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INPEANCJIOBHUE

Yuebnuk "Scientific English for Students of Physics" npennaznauen
UIL  CTYIEHTOB  CTapliuX KypcoB  Qu3mueckoro  (akynbrera,
MIPOAOJDKAIOIINX M3yUeHHe aHTIHICKOTO S3bIKa U MPO(hecCHOHATBHOTO
obomenns. llenpto ydeOHHWKa SBISETCS 3aKpelUieHHe U JalibHeillnee
pa3BuTHE paHee NPHOOPETEHHBIX CTYACHTAMH KOMMYHHKATHBHBIX
KOMIIETeHIINH Ha MaTepuajie, 3HAKOMSIIEM MX C TaKUMHU aKTyalbHBIMH
o0JacTAMHU HayKM M TEXHUKH, KaK ONTHKA, (pOTOHWKa, (U3MKa YaCTHII,
anepHas ¢u3uka, (Qu3MKa 3Be3[, HAHOTEXHOJIOTHMH. TIIaTenbHO
0TOOpaHHBIE ayTEHTUYHBIE TEKCTHI JAIOT MPEJICTaBIeHNe KaKk 00 HCTOpUHU
HAYYHBIX OTKPBITHH, TaK M O COBPEMEHHBIX JOCTIKEHUSIX YUEHBIX.

PaboTta ¢ yueOHHKOM MO3BOJISIET PELINTh CICAYIOUINE 3a0a4H:

e B 00J1aCTH Pa3BUTHUS SA3BIKOBBIX KOMIIETCHIINIA:

1) oTpaboTaTh MpaBUILHOE MPOU3HOIICHUE U YTCHHE OOIICHAYTHON
Y TEPMUHOJIOTHYECKOH JICKCHUKH;

2) MOBTOPUTH XapaKTEepHbIE AJsl HAYYHOTO TEKCTa TpaMMaTHYECKHe
SIBIICHUS;

3) aKTHBU3UPOBATH OOIIEHAYYHYIO i TEPMHHOJIIOTHYECKYIO JIEKCUKY
M0 TEMaTHKE YPOKOB;

e B 00J1aCTH Pa3BUTHUS PEUEBBIX KOMIICTECHIIHHA:

1) coBepmIeHCTBOBATh HABBIKM TUG(DEPEHITUPOBAHHOTO YTEHUS
HAy4YHOMW JIUTEPaTyphl;

2) pa3BUBaTh HAaBBIKM YCTHOW MOHOJIOIMYECKOH M IHAOTHUECKON
Hay4YHOH peyu;

3) ¢popMHUpOBaTh HABBIKK YCTHOTO U IIHCEMEHHOTO pe(eprupOBaHUs;

4) pa3BHUBaTh HABBIKHU NPOJYKTHBHOIO IIUCHMa,

e B 00JIaCTH TIepeBOa: OTPadaThIBaTh HABBIKH MEPEBOJA TEKCTOB IO
CIIEIMATEHOCTH c Y4EeTOM JIEKCUKO-TPaMMaTHIECKAX
Tparchopmanui.

B pesynbraTe ocBoeHUs yueOHOTO MaTepHaia CTYICHTHI JOJIKHBIL:

3HaTh: JIEKCHKYy M TpaMMaTUKy B OOBeMe, MperyCMOTPEHHOM
Y4eOHUKOM;

yMeTb: U3BJIEKaTh MPO(ECCHOHATHHO 3HAYMMYIO WH(POPMAILUIO U3
HAyYHBIX TEKCTOB Pa3HON CTENEeHH CIIO)KHOCTH, BeCTH Oecemy B paMKax
MPONICHHOW HAayYHONH TEMAaTHWKW, Yy4YacTBOBaTh B JIMCKYCCHHU, JENaTh
JOKJIanel ¥ MPEe3CHTAlNH, NIEPEBOJUTh HAYYHbIE TEKCTHI C aHTIHICKOTO



