitted to their waveguides, also changed
in value and in character. Though the force was only a few piconewtons in its value,
the physicists managed to measure it and recognize its regularities. Thus, the new
force depended on the phases dislocation, radiation power, and distance between
waveguides.

Dr. Wolfram Pernice, one of the authors of the experiment, stated that the
forces of light interaction intrigued scientists as they worked in the opposite way to
the charged objects. The contrary charges draw each other, and the light beams with
dislocated phases are repulsed.

Dr. Tang’s collaborators consider their technology is necessary in production
of prompt, compact and economically-attractive telecommunication devices. In such
circuits, components might interact with each other owing to the light captured in
waveguides. So, in future this method will reduce the number of conductors greatly.

1. Answer the following questions:
1) When did Dr. Tang’s team create the device to control the position of
components?

2) What experiment took place in Yale University in July 2009?

3) Who predicted the existence of optical binding forces?

4) State the aim of creation of the microscopic device by the group of scientists.
5) How are optical binding forces connected with Casimir force?

6) In what way did scientists show the new force?

7) Describe the changes of the lateral force.

8) Why do the scientists think the forces of light interaction intrigue them?

9) What is the future application of the above stated discovery?

OHA
o 4y

g

CEBACTONMILCHKEAH
Tﬁh—_‘p
wl WHHRIHXAL &

A

G

Create PDF files without this message by purchasing novaPDF printer (http://www.novapdf.com) %ﬁ;‘



http://www.novapdf.com
http://www.novapdf.com

2. Use the correct words from the text:

1) Scientists constructed the microscopic device to demonstrate not only ... effect,
but also ... forces between two light beams captured inside the waveguides.

2) With this, they crowned the image of bipolar ... of near-located nanodimensional
waveguides, where certain ... beams pass.

3) The light beams with ... phases are repulsed.

4) Physicists predicted the existence of lateral forces, or ... ... forces.

5) The technology is necessary in production of ..., compact and
telecommunication devices.

6) Though the force was only ... piconewtons in its value, the physicists ... to
measure it.

3. True or false?

1) The frontal light pressure to the surface of any object was discovered in the
beginning of the XIX century.

2) The physicists proved the existence of bipolar force of light with magnetic
components.

3) Dr. Tang stated that the forces of light interaction intrigued scientists greatly.

4) Nanophotonics is the branch of nanomechanics.

5) The new force depended on the phases dislocation, and distance between
waveguides only.

6) In future the technology will be wused in production of compact
telecommunication devices.

7) Two adjacent beams dislocated their phases relatively to each other in the end of
the loop.

8) Optical binding forces are linked with Maxwell equations.

9) The lateral force of beams interaction was a few micronewtons in its value.

4. Match words with their meanings:

1) science a) unit of force

2) device b) putting to a special or practical use

3) repulsion c¢) something thought out or invented for a special purpose
4) prompt d) ray or stream of light from any object

5) equation e) acting or done without delay

6) newton f) knowledge arranged in an orderly manner

7) beam g) statement of equality between two expressions

8) application h) tendency of bodies to repel each other

5. Translate from Russian into English:

1) Ilo ¢usmyeckol CyTH JaHHBIE CHJIBI SBJSIOTCA POJCTBEHHUKAMH CHJIbI
Kaszumupa, koTopas mosiBisieTcsl M3-3a KBAaHTOBBIX KoJieOaHWil B BakyyMme. 2) OnuH
M3 aBTOPOB DKCIEPUMEHTA CUMTAIl, YTO CHJIbI B3aUMOJCUCTBUS CBETa UHTPHUIYIOT, ...
TIOCKOJIBKY PaGOTaIOT MPOTHBOMOIOKHEIM 00Pa30M 1O CPABHEHHIO C 3aPSUKCHHBIMIL §

e
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tenamu. 3) Jloktop XyH TaH u ero KoJieru NoCTpOMIN yCTPOMCTBO, B KOTOPOM JIJIst
KOHTPOJISI MOJIOKEHHUSI KOMIIOHEHTOB NMPUMEHSUIACh OOKOBAasi CHJIa BO3JIEUCTBUS CO
CTOpPOHBI ~ CBeTa, mepneHaukymspHas  aydy. 4) KommnoHeHTsl  MOryT
B3aMMOJICMCTBOBATh JIPyr C JpyroM 0€3 NpUMEHEHUsT MNPOBOAHUKOB. S5) Jlid
MIPOSIBJICHUSI 3TOM HOBOM CUJIBI YYEHBIE pa3AC/IMIIA JIyd UHGPAKPACHOTO Jiazepa Ha
JIBa OTJEJIbHBIX MOTOKAa. 6) BokoBasg cuia B3aMMOJEWCTBUSL ITyYKOB MEHSETCA B
3aBUCUMOCTH OT BEJIMYMHBI MX cABUra no ¢aze. 7) YUYEHbIM yaalloch U3MEPUTH
HOBYI0O CHJIly M YyCTaHOBUTh psAn €€ 3aBucuMocTed. &) PesynbTaThl
AKCIIEPUMEHTAIBHOTO OTKPBITUS MOTYT NMPUMEHSTHCS B MPOU3BOACTBE OBICTPHIX U
SKOHOMUYHBIX KOMMYHUKAIIMOHHBIX YCTPOWCTB. 9) biu3ko pacnoyioKeHHbIE
HAaHOpa3MepHbIE BOJHOBOJbI UCHOJIB30BAIUCH Ui ONPEHCICHHUS CBOWCTB HOBOWU
cuibl cBera. 10) Ecam Obl skcnepuMeHT KoMaHIbl TaHa mnpoBaidwics, Y4E€HBIE
MOBTOPHJIN OBl €T0 MOCJI€ YCOBEPIICHCTBOBAHUS CBOEH TEOPHH.

6. Discuss the following topics:

1) Further possibilities of lateral repulsive force of light.

2) Use of modern physical discoveries in production.

3) Other economically-attractive propositions from modern physicists.

LESSON 2.
QUASI-THREE-DIMENSIONAL ELECTRONIC CRYSTAL

Words and word combinations:

fundamentally — npunIMunuansHoO
quasi-three-dimensional — kBa3uTpexMepHbIii

to entail — mpuBOIUTH K (UEMY-IL.)

speeding-up — yckopeHue

uncommonness — HEOOBIYHOCTh

genuine — HaCTOSAIIUM

intermediate area — mpoMeKyTO4YHas cpeaa

to place under — mpuBeCTH B COOTBETCTBUE C (UEM-JL.)
two-dimensional — ABymepHbIi

to squeeze — MPOTUCKUBATHCS

in plane — B miockocTH

ultra low — cBepXHHU3KHIA

intergalactic space — MeXrajJakTH4eCKOe MPOCTPAHCTBO
neodymium — HeOAUM (XUMUYECKUIN JIEMEHT)

boron — 60op

positive in mind — yOex1eHHBIN

inexpensively — 3koHOMHO

to evade — o0oHTH, N30E€KaTh
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TEXT

A year ago the Canadian physicists of McGill University, Montreal, headed by
Dr. Guillaume Gervais, discovered fundamentally new state of substance and named
it quasi-three-dimensional electronic crystal. Such a phenomenon occurs owing to
the strong influence of magnetic field upon a cooled semiconductor. This discovery
may entail the speeding-up of electronics development.

The real uncommonness of the discovery is that this state of substance is not
genuine three-dimensional one. It represents intermediate area, and the new task for
theorists now is to place the available models under the present situation. The
discovery originates from the so-called two-dimensional electronic crystal received
on the basis of numerous experiments of the Canadian scientists in 1990s.

To understand the principle of the two-dimensional electronic crystal, let’s
imagine a sandwich with electrons instead of ham. In such a system the electrons
squeeze between two materials, so the crystal is named two-dimensional. The
electrons may move in plane only, like billiard-balls on the surface of the table.
They have certain thickness, but it 1s impossible for them to move up and down.

In new experiment the scientists cooled the two-dimensional electronic crystal
up to the ultra low temperature, 100 times lower than the temperature of
intergalactic space that makes minus 270 degrees Celsius. Then the material was
placed to the magnetic field produced by the most powerful magnet in the world in
the US National Laboratory, Florida. The magnet is made of the alloy of
neodymium, iron, and boron that are considered to be the most suitable magnetics.
As a result, the electrons received new ability to move in earlier prohibited
directions, and the two-dimensional system inside the semiconductor transformed
into the quasi-three-dimensional one.

The scientists are positive in mind that their discovery may result in a new
stage of electronics development. Particularly, it will allow preserving the effect of
Moore’s Law. According to it, the number of transistors that can be placed
inexpensively on an integrated circuit has doubled approximately every two years
owing to the decrease of their dimensions. The only disadvantage is that the physical
properties of transistors change on reaching nanodimensions, and Moore’s Law
ceases its effect. The quasi-three-dimensional electronic crystal will give the chance
to evade such limitations.

1. Answer the following questions:

1) When did the Canadian scientists make the important discovery and what was its
core?

2) What is the unordinariness of the discovery?

3) How can we understand the principle of the two-dimensional electronic crystal?
4) The temperature used in new experiment was -270 degrees Celsius, wasn’t it?

5) Name the components of the alloy for the most powerful magnet. Why did the
scientists use just them?
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6) What is the disadvantage of Moore’s Law?
7) Why are the scientists positive in mind that their discovery will give the chance to
evade Moore’s Law limitations?

2. Use the correct words from the text:

1) The electrons received new ability to move in ... ... directions.

2) It takes place owing to the strong influence of ... field upon a ... semiconductor.
3) The number of ... has doubled approximately every two years.

4) Scientists cooled the ... electronic crystal up to the ... temperature.

5) The ... may move in plane only.

6) The only ... is that their physical properties change on reaching ....

3. True or false?

1) The quasi-three-dimensional crystal will give the opportunity to avoid some
limitations.

2) In all physical systems the electrons usually squeeze between two materials.

3) In 1990s scientists cooled the two-dimensional electronic crystal up to the ultra
low temperature.

4) New discovery may entail the speeding-up of chemistry development.

5) The very powerful magnet is made of the alloy of some metals.

6) Some scientists are negative in mind concerning the discovery.

7) Dr. Gervais was the head of the group of researchers from the USA.

8) It 1s impossible for the electrons to move to the left and to the right.

9) Nanodimensions influence the physical properties of transistors.

4. Match words with their meanings:

1) electron a) factual statement of what always happens in certain
circumstances

2) dimension b) substance able to attract iron

3) law c) new stage which is the result of some activity

4) crystal d) particle of matter, smaller than an atom, with a negative
electric charge

5) magnet e) small electronic device used in different kinds of electronic
apparatus

6) circuit f) definite and regular shape taken naturally by the molecules of

some substances
7) development  g) measurement of any sort
8) transistor h) closed path for an electrical current

5. Translate from Russian into English:

1) HemaBHO (U3MKH OTKPBHUIM MNPUHLUUIHAIBHO HOBOE COCTOSIHUE MAaTepHH, O
KOTOPOM HE YIOMHHaJIOCh paHee. 2) TeopeTuku coOuparoTcss NpPUBECTH B
COOTBETCTBUE C HOBBIM OTKPBITUEM CTaHJapTHhIe cuTyanuu. 3) Hecmorps Ha TO.S
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YTO AJIEKTPOHBI UMEIOT OIPEICICHHYIO TOJIIMHY, OHA MOTYT JBHUTaThCS TOJIBKO B
IJIOCKOCTH. 4) VYdyeHble OXJIAJWIW JBYMEPHBIM SJICKTPOHHBIM KPUCTALI JI0
CBepxHHU3KOW Temneparypsl, B 100 pa3 HMKe TeMIlepaTypbl MEXTaIaKTHUECKOTO
npocrpanctBa. 5) [lo ciioBaM y4eHBIX, 3TO OTKPBITUE MOXKET IMPHUBECTU K HOBOMY
JTany B pa3BUTHM 3JeKTpoHUKU. 6) CormacHo 3akoHy Mypa, KOJIMYECTBO
TPAH3UCTOPOB HA KPUCTAIUIE YABAUBACTCSA KaXIbIE JIBA T'OJA 3a CYET YMEHBIIECHUS
ux pasmepoB. 7) Jloktop I'mitom JKepBe HCHoNBb30BaI B CBOEM JKCIIEPUMEHTE
KpYIHEUIIUN B MUPE MarHuT, U3TOTOBJICHHBIA U3 CIUIaBa HECKOJIIBKUX METAJUIOB. 8)
[IpomexxyTouHasi cpena MOXKET ObITh BBISIBIIEHa B JaOOPATOPHBIX YCJIOBHUSIX IMPH
HaJu4YuM oOmpenesiéHHoro obopyaoBanusa. 9) Eciau cuiabHOE MarHuTHOE IIOJIE
BO3JCMCTBYET HA OXJAXKICHHBIM NOJYIPOBOAHUK, 3TO IPUBOJIUT K TMOSBICHHIO
KBa3UTPEXMEPHOTO  JJIEKTPOHHOro  Kpucrayuia. 10) VYckopeHue pa3BUTHUSA
ANEKTPOHUKU HAIPSMYIO 3aBUCHUT OT MOCIEIHUX JOCTHKEHUW YYEHBIX B 00JIaCTH
(pu3uKy.

6. Discuss the following topics:

1) Moore’s Law and its consequences.

2) New generations of crystals.

3) Use of the most powerful magnets all over the world.

LESSON 3.
ATOMIC CHANGES IN NANOWIRES

Words and word combinations:

nanowire — HaHOTIPOBOIHUK, HAHOHUTH

parity — paBeHCTBO

ferromagnetic — (heppoMarHUTHBIN

logic gates — nornueckue Bopota (KommnbroTepHas Gpynkius on/off)
odd numbers — HeueTHbIE YKCIIa

even numbers — 4YeTHbIC YUCIIa

incredible — HeMbICTMMBII

reversible — oOpaTumbIii

frustration — 30. HeBocHpuUsITHE

suspended — moiBEMICHHBIH

substrate — ocHOBaHHe€

fragile — xpynkuii

Density Functional Theory — ¢pyHk1IMOHaNBbHAS TEOPUS IITIOTHOCTH
tuning — HacTpoiKa

to succeed in — mpeycneBarh B (4eM-I1.)

perturbation — BojiHeHUE, KOJieOaHNE

chiral nanostructure — xupanbHasi HAHOCTPYKTypa
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(HecnocoOHas K HaKJIaJAbIBAaHUIO HA JPYTYIO CTPYKTYPY)
to stop short — ocranaBnMBaThCA Ha TOCTUTHYTOM

TEXT

Adding just a single atom to a nanowire, or taking one away from it, can
completely change the wire’s magnetic properties. So think researchers of the
Institut fiir Festkorperforschung, Jiilich, Germany, who have modelled the effect of
atom parity on antiferromagnetic wires placed on a ferromagnetic surface, in 2008.
The phenomenon, unique to nanostructures, might one day be used in computer
science and electronics.

Adding or removing one atom from a solid containing about 10 atoms does
not make much of a difference, but this is not the case in nanostructures. Here, the
magnetic structure changes dramatically across the entire nanowire depending on
whether the total number of atoms in the wire is odd or even.

Changing the parity of a wire by adding or subtracting a single atom leads to
such incredible effect as a switch of the magnetic behaviour from one state to a
completely different one. This peculiar nano-effect does not occur in micro- or
macrostructures and is totally reversible.

The effect occurs thanks to “frustration”: for example, when a suspended
antiferromagnetic wire is put on a ferromagnetic surface, there is a frustration
between the local antiferromagnetic structure and the underlying ferromagnetic
substrate. This 1s because neighbouring atoms in the wire prefer to couple
antiferromagnetically, but are prevented from doing so by the substrate. In such a
system, the magnetic interaction between neighbours is strong, but the magnetic
structure as a whole is fragile and small changes to it can make a big difference.

Picture 1. Principle of atomic frustration

The researchers obtained their results using quantum-chemical computer
simulations based on Density Functional Theory (for which the American scientist
Walter Kohn and his British colleague John Pople received the 1998 Nobel Prize in
Chemistry). This type of calculation relies only on the basic laws of quantum
mechanics without additional parameters.

By tuning the strength of the magnetic interaction within the wire and between
the wire and a surface, the co-workers succeeded in constructing a phase diagram
from which they predicted where the parity effect occurred on a wire length.

The effect is nothing else but a magnetic switch between two different
magnetic states switched by the addition or removal of an atom. In hard disks, thes"""
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magnetic information is stored in binaries (0) and (1) that can be represented by the
two magnetic solutions found in these nanowires.

The behaviour observed in the simulations could also be useful for building
logic gates made of magnetic wires. This is because perturbations at the edge of the
wire travel along the whole wire until they reach the other side.

The team of the scientists is not going to stop short and is now planning to
look at chiral magnetic nanostructures deposited on surfaces.

1. Answer the following questions:

1) How can scientists change the wire’s magnetic properties?

2) How can the parity of a wire be changed?

3) Characterize the switch of the magnetic behaviour.

4) Why does frustration take place in producing the above stated effect?
5) Who received the Nobel Prize for Density Functional Theory?

6) How did scientists construct a phase diagram? And what for?

7) Where 1s magnetic information usually stored?

8) What is the possible application of the effect of atom parity?

9) What is the team’s future sphere of interest?

2. Use the correct words from the text:
1) The magnetic structure as a whole is ... and small changes to it can make a big

2) The ... is nothing else but a magnetic ... between two different magnetic states.

3) Adding an atom to a ... can completely change the wire’s ... properties.

4) The calculation relies only on the basic laws of ... ... without additional
parameters.

5) The magnetic structure changes ... across the ... nanowire.

6) The ... obtained their results using quantum-chemical ... simulations.

3. True or false?

1) The team of scientists 1s now going to stop short.

2) The process of frustration takes place when a suspended antiferromagnetic wire is
put on a ferromagnetic surface.

3) The American scientists Walter Kohn and John Pople received the 1998 Nobel
Prize in Chemistry.

4) In hard disks, the magnetic information is stored in binaries.