MMPEAUCIIOBUE

sI3bIKAa HA PYCCKUH U C PYCCKOTO SI3bIKa HA aHTJIMUCKUNA B COOTBETCTBUU C
HOpMaMH sI3bIKa [TEPEBO/IA;
BJajeTh:  AHTJHMHCKUM  s3BIKOM Uit ero  3ddekTuBHOTrO
WCTIOJB30BAaHUSA B MPO(ECCHOHATPHON ¥ HAayYHOW JEsITeIFHOCTH B
nuana3oHe ypoBHe# Bl - B2.
Y4eOHUK COCTOMT W3 WIECTH YPOKOB, COOTBETCTBYIOIIUX
ompeneicHHOMY paszaeny ¢usuku, n npmioxkeHus Course Vocabulary.
Kaxxnplii ypok paccuuTtaH Ha 6-8 4acoB ayJTUTOPHON pabOTHI U BKIHOYACT
TEKCTBI €  3aJaHUSAMH, JIEKCHKO-TpaMMaTH4eCKHe  yIpPaKHEHHS,
MPOEKTHBIC 33JaHHA, a TaKKe CIIMCOK KIFOYEBBIX TEPMHUHOJIOTHYECKUX
CJIOB ¥ BBIPQIKEHUIA.
Tumonorust ynpaXHEHUH NPEAYCMAaTPUBACT CIEAYIONINE BHIBI
paboTHI:
1) MOMCK TpaHCKPUNLMU W MPaBUIBHOE BOCIPOU3BEACHUE CIOB M
CJIOBOCOYETaHHH U3 0A30BOTO TEKCTA;

2) HaXOXACHNE JEKCHYECKUX DKBUBAJICHTOB KIIFOYEBBIX CJIOB W CJIO-
BOCOYCTAHMI;

3) co3naHre COOCTBEHHBIX MPEMJIOKECHUN C KIIOYEBBIMHU CJIIOBAMH U
CIIOBOCOYETaHUSIMU,

4) BonpocHO-0TBeTHAs: (opMa pabOTHI C TEKCTOM;

5) cocTaBieHUE TINIaHA TEKCTA U €T MOCIEAY IO ITepecKas;

6) CTPYKTypHO-CEMaHTUYECKUI aHaH3 ad3ara;

7) CMBICIIOBOH aHAJIN3 TEKCTA 110 ad3amam;

8) 0OyueHue HaBBIKAM YCTHON M MUCHMEHHOW KOMITPECCHUU TEKCTOB;

9) moArOTOBKA K BBICTYIUICHUIO Ha 33JaHHYIO TeMY, BEIICHHIO THC-

KyCCHU H Jp.

I[loMmumo pemieHuss 3amad, CBsA3aHHBIX C  yrayOlleHHEM U
COBEpIICHCTBOBAaHMEM 3HAHWW aHTIHUICKOTO S3bIKA, YYEOHHWK JaeT
CTYACHTaM BO3MOKHOCTb PACIIMPHUTH MPEJCTABICHUE O MPEIMETE CBOETO
npoQecCHOHAFHOTO H3YYeHUs — PH3HKe.



UNIT 1. HOLOGRAPHY

TEXT 1

1. Check the pronunciation of these words in a dictionary. If
necessary, specify their meaning.

although, coherent, component, confront, content, exhibit, focus,
hologram, holography, illuminate, multitude, original, source,
technique, transparent, trough, unique, utilize, whorl

2.  Read the text and answer the questions below.

1) What does holography deal with?
2) How would you define a hologram?

3) What is the difference between an ordinary photographic image
and a hologram?

4) How was holography invented?
5) How did the development of lasers advance holography?
6) What are the basic principles of holography?

1. Holography is a means of creating a unique photographic image
without the use of a lens. The photographic recording of the image is
called a hologram, which appears to be an unrecognizable pattern of
stripes and whorls but which — when illuminated by coherent light, as by
a laser beam — organizes the light into a three-dimensional representation
of the original object.

2. An ordinary photographic image records the variations in intensity
of light reflected from an object, producing dark areas where less light is
reflected and light areas where more light is reflected. Holography,
however, records not only the intensity of the light but also its phase, or
the degree to which the wave fronts making up the reflected light are in
step with each other, or coherent. Ordinary light is incoherent — that is, the
phase relationships between the multitude of waves in a beam are
completely random; wave fronts of ordinary light waves are not in step.
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3. Dennis Gabor, a Hungarian-born scientist, invented holography in
1948, for which he received the Nobel Prize for Physics more than 20
years later (1971). Gabor considered the possibility of improving the
resolving power of the electron microscope, first by utilizing the electron
beam to make a hologram of the object and then by examining this
hologram with a beam of coherent light. In Gabor’s original system the
hologram was a record of the interference between the light diffracted by
the object and a collinear background. This automatically restricts the
process to that class of objects that have considerable areas that are
transparent. When the hologram is used to form an image, twin images are
formed. The light associated with these images is propagating in the same
direction, and hence in the plane of one image light from the other image
appears as an out-of-focus component. Although a degree of coherence
can be obtained by focusing light through a very small pinhole, this
technique reduces the light intensity too much for it to serve in
holography; therefore, Gabor’s proposal was for several years of only
theoretical interest. The development of lasers in the early 1960s suddenly
changed the situation. A laser beam has not only a high degree of
coherence but high intensity as well.