5) Adding or removing one atom from a solid of about 10 atoms makes much of a
difference.

6) It was the phase diagram that helped scientists in predicting where the parity
effect occurred on a wire length.

7) In nanostructures the magnetic structure changes drastically across the entire
nanowire.
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8) Density Functional Theory was used as the base for quantum-chemical computer
simulations.

9) The above stated nano-effect may occur in macrostructures and is totally
reversible.

4. Match words with their meanings:

1) diagram a) general law of cause and effect

2) principle b) not exactly divisible by two

3) simulation c¢) reasoned account offered to explain facts or events

4) phenomenon  d) design or plan to illustrate or explain something

5) odd e) treatment shown towards other things or objects

6) solution f) thing that is known to exist by the senses

7) theory g) process of finding an answer or explanation

8) behaviour h) pretence or imitation used to prove or disapprove an
assumption

5. Translate from Russian into English:

1) Camupy Jlynucy u ero kosuieraM u3 ropoga HOmmxa B pamkax MareMaTudeckoi
MOJENH YAAJIOCh HAOJIOAATh W3MEHEHHWE MAarHUTHBIX CBOMCTB HAHONPOBOJHUKA
BCEr0 OJIHMM aTOMOM, TMOMEIIEHHBIM Ha €ro MoBepXHOCTh. 2) Hemelnkue yueHsbie
JETaJbHO M3YYMJIM 3TOT YAUBUTEIBHBIM 3(Q(EKT U yBEpeHbl, 4TO B OyAylIEM OH
MIOMOXKET HAHOTEXHOJIOraM B WX padore. 3) MarHuTHble CBOMCTBA HAHOMPOBOAHUKA
HalpsIMyl0 3aBUCAT OT 4uciaa atroMoB B ero coctaBe. 4) I[logoOHbiii 3ddekt
MOJIHOCTbIO OOpaTUMBbIM, MOCKOJBKY yIall€HHE aToMa BEIET K BO3BPAIICHUIO
MPEKHUX MAarHUTHBIX CBOMCTB HAHOMPOBOJHUKA. 5) DTOT 3P (EeKT HE HaOI01aICs B
MHUKPOCTPYKTYpaX, HO B HAHOMETPOBOM JAMANa30HE JJIMH IPOSIBIISUICS MOCTOSHHO.
6) @u3NKM UCNONb30BaATM (YHKIMOHAIBHYIO TEOPHIO IUIOTHOCTH, YTOOBI
MOATBEPAUTh CBOM MpeAnoyiokeHus. 7) CoOCTOSHME HAHOMPOBOAHUKOB MOXKHO
KOHTPOJIUPOBAaTh M3MEHEHHEM WX aTOMHOW MimHbL 8) B OyaynieM HaHOHUTH
CMOT'YT CTaTh €II€ OJHUM XpaHwiuiieM nHpopmaiuu. 9) Ecnu Obl uccinenoBarenu
HE UCHOJIb30BAM (PEPPOMArHUTHYIO TOBEPXHOCTh IS AHTH(EPPOMATHUTHBIX
MPOBOJIHUKOB, OHM Obl HE Yy3Hamu 00 3ddekre aTtomHoro HeBochpusatus. 10)
MopenupoBanue B 00JACTMU HAHOTEXHOJOTHMM CETOJHS SBJISETCA HamOoliee
WHTEPECHBIM HaNpPAaBIICHUEM IS YUCHBIX KPYIMHEHIIINX MUPOBBIX YHUBEPCUTETOB.

6. Discuss the following topics:

1) Modern researches of the German physicists.
2) Nanotechnologies in our life.

3) The recent Nobel Prize winners in Physics.
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LESSON 4.
NASA: SPACE TELESCOPE MISSION

Words and word combinations:

to host — mpuHuUMaTh

to blast — 3amyckarb

NASA (National Aeronautics and Space Administration) —
HACA (HauuoHanbHOE areHTCTBO 10 a3POHABTUKE U UCCIIECAOBAHNUIO KOCMUYECKOTO
MIPOCTPAHCTBA)

to orbit — gBUTaTHCS IO OPOUTE

essential — OCHOBHOM 31€MEHT

ultimately — B koHEUHOM cu€Te

census — cOOp JaHHBIX

to survey — ucciae10BaTh

Cygnus-Lyra — co3Be3aus Jlebens u Jlupa

Milky Way — Muieunsriii [1yTh

habitable — mpuroaHsIit AJ1s )KU3HU

to imply — noxpazymeBarsb

dimming — Mepuanue

to wink — mepuaTh

faint — cna0ObIii

array — KOMIUIEKC, HaOop

charge-coupled device (CCD) — npu6op ¢ 3apsiaoBoii cBs3bio (I13C)
porch — KpbLIBIIO

patch — 30Ha, ygacTok

to stare — BIiIIabIBaThC

multiple — moBToOpsrOILIMIAiCS

corner-stone — KpaeyroJyibHbl KaMEHb

emerge — MOSIBIISITHCS

exoplanet = extrasolar planet — nyanera BHe COJTHEUHOM CUCTEMBbI
to chart course — npokaabIBaTh Kypc

TEXT

In spring 2009, NASA's Kepler spacecraft began a journey to search for
worlds that could potentially host life.

Kepler, a NASA space telescope named in honour of German astronomer
Johannes Kepler, was blasted into space from Cape Canaveral Air Force Station,
Florida, aboard a Delta II rocket, on March 7 at 10:48 p.m. It is the first mission
with the ability to find planets like Earth — rocky planets that orbit sun-like stars in a
warm zone where liquid water could be maintained on the surface. Liquid water is
believed to be essential for the formation of life.
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Kepler is a critical component in NASA's efforts to ultimately find and study
planets where Earth-like conditions may be present. The planetary census Kepler
takes will be very important for understanding the frequency of Earth-size planets in
our galaxy and planning future missions that directly detect and characterize such
worlds around nearby stars.

The mission will spend three and a half years surveying more than 100,000
sun-like stars in the Cygnus-Lyra region of our Milky Way galaxy. It is expected to
find hundreds of planets the size of Earth and larger at various distances from their
stars. If Earth-size planets are common in the habitable zone, Kepler could find
dozens; if those planets are rare, Kepler might find none.

In the end, the mission will be the first step toward answering a question posed
by the ancient Greeks: are there other worlds like ours or are we alone?

As NASA's Research Center scientists think, finding that most stars have
Earths implies that the conditions that support the development of life could be
common throughout our galaxy. Finding few or no Earths indicates that we might be
alone.

The Kepler telescope is specially designed to detect the periodic dimming of
stars that planets cause as they pass by. Some star systems are oriented in such a
way that their planets cross in front of their stars, as seen from our Earthly point of
view. As the planets pass by, they cause their stars’ light to slightly dim, or wink.

The telescope can detect even the faintest of these winks, registering changes
in brightness of only 20 parts per million. To achieve this resolution, Kepler will use
the largest camera ever launched into space, a 95-megapixel array of charge-coupled
devices, known as CCDs.

If Kepler were to look down at a small town on Earth at night from space, it
would be able to detect the dimming of a porch light as somebody passed in front.

By staring at one large patch of sky for the duration of its lifetime, Kepler will
be able to watch planets periodically transit their stars over multiple cycles. This will
allow astronomers to confirm the presence of planets. Earth-size planets in habitable
zones would theoretically take about a year to complete one orbit, so Kepler will
monitor those stars to confirm their presence.

Kepler is a critical corner-stone in understanding what types of planets are
formed around other stars. The discoveries that emerge will be used immediately to
study the atmospheres of large, gas exoplanets with the space telescope named
Spitzer. And the statistics will help scientists chart a course toward one day imaging
a pale blue dot like our planet, orbiting another star in our galaxy.

1. Answer the following questions:

1) What 1s Kepler?

2) Characterize the Earth-like planets.

3) What is the aim of finding planets like Earth?

4) Why will the planetary census Kepler takes be very important?
5) When is the mission predicted to come to the end?
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6) Who seems to think optimistically about life conditions throughout our galaxy?
7) What the Kepler telescope is designed for?

8) How can the telescope register changes in brightness?

9) Give the Earthly example of Kepler’s usage.

10) How do scientists use the Spitzer telescope?

2. Use the correct words from the text:

1) Kepler is a critical ... in understanding what types of ... are formed around other
stars.

2) Kepler will use the largest camera ever launched into space, an array of ...-... ... ,
known as ....

3) It is expected to find hundreds of planets the size of ... and larger.

4) Kepler was blasted into space from ... ... Air Force Station, aboard a Delta II ....
5) As the ... pass by, they cause their stars’ light to slightly ..., or wink.

6) Finding few or no ... indicates that we might be alone.

3. True or false?

1) Vaporous water is believed to be essential for the formation of life.

2) The statistics will help scientists chart a course towards the second Earth.

3) The telescope can register changes in brightness of only 10 parts per million.

4) The mission will survey about 100,000 sun-like stars in the Cygnus-Lyra region
of our galaxy.

5) Now we cannot answer the question posed by the ancient Greeks: are there other
worlds like ours or are we alone?

6) Finding no Earths indicates that we might live with extraterrestrials.

7) The discoveries that emerge will be used to study the atmospheres of large, gas
exoplanets.

8) In autumn 2006, NASA's spacecraft began its scientific journey.

9) CCD is the abbreviation for a charge-coupled device.

4. Match words with their meanings:

1) spacecraft a) any of the huge groups of stars in outer space

2) planet b) series of events taking place in a regularly repeated order
3) galaxy c¢) forward movement in space or time

4) mission d) path followed by a heavenly body round another body

5) cycle e) body seen in the sky at night as a distant point of light

6) star f) apparatus used for travel beyond the Earth’s atmosphere
7) orbit g) special task assigned to an individual or a group

8) course h) heavenly body which moves round a star such as the Sun

5. Translate from Russian into English:
1) Muccust teneckona mnpemycMarpuBaetT npocMorp 6omee 100 Thicsy 38E31 3a
CIEIYIOLIME TPU C MOJOBMHOM rofia, IO3TOMY LIaHC Ha ycreX Beiuk. 2) TOYHOCTE:
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U3MEPEHUS] APKOCTU IUIAHET Yy 3TOro amnmapara B ISTh pa3 JIydlle, 4YeM Y
npeasiaymeit monenu. 3) TeopeTWyeckw, IIAHETHI pa3sMeEPOM € 3eMJ0 B
MPUTOJIHBIX JIJISl )KM3HHU 30HAX MPOXOAAT MO CBOEH OpOHUTE MPUMEPHO 33 OAMH TOJ.
4) Ecmu muccusa «Kemepa» 3aBepinTcs: 01aronoiyyHo, y4eHble CMOTYT OTBETUTH
Ha BONPOC, KOTOphIA chopmynupoBanu enié apeBHue rpeku. 5) Korma ¢usuku
CTaJIM UCIIOJIB30BaTh MPUOOPHI C 3apSATOBOM CBSA3bIO, OHM PEIIWIIA IPUMEHUTh UX B
KPYIHEUIIUX 3JEKTPOHHBIX ONTUYECKUX IpuoOopax. 6) McciaenoBaTenbCkuil LEHTP
HACA mnpoBen rpaHIuMo3HYI0 pabdOTy B IOHUCKaX HOBBIX TaJaKTUK, KOTOpPHIE
noxoawyi Ol Ha Haml Muteunsiid [1yTh. 7) Teneckon «Cnutiep» UCHOIB3YETCS s
n3yyeHus OONbIIMX IJIAaHET, KOTopble He BXoAAT B ConHeuHyro cucteMy. 8) B
3a/1a4d MUCCUU BXOJUT UCCIIEIOBaHUE Ooiee cTa Thicad Moxokux Ha ConHue 3BE31
B obnactu co3Be3auil Jlebenp u Jlupa Hamel ranaktuku. 9) MuTepecen Tot Qakr,
yTo «Kemnep» cMoXeT Takxke (PUKCUPOBATH IJIaHEThl HAMHOTO KpymnHee 3emin. 10)
Teneckon MoOCAEAHETO TIOKOJEHUS JIETKO TIOYYBCTBYET OCIa0JeHUE SAPKOCTU
IJIAHETHI BCETO HA OJIHY AECATUTHICSYHYIO JOJTIO.

6. Discuss the following topics:

1) Current achievements of the Kepler mission.
2) Charge-coupled devices and their application.
3) History of telescopes.

LESSON 5.
DARK MATTER. PRESENT-DAY VIEWPOINT

Words and word combinations:

dark matter — ckpsITas macca, TEMHasi MaTEpPUs

undetectable — HegOCTYITHBIN TPAMOMY HAOJIIOICHUIO

to infer — nogpazymeBarb

elusive — yKJIIOHYHBBI

to discredit — onpoBepruyTh

ether — »dup (cpema, koropasi 3amojHSIET NPOCTpaHCTBO Mexay ConHueM u
MJIAaHETaMu )

to overturn — OTMEHATH, OIPOBEPraTh

inconsistency — HECOOTBETCTBUE

approximation — IpuOJIM>KEHHOE 3HAUCHUE

Modified Newtonian Dynamics — moauduiiupoBaHHasi HblOTOHOBCKAs JUHAMUKA
to adjust — KOppeKTHpPOBATH

to reconcile — cornacoBbIBaTh

lensing — okycupoBka

deflection — npenomiienue

Tensor-Vector-Scalar — TeH30pHO-BEKTOPHO-CKAJISIpHAS] TEOPUS
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colliding — crankuBaromuiics

cluster — ckomieHue

Nonsymmetric Gravitational Theory — Teopus HecUMMETPUYECKOI rpaBUTALIU
boson — 0030H (371€MeHTapHas YacTUIA)

fermion — gpepmuoH (31€MeHTapHAas 4acTHIIA)

active neutrinos — akTUBHbIE HEUTPUHO

sterile neutrinos — HEaKTUBHbBIE HEUTPUHO

TEXT

As we know from astronomy and cosmology, dark matter is a hypothetical
form of matter that is undetectable by its emitted electromagnetic radiation, but
whose presence can be inferred from gravitational effects on visible matter.
According to present observations of structures larger than galaxies, dark matter and
dark energy could account for the vast majority of the mass in the observable
universe.

Dark matter and dark energy represent the most popular theory among
physicists and cosmologists to explain the various anomalies observed earlier.
However, direct observational evidence of dark matter has remained elusive. A
minority of scientists have suggested that the existence of a vast amount of
undetected matter is less likely than the possibility that current theories of
gravitation are simply incomplete (much like the now discredited theory of ether,
once thought to be the medium through which light travels, but overturned in the
early 20™ century).

A proposed alternative to physical dark matter particles has been to suppose
that the observed inconsistencies are due to an incomplete understanding of
gravitation. To explain the observations, the gravitational force has to become
stronger than the Newtonian approximation at great distances or in weak fields. One
of the proposed models 1s Modified Newtonian Dynamics (MOND), which adjusts
Newton’s laws at small acceleration. However, constructing a relativistic MOND
theory has been troublesome, and it’s not clear how the theory can be reconciled
with gravitational lensing measurements of the deflection of light around galaxies.

The leading relativistic MOND theory, proposed by the Jewish physicist Jacob
Bekenstein in 2004 is called TeVeS for Tensor-Vector-Scalar and solves many of
the problems of earlier attempts.

However, a study in August 2006 reported an observation of a pair of colliding
galaxy clusters whose behaviour was not compatible with any current modified
gravity theories.

In 2007, John W. Moffat, Danish physicist, proposed a theory of modified
gravity (MOG) based on Nonsymmetric Gravitational Theory (NGT, a classical
theory of gravitation which tries to explain the observation of the flat rotation curves
of galaxies) that claims to account for the behaviour of colliding galaxies. This
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theory still requires the presence of non-relativistic neutrinos (another candidate for
dark matter) to work: modified gravity alone is not sufficient.

In 2009 the Dutch physicist Theo M. Nieuwenhuizen analyzed the lensing data
of the galaxy cluster Abell 1689, assuming that its dark matter is described by an
isothermal profile of quantum particles. Bosons do not fit the data. Fermions should
have mass of a few eV, quite light, so it would explain why the many dark matter
searchers have failed. This approach explains the temperature, the radial profile and
the reionization of the cluster gas. The best case is provided by neutrinos of about
1.5 eV. Active ones alone account for some 9.5% dark matter, so sterile ones with
similar mass are needed to achieve about 19%. This would lead back to the dark
matter scenario, which requires a new explanation of structure formation.

1. Answer the following questions:

1) How can you describe the dark matter?

2) What is the main difficulty in observation of the dark matter?

3) What was the theory discredited in the early 20™ century?

4) Show the reason of the inconsistencies in the proposed alternative of the dark
matter theory.

5) What was the drawback in constructing a relativistic MOND theory?

6) Who proposed TeVeS, and when?

7) Interpret the abbreviation MOG.

8) What is Nonsymmetric Gravitational Theory?

9) How could Theo M. Nieuwenhuizen argue his approach concerning the dark
matter?

10) What is the percentage rate between the active and sterile neutrinos?

2. Use the correct words from the text:
1) The best ... 1s provided by ... of about 1.5 eV.

2) Constructing a ... ... theory has been troublesome.

3) Theo M. Nieuwenhuizen analyzed the ... data of the galaxy ... Abell 1689.

4) Dark matter and ... ... could account for the vast majority of the mass in the ...
uiverse.

5) The behaviour of colliding ... clusters was not ... with any current modified
gravity ....
6) Such an approach explains the ..., the radial ... and the ... of the cluster gas.

3. True or false?
1) Dark matter is a hypothetical form of matter that is detectable by its emitted
electromagnetic radiation.

2) The presence of dark energy can be inferred from gravitational effects on visible
matter.

3) Theory of ether, once thought to be the medium through which light travels, was
discredited in the early 20" century.
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4) To explain the observations, the gravitational force must be stronger than the
Newtonian approximation in weak fields.

5) MOND is a theory of modified gravity.

6) Jacob Bekenstein proposed Nonsymmetric Gravitational Theory in 2004.