4. Of the many kinds of laser beam, two have especial interest in
holography: the continuous-wave (CW) laser and the pulsed laser. The
CW laser emits a bright, continuous beam of a single, nearly pure colour.
The pulsed laser emits an extremely intense, short flash of light that lasts
only about 1/100,000,000 of a second. Two scientists in the United States,
Emmett N. Leith and Juris Upatnieks of the University of Michigan,
applied the CW laser to holography and achieved great success, opening
the way to many research applications.

5. In essence, the problem Gabor conceived in his attempt to improve
the electron microscope was the same as the one photographers have
confronted in their search for three-dimensional realism in photography.
To achieve it, the light streaming from the source must itself be
photographed. If the waves of this light, with their multitude of rapidly
moving crests and troughs, can be frozen for an instant and photographed,
the wave pattern can then be reconstructed and will exhibit the same
three-dimensional character as the object from which the light is reflected.
Holography accomplishes such a reconstruction by recording the phase
content as well as the amplitude content of the reflected light waves of a
laser beam. How this works is shown in Figure 1 on the left.
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Figure 1. Arrangements for (left) creating a hologram and (right) reconstructing an image
from a hologram. Encyclopadia Britannica, Inc.

LANGUAGE REVIEW
Focus on word formation
Review noun-forming suffixes and match the verbs with

appropriate nouns.

accomplish, appear, apply, interfere, produce, propagate, reconstruct,
reduce, reflect, represent, vary

Identify what part of speech the word 'record’ represents in
paragraphs 2 and 3, then check how it should be pronounced in
each case.

Give the negative form of the adjectives 'recognizable’ and
'coherent’.

Focus on grammar

Answer the questions.

1) How is the Passive Voice formed?
2) What are the features of non-finite forms of the verb?
3) What are the main functions of the Participle in the sentence?



HOLOGRAPHY 9

4) What functions can the Gerund be used in?

5) What multifunctional words do you know? Can you name the
functions of 'one', 'it' and 'that' in the sentence?

6) What is understood by asyndetic connection between clauses in
complex sentences?

2. Do the following tasks.

1) Analyse the use of the Passive Voice forms in paragraphs 2 and 3.

2) Comment on the use of participles in paragraphs 1, 2 and 5.

3) State the functions of the Gerund in paragraphs 1 and 3.

4) Identify the function of 'one' in paragraphs 3 and 5 and the
function of 'that' in paragraphs 3 and 4.

5) Find the referents of the word 'which' in paragraphs 1, 2 and 5.

6) Indicate the difference in the usage of the verb 'appear' in
paragraphs 1 and 3.

7) Identify asyndetic attributive clauses in paragraph 5.

Focus on paragraph structure and content

1.  Answer the questions.

1) What key terms and phrases provide an effective means of
connecting the sentences in all the paragraphs of Text 1?

2) What parallel grammatical and structural forms (words, phrases,
clauses) are used in paragraphs 2, 3 and 4 to add more clarity and
emphasis to the text?

3) What does the pronoun 'it' in paragraph 5 refer to?

2. Do the following tasks.

1) Indicate the topic sentence in each paragraph of Text 1.
2) Develop the idea of each topic sentence.
3) Sum up the main points of Text 1.

3. Study the list of connecting words and phrases. Which of them
occur in Text 1?

Enumeration: first, furthermore, finally; firstly, secondly, thirdly; first
and foremost; to begin with, in the second place, moreover, and to
conclude; next, then, afterward, lastly, finally, eventually

Addition: also, again, in addition, besides, above all, as well (as), too,
not only...but also, either...or
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Similarity: equally, likewise, similarly, correspondingly, in the same
way

Transition: now, with respect to, regarding, as for/to, let us now turn
to

Summation: in conclusion, to conclude, to sum up, in short/brief,
altogether, thus

Apposition: that is, namely, in other words, or, or rather
Exemplification: for example, for instance

Result: so, therefore, as a result, consequently, because of this, hence,
for this reason

Contrast: but, instead, conversely, on the contrary, on the one hand...
on the other hand

Concession: besides, however, nevertheless, notwithstanding, only,
still, while, (al)though, yet, in spite of, despite that, in any case, at any
rate, after all

Emphasis: most importantly, indeed, in fact, certainly, truly

Focus on vocabulary

Define or explain these terms.

hologram, coherent light, wave front, ordinary light, interference,
diffraction, continuous-wave laser, pulsed laser, wave pattern, real
image, virtual image, photographic plate, source beam, incident
beam, reference beam, crest, trough

Give English equivalents for the following word combinations.
Make up sentences with some of them.