7) NGT is a classical theory of gravitation which tries to explain the observation of
some parts of galaxies.

8) In our case, bosons don’t fit the data.

9) Active neutrinos account for some 19.5% dark matter.

4. Match words with their meanings:

1) deflection a) number of objects in a small closed group

2) cluster b) something different from the usual type

3) matter c¢) line of which no part is straight like part of the edge of a circle
4) anomaly d) written outline with details

S)approximation e) turning aside or moving in a different direction

6) curve f) substance of which a physical thing is made

7) scenario g) one of more than two possibilities

8) alternative h) almost correct amount or estimate

5. Translate from Russian into English:

1) CkpblTags Macca paccMaTpuBaeTCss MHOTMMHM YY€HBIMU B KayecTBE
TUIIOTETUYECKON (POpMBI MaTEpUHU, KOTOPAsi HEAOCTYITHA TPSIMOMY HAOJIIOACHUIO W3-
3a OTCYTCTBHUA AJIEKTPOMArHUTHOrO wu3iydeHus. 2) Ilocnennue HaOmoaeHus 3a
CTPYKTYpaMH, KOTOpbIE MO pa3MepaM OOJIbllI€ rajakTUK, MOKa3alH, YTO CKpbITas
Macca W CKpbITash DJHEpPrus 3alojHAIT OOJBIIYI0 4YacTh MPOCTPAHCTBA BO
BcesieHHOM. 3) B Hawane XX Beka yd€Hble OMpPOBEPriv TEOpHio 3hupa, COTJIaCHO
KOTOpol »dup SABUICS CpeAod il TEepeMEIICHUs CBETOBBIX JiydeH. 4)
OtHOocuTeNnbHAsE TEOPUsT MOAU(MDUIIMPOBAHHONW HBIOTOHOBCKOW JMHAMHUKUA HE ObLia
COrjacoBaHa C SBJICHUEM MPEJIOMJIEHUSI CBETa B rajakTukax. S5) TeH30pHO-
BEKTOPHO-CKAJISIPHAsA TEOpHUSl MOMOIJIA HMCCJENOBATENIIM PEIINTh BCE MPOOJIEMBI,
KOTOpbIE paHee MPEJCTABIIM 3HAYUTENbHbIE TpyaHOCTH. 6) HoBas TpyaHOCTBH
BO3HHMKJA B pe3yibTaTe HAOMIOJECHUNA 32 CTAJIKUBAIOMIMMUCA CKOIUJICHUSIMU
rajakTHK, Yb€ MOBEJICHUE HE OBLIO ONMMCAHO HU OJHOM U3 Teopuid. 7) Knaccuueckast
TEOpHsI ~ HECUMMETPHYECKOM  IpaBUTAlMM  SIBISETCA  OCHOBOW  TEOpHUHU
MoauuunpoBaHHor rpaButaimu. §) I[lpoaHanu3upoBaB JaHHBIE (POKYCUPOBKHU
ONPENIETEHHOTO CKOIUICHHS TaJaKTUK, YYEHBIE CMOIJIM OMMCAaTh CKPBITYIO Maccy B
paMKax H30TEPMHUYECKOro Mpoduisi KBAHTOBBIX yactuil. 9) Eciu Obl 0030HBI U
(epMUOHBI TMOIXOJIWIN JJISI KCCIENOBAHMM 1O CBOMM HapameTpaM, (QU3NKU
J0Kazand Obl HAMHOTO OoJbIle Teopuil CKpbITo Macchl. 10) AKTUBHBIE U
HEAKTUBHBIE HEUTPUHO B NMPOLEHTHOM COOTHOIIEHUU COCTAaBILIIOT 28,5% CKpBITOM
MacCBhl.
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6. Discuss the following topics:

1) Physical cosmology as a branch of astronomy.
2) Galaxy clusters and gravitational lensing.

3) Dark matter in fiction.

LESSON 6.
LARGE HADRON COLLIDER

Words and word combinations:

Large Hadron Collider (LHC) — Gomb1110i1 apOHHBINA KOJUTaiaep

lead nuclel — noHEI cBUHILIA

circumference — IJMHA OKPY>KHOCTH

concrete — OETOH

Large Electron-Positron Collider — 607b1110# 371€KTPOH-TTO3UTPOHHBIN KOJUTAaiAep
ancillary — BcmomorarenbHbIi

European Organization for Nuclear Research (CERN) —

EBporneiickast opranuzanusi no siiepasiM ucciaegoBanusim (LIEPH)
supersymmetry — cynepcummeTpus ((pusndeckast TMIIOTE3a CTPOSHUS BEIIECTBA)
to halt — octanaBnuBarh

superconducting bending magnet — CBepXIIpOBOASIIINI U30THYTHIA MarHUT
injection energy — BIIyCKHAs SHEPruUs

commissioning run — BBOJ B AKCILTyaTaI1Io

bunch — my4ok, crycrok (31€KTpOHOB, IPOTOHOB)

intersection — cMexHast 00J1aCTh, MECTO CONTPUKOCHOBEHHM S

luminosity — sspkocTh

TEXT

The Large Hadron Collider (LHC) 1s the world’s largest and highest-energy
particle accelerator, intended to collide opposing particle beams of either protons at
an energy of 7 TeV per particle, or lead nuclei at an energy of 574 TeV per nucleus.
The LHC lies in a tunnel 27 kilometers (17 mi) in circumference, at a depth ranging
from 50 to 175 meters (160 to 570 ft) underground. The 3.8-metre wide concrete-
lined tunnel, constructed between 1983 and 1988, was formerly used to house the
Large FElectron-Positron Collider. It crosses the border between Switzerland and
France at four points, with most of it in France. Surface buildings hold ancillary
equipment such as compressors, control electronics and refrigeration plants.

The Large Hadron Collider was built by the European Organization for
Nuclear Research (CERN) with the intention of testing various predictions of high-
energy physics, including the existence of the large family of new particles predicted ,,,.
by supersymmetry (a symmetry that relates elementary particles of one spin to other: §
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particles that differ by half a unit of spin). It is funded by and built in collaboration
with over 10,000 scientists and engineers from over 100 countries as well as
hundreds of universities and labs. With a 9 billion dollar budget, the LHC is the
most expensive scientific experiment in human history.

On September 10, 2008, the proton beams were successfully circulated in the
main ring of the LHC for the first time. On September 19, 2008, the operations were
halted due to a serious fault between two superconducting bending magnets. On
November 20, 2009, after repairing the resulting damage and installing additional
safety features, the proton beams were successfully circulated again.

On November 23, 2009, the first proton-proton collisions were recorded, at the
injection energy of 450 GeV per particle. On December 18, 2009, the LHC was shut
down after its initial commissioning run, which achieved proton collision energies of
2.36 TeV, with multiple bunches of protons circulating for several hours and data
from over one million proton-proton collisions. Then the LHC was down until
February 2010 to carry out improvements in magnet protection with the aim of
permitting research at 3.5 TeV per beam during the 2010 operational period.

Physicists hope that the LHC will help answer the most fundamental questions
in physics concerning the basic laws governing the interactions and forces among
the elementary objects, the deep structure of space and time, especially regarding the
intersection of quantum mechanics and general relativity, where current theories and
knowledge are unclear or break down altogether.

However, after some years of running, any particle physics experiment
typically begins to suffer from diminishing returns: each additional year of operation
discovers less than the year before. The way around the diminishing returns is to
upgrade the experiment, either in energy or in luminosity. A luminosity upgrade of
the LHC, called the Super LHC, has been proposed to be made after ten years of
LHC operation.

The optimal path for the LHC luminosity upgrade includes an increase in the
beam current (the number of protons in the beams) and the modification of the two
high-luminosity interaction regions with general purpose detectors. To achieve these
increases, the energy of the beams at the point that they are injected into the LHC
should also be increased to 1 TeV. This will require an upgrade of the full pre-
injector system for further optimization of the experiments.

1. Answer the following questions:

1) What is the LHC?

2) Name the predecessor of the LHC.

3) How would you explain the term of supersymmetry?

4) Prove the global scale of the LHC in facts.

5) When did the LHC start operating?

6) What was the reason for its first halt?

7) What was the date of November 23, 2009?

8) State the approximate number of proton-proton collisions.
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9) What is the main sphere of interest of all the physicists with regard to the LHC?
10) How can the scientists upgrade the experiment? Why does it need upgrading?
11) What are the optimums for the LHC luminosity upgrade?

2. Use the correct words from the text:
1) On November ..., 2009, after repairing the resulting damage and installing

additional ... ... ,the ... ... were successfully circulated again.
2) The LHC lies in a tunnel ... miles in ..., at a depth ranging from 160 to 570 feet
underground.

3) The LHC is funded by and built in ... with over 10,000 scientists and ... from
over ... countries.

4) The way around the ... returns is to upgrade the experiment, eitherin ... orin ....
5) ... 1s a symmetry that relates elementary ... of one spin to other ... that differ by
half a unit of spin.

6) The ... ... has been proposed to be made after ... years of LHC ....

3. True or false?

1) The Large Hadron Collider was built by the group of researchers from
Switzerland.