METOJ co3aHusl POTOrpadruuecKoro n300paKeHUs, OCBEIIAThCS CBE-
TOM, PETHCTPUPOBATh U BOCCTAHABINBATH TPEXMEPHOE N300pakeHHe,
OTpaXEHHBIA CBET, MUGPArupOBAaHHBIA CBET, YIYYIINTH paspelia-
IONIYyI0  CIIOCOOHOCTh  DJIEKTPOHHOTO  MHKpPOCKOIA,  ITyYOK
KOTEPEHTHOTO CBETa, BOCIPOU3BEJCHUE TOJOTpaMMBbI, HHTEpde-
PEHIIMSI CBETOBBIX BOJH, aMILTUTYa M (ha3a CBETOBBIX BOJIH, MHUMOE
m300pakeHne, ACHCTBUTEIIBHOE W300paKeHUE, TMANalomui  JIyd
(my4ok), oOmopHBIA Jyd (IIy4OK), HUMIYJBCHBIN Jazep, Jiazep
HENPEPHIBHOTO U3TYYCHUS

Give Russian equivalents for the following word combinations.

a pattern of stripes and whorls, a three-dimensional representation of
the original object, variations in intensity of light reflected from an
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object, the phase relationships between the multitude of waves in a
beam, to examine the hologram with a beam of coherent light, to
form twin images, to focus light through a very small pinhole, to
reduce the light intensity, to confront a problem, rapidly moving
crests and troughs, to record the phase content and the amplitude
content of the reflected light waves, to reconstruct an image from a
hologram

TEXT 2

1.  Write an outline of the text in the form of questions and discuss the
basic principles of continuous-wave laser holography. Work in
pairs.

Continuous-Wave Laser Holography

In a darkened room, a beam of coherent laser light is directed onto
object O from source B (see Figure 1). The beam is reflected, scattered,
and diffracted by the physical features of the object and arrives on a
photographic plate at P. Simultaneously, part of the laser beam is split off
as an incident, or reference, beam A and is reflected by mirror M also onto
plate P. The two beams interfere with each other; that is, their respective
amplitudes of waves combine, creating on the photographic plate a
complex pattern of stripes and whorls called interference fringes. These
fringes consist of alternate light and dark areas. The light areas result
when the two beams striking the plate are in step — when crest meets crest
and trough meets trough in the waves from the two beams; the beams are
then in phase, and so reinforce each other. When the two waves are of
equal amplitude but opposite phase — trough meeting crest and crest
meeting trough — they cancel each other and a dark area results.

The plate, when developed, is called a hologram. The image on the
plate bears no resemblance to the object photographed but contains a
record of all the phase and amplitude information present in the beam
reflected from the object. The two parts of the laser beam — the direct and
the reflected beams — meet on the plate at a wide angle and are recorded
as very fine and close-packed interference fringes on the hologram. This
pattern of fringes contains all the optical information of the object being
photographed.

By reversing the procedure, as shown on the right in Figure 1, an
image of the original object can be reconstructed. The coherent light of a
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laser beam illuminates the hologram negative H. Most of the light from
the laser passes through the film as a central beam A and is not used. The
close-packed, fine-detailed fringes on the hologram negative act as a
diffraction grating, bending or diffracting the remaining light to exactly
reverse the original condition of the coherent light waves that created the
hologram. The diffracted light is transmitted at a wide angle from that of
the laser’s reference beam.

On the light source side of the hologram, at C, a virtual image visible
to the eye is formed. On the other side, at B, a real image that can be
photographed is formed. Both these reconstituted images have a three-
dimensional character because in addition to amplitude information,
which is all that an ordinary photographic process stores, phase
information also has been stored. This phase information is what provides
the three-dimensional characteristics of the image, as it contains within it
exact information on the depths and heights of the various contours of the
object. It is possible to photograph the reconstituted image, at B, by
ordinary photographic means, at a selected depth, in exact focus.