2) On November 20, 2009, the proton beams were successfully circulated again.

3) The LHC crosses the border between Switzerland and France at two points.

4) Scientists hope that the LHC will help answer the most fundamental questions in
physics.

5) The budget of the LHC project makes 9 million dollars.

6) The optimal path for the LHC luminosity upgrade includes an increase in the
beam current.

7) The Large Electron-Positron Collider will replace the LHC in the nearest future.
8) On September 19, 2008, the operations were halted due to a serious fault between
two superconducting bending magnets.

9) Surface buildings of the LHC hold a number of experimental laboratories.

4. Match words with their meanings:

1) symmetry a) the outside of any object

2) surface b) physical characteristic of giving out light
3) upgrade ¢) numbers of small, similar objects

4) detector d) device for speeding-up particles or nuclei
5) luminosity e) raise to a higher level

6) bunch f) something that makes an object imperfect
7) accelerator g) quality of balance between parts

8) fault h) device for catching any signals

5. Translate from Russian into English:
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1) bonblioi aapoHHBIM KOJUIAWAEp — 3TO YCKOPUTENb 3apSKEHHBIX YacTHUI] Ha
BCTPEUYHBIX IMy4YKax, MpeAHA3HAYEHHBIN [l pa3roHa MPOTOHOB U MOHOB CBUHIA. 2)
VYuénble Ha3BaaM KoJUIaiifep OOJBIIMM B MEPBYIO OYEpEllb M3-3a €ro pa3MepoB, U
TOJBKO 3aTEM H3-3a TOI0, YTO OH SBIETCA KPYIHEUIIEH DKCIIEPUMEHTAJIbHOU
yctaHoBko B wmupe. 3) Ecam wuccienoBarensM  yaacTcsi  MOJATBEPUTH
CYILIECTBOBAaHUE CYNEPCUMMETPHUH, OHM TAK)KE€ CMOTYT J0Ka3aTh UCTUHHOCTH pAJlia
¢usnueckux teopui. 4) B yckopurene mpeamnosaraercsi CTaJlKMBAaTh MPOTOHBI C
cymmapHoii sueprueit 14 TaB (TepasnekTpoHBOIbT), U, TakuM oOpa3zom, BAK Oyner
CaMbIM BBICOKORHEPTUYHBIM YCKOPUTEJIEM »JJIEMEHTAapHBIX YacTUI B MHUpE. 5)
Nuxeneprl pemmiid, uto BAK OyzaeTr pacnosioxkeH B TOM K€ TyHHEJNE, KOTOPBIM
MIPEXKJIe 3aHUMall OOJIBIIION AIEKTPOH-TIO3UTPOHHBIN Kosutaitaep. 6) Ilepuoxa ¢ 10 mo
19 centsi6pss 2008 roma BkIOYaeT B ceOs OodUIMATBHBIA 3alycK OOJBIIOTO
aIpPOHHOTO KOJUIAJEepa, MOMCK M HAXOXKJIECHUE HENPEPHIBHOTO LHUPKYIUPYIOLIETO
My4Ka W MpeKpalieHue padoT B CBSI3M C HEUMCIpaBHOCTHIO. 7) B HOs0pe 2009 rona
EBpomnelickas opraHuzaiusi Mo sJA€pHbIM HCCIEAOBAaHUSAM OOBSBHIA O TOM, YTO
BrepBble B BAK ObUIO MpOM3BENEHO CTOJKHOBEHHWE MYYKOB IIPOTOHOB C
cymMmapHbiMH 3Heprusima 900 I'3B. §) UeThlpe OCHOBHBIX U JBa BCIIOMOTATEJIHHBIX
nerekropa Ha BAK mnomMoraroT y4€HbIM PErMCTPUPOBATH MECTA CTOJKHOBEHHUS
MIy4YKOB U OCYIIECTBIATh MOUCK TEMHOM Marepun. 9) Cxopocth yactull B bAK Ha
BCTPEUHBIX My4yKax OJIM3Ka K CKOpocTH cBera B BakyyMe. 10) CynepOomblioi
aJpOHHBIN KOJUIaMIep paccMaTpuBaeTCs Kak Oosiee yiydilleHHas MoJudukamus
BAK.

6. Discuss the following topics:

1) Super Large Hadron Collider

2) Construction accidents and delays of the LHC.
3) Popular culture based on the LHC.

LESSON 7.
QUANTUM CRYPTOGRAPHY: CORE AND MODERN FOCUS

Words and word combinations:

random — NpoOU3BOJIbHBIN

bit string — OuToBas cTpoka

to gain knowledge — y3naBathb

to eavesdrop — moAcC/IylIMBaTh

to implement — BBITIOTHSATH

threshold — mopor

to abort — TeprieTh Heyaauy, HE y1aBaThCs
encryption — KOJUpPOBaHUE

bit rate — ckopocTh nepegaur OUTOB
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optical fibre — onTudeckoe BOJOKHO

significantly — nokazarenbHO

span — UHTepBaJ, HEOOJIbIIIOE PACCTOSHUE

entangled — ci10XHBIM, CITyTaHHBIN

International Space Station — MexayHapoHast kocMuueckast cranius (MKC)
attenuation — ociiabjeHue, 3aTyXaHue

ballot — utoru rosocoBanus

capitol — 31aHMe IIEHTPATIBLHOIO 3aKOHOIaTEJIbHOTO OpraHa

to fund — cnoncupoBaTh

resort — UCIOJIb30BaHHUE

TEXT

Quantum cryptography is the use of quantum systems to do cryptographic
tasks. The most famous example here is quantum key distribution which uses
quantum mechanics to guarantee secure communication. It enables two parties to
produce a shared random bit string known only to them, which can be used as a key
to encrypt and decrypt messages.

An important and unique property of quantum cryptography is the ability of
the two communicating users to detect the presence of any third party trying to gain
knowledge of the key. This results from a fundamental aspect of quantum
mechanics: the process of measuring a quantum system in general disturbs the
system. A third party trying to eavesdrop on the key in some way measures it, thus
introducing anomalies. Transmitting information in quantum states, a
communication system can be implemented which detects eavesdropping. If the
level of eavesdropping is below a certain threshold, a key can be produced that is
guaranteed to be secure. Otherwise, no secure key is possible and communication is
aborted.

The security of quantum cryptography relies on the foundations of quantum
mechanics, in contrast to traditional cryptography which relies on the computational
difficulty of certain mathematical functions, and cannot provide any indication of
eavesdropping or guarantee of key security.

So, quantum cryptography is only used to produce and distribute a key, not to
transmit any message data. This key can then be used with any chosen encryption
algorithm to encrypt and descript a message, which can be further transmitted over a
standard communication channel (a wire or a radio channel).

20 years of constant development of quantum cryptography now show the
very impressive results even through the modern focus of physical science. Thus, the
highest bit rate system currently exchanges secure keys at 1 Mbit/s (over 20 km of
optical fibre) and 10 kbit/s (over 100 km of fibre), achieved by a collaboration
between the University of Cambridge and Toshiba. As of April 2009, the longest
distance over which quantum key distribution has been demonstrated using optic
fibre 1s 153.5 km, achieved by Los Alamos National Laboratory, New Mexico, US.
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Significantly, this distance is long enough for almost all the spans found in today’s
fibre networks.

The distance record for free space quantum key distribution is 145 km
between two of the Canary Islands, achieved by a European collaboration using
entangled photons, in 2008. The experiments suggest transmission to satellites is
possible, due to the lower atmospheric density at higher altitudes. For instance,
although the minimum distance from the International Space Station to the ESA
Space Debris Telescope, Tenerife Island, Spain, 1s about 400 km, the atmospheric
thickness is about an order of magnitude less than in the European experiment, thus
yielding less attenuation compared to this experiment.

Now there are only 4 companies offering commercial quantum cryptography
systems, all over the world. They are located in Geneva, New York, Paris, and
Acton. Quantum encryption technology provided by the Swiss company Id
Quantique was used in the Swiss canton of Geneva to transmit ballot results to the
capitol in the national election on October 21, 2007. In 2004, the world’s first bank
transfer using quantum cryptography was carried in Vienna, Austria. An important
cheque, which needed absolute security, was transmitted from the Mayor of the city
to a bank. And in October 2008, the world’s first computer network protected by
quantum cryptography was implemented at a scientific conference in Vienna. That
project was funded by EU and it was named SECOQC (Secure Communication
Based on Quantum Cryptography). The network used 200 km of standard fibre
optical cable to interconnect six locations across Vienna and the town of St Poelten
70 km to the west.

Factors preventing wide adoption of quantum cryptography outside high
security areas include the cost of equipment, and the lack of a demonstrated threat to
existing key exchange protocols. However, with optic fibre networks already present
in many countries the infrastructure is in place for a more widespread resort.

1. Answer the following questions:

1) What is quantum cryptography? Give the example of its use.

2) How can two communicating users detect the presence of any third party?

3) Describe the principle of the security of quantum cryptography.

4) What are the results of constant quantum cryptography development?

5) State the achievement of Los Alamos National Laboratory in April 2009.

6) When did the distance record for free space quantum key distribution take place,
and where?

7) How many companies are able nowadays to provide commercial quantum
cryptography systems?

8) What were the fields of application of quantum cryptography in Switzerland and
Austria?

9) What is SECOQC?

10) What is the basic factor for a more widespread resort of quantum cryptography
in the nearest future? ]
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2. Use the correct words from the text:

1) In ... 2008, the world’s first ... ... protected by quantum cryptography was
implemented at a scientific conference in ....

2) A third ... trying to ... on the key in some way measures it, thus introducing ....
3) Quantum ... is only used to produce and distribute a ..., not to transmit any ...
data.

4) Quantum ... technology provided by the ... company ... ... was used in the Swiss
canton of Geneva.

5) Factors ... wide ... of quantum cryptography outside high ... areas include the
cost of equipment.

6) The highest ... ... system currently ... secure keys at ... Mbit/s and ... kbit/s.

3. True or false?

1) The most famous example of quantum cryptography is quantum key distribution.
2) Even one year of constant development of quantum cryptography now shows the
very impressive results.

3) In 2004, the world’s first bank transfer using quantum cryptography was carried
in Acton, Australia.

4) The minimum distance from the International Space Station to the ESA Space
Debris Telescope, Spain, is about 400 km.

5) A fundamental aspect of quantum cryptography is that the process of measuring a
quantum system in general disturbs the system.

6) As of June 2006, the longest distance over which quantum key distribution has
been demonstrated using optic fibre is 153.5 km.

7) If the level of eavesdropping is below a certain threshold, no secure key can be
produced.

8) The SECOQC project needed 200 km of standard fibre optical cable to
interconnect six locations across Vienna and its suburbs.

9) Certainly, quantum cryptography is now used to produce and distribute a secure
key as well as to transmit some message data.

4. Match words with their meanings:
1) cryptography  a) process of transforming information to make it unreadable to
anyone except those possessing special knowledge

2) cable b) thing done successfully, with effort and skill

3) attenuation c) protected bundle of insulated wires for carrying electrical
power or messages

4) encryption d) relation of weight to volume

5) communication e) practice and study of hiding information

6) achievement f) distance measurement in the ‘“up” direction between a
reference datum and a point or object

7) density g) gradual loss in intensity of any kind of flux through a§ =
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medium
8. altitude h) process of transferring information from one entity to
another

5. Translate from Russian into English:

1) VYwueHble omnpenenstoT KBAHTOBYIO KpUNTOrpaduio Kak METOJA  3allUThI
KOMMYHHKAIIUWA, OCHOBAHHBII HA HEKOTOPBIX SIBIICHUAX KBAaHTOBOH (m3uku. 2) Eciu
MH(pOpMaLUs IEPEHOCUTCS C MTOMOIIBI0 0O0BEKTOB KBAHTOBON MEXAaHHUKH, €€ MOKHO
3alIUTUTH C MOMOLIBIO KBaHTOBOM kpunrorpaduu. 3) [Ipouecc ornpaBku u npuema
COOOIIEHUN BCErja BBINOJHACTCA (U3MUYECKUMU CpPEICTBAMH, HAIpPHUMEp, IpU
MOMOIIM (DOTOHOB B JIMHUAX BOJIOKOHHO-ONTHYECKOW cBsizu. 4) B manHom ciydae
MOACIYIIMBAHAE MOXHO paccMaTpuBarTb Kak HW3MEPEHUE  ONPEACIICHHBIX
apaMeTpoB TMEPEHOCYMKOB HH(popmanuu. 5) lcnonb3yss KBAHTOBBIE SIBJICHHS,
BelylIre (PU3UKUA CO3aayT TaKyl0 CHCTEMY CBSI3M, KOTOpas BCErla CMOXKET
oOHapyxuTh noaciaymuBanue. 6) IlombITka UW3MepeHUs B3aMMOCBS3aHHBIX
[IapaMETPOB B KBAHTOBOW CHCTEME BHOCUT B HEE HAPYLICHUS, YTO NPHUBOIAUT K
pPa3pyLIEHUI0 UCXOAHBIX cUTHaIOB. 7) [lo ypoBHIO mIymMa B KaHale JIETUTUMHBIE
ITOJIb30BATENM BCETAA CMOTYT ONPEACINUTh CTENIEHb AKTUBHOCTU TPETHEN CTOPOHBI.
8) KoMmanuu, KOTOpBIE MpEIaraloT MOJb30BaTESIM KOMMEPYECKUE CHUCTEMBbI
KBAaHTOBOM KpUINITOrpaduu, YCIEIIHO UCIIOIb30BAIM CBOE 000PYAOBAaHUE BO MHOTHX
ctpanax EBponbs, B CHIA u ABcrpasmu s obOecriedeHHs O€30MaCHOCTH
OaHKOBCKOTO TIE€PEBOAA WJIM 3AllMILEHHOM TNepedauyd BaXKHBIX MOJUTHUYECKUX
naHHbIX. 9) Cuctema cBOOOIHOTO paclpOCTpaHEHUs] KBAHTOBOI'O KJIH04Ya B KOCMOCE
ITO3BOJIMJIA YCTAHOBUTH PEKOPA JAJbHOCTU NEpeNadyu, KOTOPbIA cOCTaBuiI 145 kM.
10) NHTepec k KBAHTOBOM KpUIITOrpauu CO CTOPOHBI KOMMEPUYECKUX OpTaHU3alUi
M BOCHHBIX BEJOMCTB pPACTET, IOCKOJBKY JTa TEXHOJOTHS TapaHTUPYET
a0COJTIOTHYIO 3alIUTYy.

6. Discuss the following topics:

1) Free space quantum cryptography.

2) Hardware solutions for quantum cryptography.
3) The future of quantum cryptography.

LESSON 8.
BLACK HOLE INFORMATION PARADOX

Words and word combinations:

black hole information paradox — ncuesHoBeHre nHPOpPMaLIUK B UEPHOIT IBIPE
to evolve — pa3BUBaTHCSI, BBIACIATh

contentious — CHOPHBIN

tenet — mormMat, JOKTpHHA, IPUHIIUIT
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no hair theorem — runore3a «y 4epHO IBIPHI HET BOJIOCH
Hawking radiation — uznydenue XokuHra (Ipy rpaBUTAIMOHHOM KOJIJIAIICe)
Liouville's theorem — Teopema JInyBus

partial trace — YaCTUYHBIN ciiel

conjectural — TMIOTETUYECKUI, TPETOTOKUTETBHBIHI
AdS/CFT — runore3a o AdS/CFT-ngyansHOCTH

quantum correction — KBaHTOBas MONPaBKa

remnant — OCTaToOK

unitary — e IMHUYHBIN

time evolution — BpeMeHHasi 3BOJTIOIMS

perturbation — Bo3MyI1ieHHE, BO3MYIIAOIIEE BIUSHUE
event horizon — rOpu30HT COOBITHIA

to concede — ycTynaTth, OTKa3bIBaThCA

TEXT

The black hole information paradox results from the combination of quantum
mechanics and general relativity. It suggests that physical information could
"disappear" in a black hole, allowing many physical states to evolve into precisely
the same state. This is a contentious subject since it violates a commonly assumed
tenet of science — that in principle complete information about a physical system at
one point in time should determine its state at any other time.

In 1975, the British theoretical physicist Stephen Hawking and the Jewish
physicist Jacob Bekenstein showed that black holes should slowly radiate away
energy, which poses a problem. From the no hair theorem, one would expect the
Hawking radiation to be completely independent of the material entering the black
hole. Nevertheless, if the material entering the black hole were a pure quantum state,
the transformation of that state into the mixed state of Hawking radiation would
destroy information about the original quantum state. This violates Liouville's
theorem and presents a physical paradox.

More precisely, if there i1s an entangled pure state, and one part of the
entangled system is thrown into the black hole while keeping the other part outside,
the result 1s a mixed state after the partial trace is taken over the interior of the black
hole. But since everything within the interior of the black hole will hit the
singularity within a fixed time, the part which is traced over partially might
"disappear," never to appear again. Of course, it is not really known what goes on at
singularities once quantum effects are taken into account, which is why this theory is
conjectural and controversial.

Hawking was convinced, however, because of the simple elegance of the
resulting equation which "unified" thermodynamics, relativity, gravity, and
Hawking's own work on the Big Bang. This annoyed many physicists, notably John
Preskill, who in 1997 bet Hawking and Kip Thorne that information was not lost in
black holes.
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There are various ideas about how the paradox is solved. Since the 1997
proposal of the AdS/CFT correspondence, the predominant belief among physicists
is that information is preserved and that Hawking radiation is not precisely thermal
but receives quantum corrections. Other possibilities include the information being
contained in a Planckian remnant left over at the end of Hawking radiation or a
modification of the laws of quantum mechanics to allow for non-unitary time
evolution.

In July 2005, Stephen Hawking published a paper and announced a theory that
quantum perturbations of the event horizon could allow information to escape from
a black hole, which would resolve the information paradox. His argument assumes
the unitarity of the AdS/CFT correspondence which implies that an AdS black hole
that 1s dual to a thermal conformal field theory is unitary. When announcing his
result, Hawking also conceded the 1997 bet, paying Preskill with a baseball
encyclopedia "from which information can be retrieved at will". However, Thorne
remains unconvinced of Hawking's proof and declined to contribute to the award.