The real image from a hologram — that is, the one that can be
photographed — appears pseudoscopic, or with a reversed curvature. This
reversal can be eliminated by making a double hologram, first by
preparing the single hologram and then by using it as an object in the
creation of a second hologram. With a double reversal the image becomes
normal again, as when a mirror image of writing is made legible by
viewing it in a second mirror. The real image of a hologram has valuable
properties. A viewing camera or microscope can be positioned and
focused on various selected positions in depth. The original object also
can be brought into the position in space.

The hologram not only offers images at different depths (different
cross-sections of the object) but also images seen along different
directions if the viewer moves off the axis on which the principal image is
viewed. Direct images can be seen under these conditions. In holography
it is also possible to record on the same plate a succession of numerous
multiple images that can be reconstructed as one image, leading to the
possibility of holography in colour. Three holograms could be
superimposed on the same plate, using three lasers of different colours.
Reconstruction with the three different lasers would produce an image in
its natural colour, even though the hologram plate itself is black-and-
white.
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2. Here are the sentences from Text 2. Fill in the gaps with
appropriate prepositions from memory.

1) In a darkened room, a beam ... coherent laser light is directed ...
object O from source B.

2) The two beams interfere ... each other; that is, their respective
amplitudes ... waves combine, creating ... the photographic plate
a complex pattern ... stripes and whorls called interference
fringes.

3) These fringes consist ... alternate light and dark areas.

4) When the two waves are ... equal amplitude but opposite phase —
trough meeting crest and crest meeting trough — they cancel each
other and a dark area results.

5) The image ... the plate bears no resemblance ... the object
photographed but contains a record of all the phase and amplitude
information present in the beam reflected ... the object.

6) By reversing the procedure, as shown ... the right ... Figure 1, an
image ... the original object can be reconstructed.

7) The hologram not only offers images ... different depths (different
cross-sections of the object) but also images seen ... different
directions if the viewer moves off the axis ... which the principal
image is viewed.

3. Translate the following sentences. Identify the Passive Voice forms,
the Participle, the Gerund, and multifunctional words.

1) The beam is reflected, scattered, and diffracted by the physical
features of the object and arrives on a photographic plate at P.

2) The plate, when developed, is called a hologram.

3) This pattern of fringes contains all the optical information of the
object being photographed.

4) The close-packed, fine-detailed fringes on the hologram negative
act as a diffraction grating, bending or diffracting the remaining
light to exactly reverse the original condition of the coherent light
waves that created the hologram.

5) This phase information is what provides the three-dimensional
characteristics of the image, as it contains within it exact
information on the depths and heights of the various contours of
the object.

6) It is possible to photograph the reconstituted image, at B, by
ordinary photographic means, at a selected depth, in exact focus.
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7) The real image from a hologram — that is, the one that can be
photographed — appears pseudoscopic, or with a reversed
curvature.

8) This reversal can be eliminated by making a double hologram,
first by preparing the single hologram and then by using it as an
object in the creation of a second hologram.

9) This reversal can be eliminated by making a double hologram,
first by preparing the single hologram and then by using it as an
object in the creation of a second hologram.

10) Three holograms could be superimposed on the same plate, using
three lasers of different colours.

4. Read the text again and trace connecting words and phrases. If
necessary, check their meaning.

TEXT 3

1. Read the text and highlight the advantages of pulsed laser
holography.

Pulsed-Laser Holography

A moving object can be made to appear to be at rest when a hologram
is produced with the extremely rapid and high-intensity flash of a pulsed
ruby laser. The duration of such a pulse can be less than 1/10,000,000 of a
second; and, as long as the object does not move more than 1/10 of a
wavelength of light during this short time interval, a usable hologram can
be obtained. A continuous-wave laser produces a much less intense beam,
requiring long exposures; thus it is not suitable when even the slightest
motion is present.

With the rapidly flashing light source provided by the pulsed laser,
exceedingly fast-moving objects can be examined. Chemical reactions
often change optical properties of solutions; by means of holography, such
reactions can be studied. Holograms created with pulsed lasers have the
same three-dimensional characteristics as those made with CW sources.

Pulsed-laser holography has been used in wind-tunnel experiments.
Usually high-speed air flow around aerodynamic objects is studied with
an optical interferometer (a device for detecting small changes in
interference fringes, in this instance caused by variations in air density).
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Such an instrument is difficult to adjust and hard to keep stable.
Furthermore, all of its optical components (mirrors, plates, and the like) in
the optical path must be of high quality and sturdy enough to minimize
distortion under high gas-flow velocities. The holographic system,
however, avoids the stringent requirements of optical interferometry. It
records interferometrically refractive-index changes in the air flow created
by pressure changes as the gas deflects around the aerodynamic object.