1. Answer the following questions:

1) What does the black hole information paradox suggest?

2) When did Stephen Hawking and Jacob Bekenstein show that black holes should
slowly radiate away energy?

3) What would one expect the Hawking radiation to be completely independent of
the material entering the black hole from?

4) What is the predominant belief among physicists?

5) When did Mr. Hawking announce a theory that quantum perturbations of the
event horizon could allow information to escape from a black hole?

6) What does Stephen Hawking’s argument assume?

7) What does the black hole information paradox result from?

8) Why is the black hole information paradox a contentious subject?

9) What violates Liouville's theorem and presents a physical paradox?

2. Use the correct words from the text:

1) Stephen Hawking and Jacob Bekenstein showed that ... ... should slowly ... ...
energy, which ... a problem.

2) Hawking was convinced because of the simple ... of the resulting ... which

"unified" ..., ..., ..., and Hawking's own work on the ... ....

3) When announcing his result, Hawking also ... the 1997 ..., paying Preskill with a
baseball encyclopedia "from which information can ... ... at will."

4) Other possibilities include the information being contained in a ... ... left over at
the end of Hawking radiation or a modification of the laws of ... ... to allow for ...

time evolution.

5) This is a ... subject since it violates a commonly assumed ... of science.

6) From the ... ... ... , one would expect the Hawking radiation to be completely ..
of the material entering the ... ....
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3. True or false?

1) The black hole information paradox results from the Big Bang theory.

2) Stephen Hawking and Jacob Bekenstein showed that black holes should slowly
radiate away energy in 1955.

3) The black hole information paradox is a contentious subject since it violates a
commonly assumed tenet of science.

4) The unitarity of the AdS/CFT correspondence doesn’t imply that an AdS black
hole that is dual to a thermal conformal field theory is unitary.

5) From the no hair theorem, one would expect the Hawking radiation to be
completely independent of the material entering the black hole.

6) Thorne was fully convinced of Hawking's proof and didn’t decline to contribute
to the award.

7) Stephen Hawking published a paper and announced a theory that quantum
perturbations of the event horizon could allow information to escape from a black
hole in June 2003.

8) There are various ideas about how the paradox is solved.

9) Hawking bet Kip Thorne that information was not lost in black holes in 2007.

4. Match words with their meanings:

1) contentious a) having the quality of oneness

2) horizon b) a region of space from which nothing, including light, can
escape

3) remnant c) accurately expressed, exact in statement

4) black hole d) small portion remaining of a larger thing or group

5) paradox e) opinion, belief, or principle held to be true by someone

6) unitary f) apparent line that separates earth from sky

7) precise g) a statement or group of statements that leads to a
contradiction

8) tenet h) argumentative, quarrelsome

5. Translate from Russian into English:

1) WcueznoBenne wuHpopManuu B YEPHOM JbIpe O3HAYAET, 4YTO (U3HUECKas
MH(pOpMaLUsT MOXKET «UCUYE3aTh) B YEPHOM JABIPE, MO3BOJISASI MHOTUM (U3HUUYECKUM
COCTOSIHUSI OCTaBaThCsl TaKuM k€. 2) Eciau ecTh uncroe nepenyraHHOe COCTOSIHUE, U
OJIHA YacTh NEPENyTAHHOW CHCTEMBI OpOII€Ha B YEPHYIO NBIPY, B TO BpeMs Kak
Apyrasi 4acTb HaXOJUTCS BHE YEPHOW IBIPbL, TO PE3YyJIbTATOM OYyJIET CMEIIaHHOE
coctosinue. 3) U3 TeopeMbl «y 4EpHOU JBIPhI HET BOJOCY» MOXKHO MPEANOJIOKHUTD,
YTO U3JydeHHEe XOKUHTra OyJeT TMOJHOCThIO HE3aBUCMMBIM OT MAaTepHH,
nonajaromeld B 4epHyI Ablpy. 4) YdeHble HE 3HAIOT TOYHO, YTO MPOUCXOJUT C
CUHTYJISIDHOCTBIO, €Clii OpaTh B pacueT KBaHTOBbIM 3¢ dekxT. IMeHHO mosTomy 3Ta
TEOPHUS SIBISETCA TUIIOTETUIECKON M CIOPHOM. 5) DTO BO3MYILIAJIO MHOTHX (DU3UKOB,
B ocobenHoctu J>xoHa [Ipeckuma, koropsiid B 1997 roay 3akntounn napu ¢ Kumnom
TopaoM 1 CTuBeHOM XOKHUHIOM OTHOCHUTENIBHO TOT0, YTO HH(POPMALIUS HE TEPSAETCSS
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B uepHbIX Jplpax. 6) Kak Tonbko Bce BHYTPU YEpPHOW [BIPbl HAPYIIWUT
CUHTYJSIDHOCTh B (DUKCUPOBAHHBII MOMEHT BpPEMEHHM, 4YacTh, 3a KOTOPOU
HaOJII0Jal0T, MOXKET YACTUYHO MCUE3HYTh M HUKOTJA HE MOSBUTHCSA CHOBA. 7) Cam
XOKHUHI MPU3HAET, YTO OOIIMI BBIBOJI 00 YHUTAPHOCTU B 3TOM Cllydae CIEAYET U3
AdS/CFT-nyanbHocTH. 8) XOKHMHT OTKa3ajcsl OT MapH, 3aKjiroueHHoro B 1997 ropy,
MIPE3EHTOBAB coNepHUKY KHUTY «llonHas sHumkiIonenus oeicoonay. 9) Ilpeckuin
YTBEPK A, YTO HAXOIAIIASACS B YUCTOM KBAHTOBOM COCTOSIHMM CHCTEMA, KOTOpas
VCTIBITHIBAET TPABUTALIMOHHBIN KOJUIANC, TPUBOIAIIANA K BO3HHUKHOBEHHUIO YEPHOU
IBIPBI, OyJET NMPeObIBaTh B YUCTOM COCTOSTHUU M TIOCJI€ HCIIAPEHUSI 3TOU JIBIPBL, B TO
BpeMs Kak XOKUHI M TopH cumtaim 3T0 MHeHHEe ommnOouHbM. 10) Teopus o0
VMCUYE3HOBEHUM HH(POPMAIIMM B YEPHOM [bIp€ OCHOBBIBAETCS HA COYETAHUU
KBAHTOBON MEXaHUKHU U 00ILIe TEOPUU OTHOCUTEIbHOCTH.

6. Discuss the following topics:
1) Thorne-Hawking-Preskill bet.
2) Black hole thermodynamics.
3) Hawking and unitarity.

TEST

Choose the correct variant:
1. Theorists all over the world predicted the existence of ... forces since 2005.

a) optical c) repulsive

b) lateral d) magnetic

2. Dr. Tang and his colleagues combined such two sciences as ... and
nanophotonics.

a) nanooptics ¢) nanomechanics

b) nanophysics d) physiology

3. One of fundamental aspects of quantum mechanics is that the process of
measuring a quantum system in general ... the system.

a) declassifies c¢) influences

b) opens d) disturbs

4. The world’s first computer network protected by quantum cryptography was
implemented at a scientific conference in ....

a) Acton c) Salzburg

b) Geneva d) Vienna

5. The black hole information paradox suggests that physical information could
"disappear" in ....

a) a black hole c) the outer space

b) nowhere d) an infected computer

6. There are various ideas about how the ... is solved.

a) problem C) mission
b) paradox d) equation |
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7. The ... may move in plane only, like billiard-balls on the surface of the table.

a) neutrons c) electrons

b) ions d) protons

8. The most powerful magnet in the world is made of the alloy of ..., ..., and ....
a) nobelium, iron, tellurium ¢) neodymium, tin, boron

b) neodymium, iron, boron d) niobium, krypton, barium

9. Physicists hope that the ... will help answer the most fundamental questions in
physics.

a) electronic oracle c¢) Large Hadron Collider

b) Large Electron-Positron Collider d) Supercomputer

10. Supersymmetry is a symmetry that relates elementary particles of one ... to other
particles that differ by half a unit of ....

a) impulse ¢) symbol

b) phase d) spin

11. Adding just a single ... to a nanowire can completely change the wire’s
magnetic properties.

a) atom c) elementary particle

b) molecule d) electrode

12. The researchers obtained their results using ... computer simulations based on
Density Functional Theory.

a) quantum-physical c) triangulation

b) quantum d) quantum-chemical

13. Direct observational evidence of ... has remained elusive.

a) dark energy c) ether

b) dark matter d) Nonsymmetric Gravitational Theory

14. NGT is a classical theory of gravitation which tries to explain the ... of the flat
rotation curves of galaxies.

a) observation C) appearance

b) existence d) emergence

15. Liquid ... 1s believed to be essential for the formation of life.
a) gas c) water

b) ocean d) medium

16. Some star systems are oriented in such a way that their ... cross in front of their
stars, as seen from our Earthly point of view.

a) planets c) solids

b) orbits d) meteorites
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