2. On the Internet, look for information about other applications of
pulsed-laser holography and share it with other students.

TEXT 4

1.  Read the text and identify the topic of each paragraph.

Major Applications of Holography

1. Because the real image from the hologram can be viewed by a
camera or microscope, it is possible to examine difficult and even
inaccessible regions of the original object. This feature renders
holography useful for many purposes. A deep, narrow depression on a
plane, for example, cannot often be reached by a microscope objective
because of working distance limitations. If the detail can be reached by
coherent light, however, a hologram can be taken and its image
reconstructed. Since this image is aerial, the microscope can be positioned
in such a way that it can focus on the required region. In the same way, a
camera also can be focused at the required depth and can photograph
objects inside a deep transparent chamber.

2. Many holographic applications exploit the fact that composite
repeat holograms of a surface tilted slightly after each exposure can be
treated as composite, repeat wave patterns. If two such patterns are
matched, a condition arises that is effectively the same as that which
exists in ordinary classical two-beam interferometry, in which a single
light source is split into two beams and the beams recombined to form
interference patterns. Such an arrangement can be set up in several ways;
in one, a holographic exposure is made of a surface, then, before the
hologram is removed or developed, the surface is slightly tilted and a
repeat hologram is made, superimposed on the first hologram. When this
double hologram is reconstructed, the object as well as the surface
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covered by the interference fringes caused by surface irregularities can be
seen. These fringes reveal microtopographic information about the object.

3. Holographic interferometry can be applied successfully to any
situation in which the wave front is modified slightly, no matter how
complex the surface may be. Elastic deformation effects can be studied by
superimposing the two wave fronts on the hologram, reflected before and
after the elastic distortion effect has been introduced. When reconstructed,
the hologram provides a clear picture of the object, crossed by
interference fringes. Even highly complex shapes respond to this approach
in a manner that would be impossible in classical interferometry. There is
also great flexibility in the choice of methods used to apply distortions,
and even these conditions alone often completely exclude optical
interferometry. Not only static distortion but also slow dynamic variations
can be studied in this manner. And with pulsed ruby lasers, very fast,
short-time variations can be studied.

4. Time variations in the shape of an object are not usually studied
with a single, double-exposure hologram but by an alternative method.
First, a hologram is made of the object in its free, unstressed condition.
Then the object is stressed and a new hologram made. The stressed
hologram is viewed through the original unstressed hologram, and the
superposition provides the interference fringe pattern that would have
been produced by a double exposure. By such means, time variations can
be studied. Valuable studies have been made of mechanically vibrating
systems, such as diaphragms, musical instruments (e.g., the belly of a
violin), vibrating steam-turbine blades, and the like. The examination of
large engineering components, measuring as much as one metre (about
three feet) in length, imposes special problems. The distance between the
hologram plate and the object must be great enough to ensure that all of
the object can be seen at once. In turn, laser power must be increased,
high demands on the coherence of light are imposed, and mechanical
stability of the whole setup must be exceptionally good.

5. When hologram interferometry is applied to the examination of
vibrations set up in a rapidly rotating turbine blade, stroboscopic
techniques aid the analysis. The laser light is stroboscopically interrupted
at the same frequency as the rotation of the turbine blade, and, with the
blade thus apparently at rest, a hologram is produced. Consequently, a
holographic interferometric pattern is created for the blade whose motion
is stopped by stroboscopic action. By slightly altering the frequency of the
stroboscope arrangement, a slow scan can be made over the complete
vibrational stress pattern to which the blade is subjected. Much
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information about stresses in turbine blades and other rotating or vibrating
objects can be obtained from such holograms.

6. Although holography can solve many problems, it still is a
relatively expensive procedure. It has been used — or misused — in
applications more amenable to simpler and cheaper methods. The laser
system by itself is a fairly complex and costly piece of equipment, and
costs are aggravated further by the additional equipment and the long
exposure times required to produce holograms and reconstruct images.
Aside from its uses in microscopy and interferometry, holography is
therefore applied only when other methods have failed or are not precise
enough.

2.  Read the text again and say what makes holography useful in many
applications, on the one hand, and what limits its utility, on the
other.

TEXT §

1.  Read the text and answer the questions.

1) How is a hologram defined in the text below? Compare the
description of a hologram in Text 1 with that in Text 5. Which do
you think is better and why?

2) What is the most basic difference in the recording of reflection
holograms and transmission holograms?

3) What hybrid holograms are mentioned in the text?

Types of holograms

A hologram is a recording in a two- or three-dimensional medium of
the interference pattern formed when a point source of light (the reference
beam) of fixed wavelength encounters light of the same fixed wavelength
arriving from an object (the object beam). When the hologram is
illuminated by the reference beam alone, the diffraction pattern recreates
the wave fronts of light from the original object. Thus, the viewer sees an
image indistinguishable from the original object.

There are many types of holograms, and there are varying ways of
classifying them.
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A. Reflection holograms

The reflection hologram, in which a truly three-dimensional image is
seen near its surface, is the most common type shown in galleries. The
hologram is illuminated by a "spot" of white incandescent light, held at a
specific angle and distance and located on the viewer's side of the
hologram. Thus, the image consists of light reflected by the hologram.
Recently, these holograms have been made and displayed in color — their
images optically indistinguishable from the original objects. If a mirror is
the object, the holographic image of the mirror reflects white light; if a
diamond is the object, the holographic image of the diamond is seen to
"sparkle".

Although mass-produced holograms such as the eagle on the VISA
card are viewed with reflected light, they are actually transmission
holograms "mirrorized" with a layer of aluminum on the back.

B. Transmission holograms

The typical transmission hologram is viewed with laser light, usually
of the same type used to make the recording. This light is directed from
behind the hologram and the image is transmitted to the observer's side.
The virtual image can be very sharp and deep. For example, through a
small hologram, a full-size room with people in it can be seen as if the
hologram were a window. If this hologram is broken into small pieces (to
be less wasteful, the hologram can be covered by a piece of paper with a
hole in it), one can still see the entire scene through each piece.
Depending on the location of the piece (hole), a different perspective is
observed. Furthermore, if an undiverged laser beam is directed backward
(relative to the direction of the reference beam) through the hologram, a
real image can be projected onto a screen located at the original position
of the object.

C. Hybrid holograms

Between the reflection and transmission types of holograms, many
variations can be made.

* Embossed holograms: To mass produce cheap holograms for
security application such as the eagle on VISA cards, a two-dimensional
interference pattern is pressed onto thin plastic foils. The original
hologram is usually recorded on a photosensitive material called
photoresist. When developed, the hologram consists of grooves on the
surface. A layer of nickel is deposited on this hologram and then peeled
off, resulting in a metallic "shim". More secondary shims can be produced
from the first one. The shim is placed on a roller. Under high temperature
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and pressure, the shim presses (embosses) the hologram onto a roll of
composite material similar to Mylar.

* Integral holograms: A transmission or reflection hologram can be
made from a series of photographs (usually transparencies) of an object —
which can be a live person, an outdoor scene, a computer graphic, or an
X-ray picture. Usually, the object is "scanned" by a camera, thus
recording many discrete views. Each view is shown on an LCD screen
illuminated with laser light and is used as the object beam to record a
hologram on a narrow vertical strip of holographic plate (holoplate). The
next view is similarly recorded on an adjacent strip, until all the views are
recorded. When viewing the finished composite hologram, the left and
right eyes see images from different narrow holograms; thus, a
stereoscopic image is observed. Recently, video cameras have been used
for the original recording, which allows images to be manipulated
through the use of computer software.

* Holographic interferometry: Microscopic changes on an object can
be quantitatively measured by making two exposures on a changing
object. The two images interfere with each other and fringes can be seen
on the object that reveal the vector displacement. In real-time holographic
interferometry, the virtual image of the object is compared directly with
the real object. Even invisible objects, such as heat or shock waves, can be
rendered visible. There are countless engineering applications in this field
of holometry.

» Multichannel holograms: With changes in the angle of the viewing
light on the same hologram, completely different scenes can be observed.
This concept has enormous potential for massive computer memories.

» Computer-generated holograms: The mathematics of holography is
now well understood. Essentially, there are three basic elements in
holography: the light source, the hologram, and the image. If any two of
the elements is predetermined, the third can be computed. For example, if
we know that we have a parallel beam of light of certain wavelength and
we have a "double-slit" system (a simple "hologram"), we can calculate
the diffraction pattern. Also, knowing the diffraction pattern and the
details of the double-slit system, we can calculate the wavelength of the
light. Therefore, we can dream up any pattern we want to see. After we
decide what wavelength we will use for observation, the hologram can be
designed by a computer. This computer-generated holography (CGH) has
become a sub-branch that is growing rapidly. For example, CGH is used
to make holographic optical elements (HOE) for scanning, splitting,
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focusing, and, in general, controlling laser light in many optical devices
such as a common CD player.
(Basic Principles and Applications of Holography - SPIE)

2. Give on overview of different types of holograms. Draw a mind-map
to help you do the task.

3. Find additional information on one of the hybrid holograms and
share it with other students.

CHECK YOURSELF

1. Translate the text at sight. State the functions of the Participle and
the Gerund. Identify the Absolute Participial Construction.

From 1960 onwards, holography grew rapidly, both in fields of
display and scientific imagery. Two scientists working in a lab at the
University of Michigan, Emmett Leith and Juris Upatnieks, developed the
basics of the reflection hologram as we know it today. Meanwhile, in the
Soviet Union, Yuri Denisyuk, who was also working on optical
holography, invented another type of hologram which is also still in use.

People became interested in holography as a creative medium in the
mid to late 60's, with focal points developing in San Francisco, New York
and London. Leith and Upatnieks as well as Stephen A. Benton all
developed processes for making holograms that were viewable using
ordinary white light. Art holography was born.

A revolutionary technique for mass-producing holograms cheaply and
in very large numbers was developed in the mid 1970's. Known as the
embossed hologram, this is the type of holography that most of us are
familiar with, seen on credit cards and bank notes.

2. Translate the text in writing. Time limit: 35 min.

Interferometry and holography

The coherence of laser light is crucial for interferometry and
holography, which depend on interactions between light waves to make
extremely precise measurements and to record three-dimensional images.
The result of adding light waves together depends on their relative phases.
If the peaks of one align with the valleys of the other, they will interfere
destructively to cancel each other out; if their peaks align, they will
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interfere constructively to produce a bright spot. This effect can be used
for measurement by splitting a beam into two identical halves that follow
different paths. Changing one path just half a wavelength from the other
will shift the two out of phase, producing a dark spot. This technique has
proved invaluable for precise measurements of very small distances.

Holograms are made by splitting a laser beam into two identical
halves, using one beam to illuminate an object. This object beam then is
combined with the other half — the reference beam — in the plane of a
photographic plate, producing a random-looking pattern of light and dark
zones that record the wave front of light from the object. Later, when laser
light illuminates that pattern from the same angle as the reference beam, it
is scattered to reconstruct an identical wave front of light, which appears
to the viewer as a three-dimensional image of the object. Holograms now
can be mass-produced by an embossing process, as used on credit cards,
and do not have to be viewed in laser light.

3. Translate the sentences into English.

1) Tomorpadusi Kak MeETOJ] BOCCTAHOBICHHS BOJHOBOTO (hpoHTa
obuta pemioxkena Jl. 'abopom B 1947 rony.

2) JI. T'abop TeopeTwdeckn W SKCIEPUMEHTAIHLHO OOOCHOBAJ BO3-
MOYHOCTB 3aITUCH U MOCIEIYIOUIETO BOCCTAHOBICHUS aMILUTUTY b1
u (a3l BOJNHBI MpPU HCHOJB30BAHMHM JABYMEPHOH (TJIOCKOIA)
PETUCTPUPYIOIIEH Cpebl.

3) OcHOBBI COBpeMEeHHOU royorpaduu OBLTH 3aJI0KCHBI B Hadaye
1960-x rogoB 61arogapsi MOSIBICHHUIO Ja3epOB.

4) DJleiir u H).YmarHuekc, pa3paboTaBIIMEe BHEOCEBYIO CXEMY
3amucu ronorpamMm (off-axis hologram recording scheme), a
take J.H. JleHuCIOK, MpeaIoKUBIIHIA TONOTpauIecKuii METOT
C 3aITMCBI0 B TPEXMEPHBIX CPeIax, BHECIU 3HAYNTEIbHBIN BKIIA B
pasBuUTHE rojorpadum.

5) Husa oOpa3oBaHHs TroJIOTPaMMBbI, KOTOpasi, M0 CyTH, SBJSCTCS HH-
TephepeHIMOHHON KapTHHOH, HEOOXOIUMO CYIIECTBOBAHHUE, MO
KpaifHeil Mepe, IByX KOTepEHTHBIX BOJIH.

6) OCHOBHBIE CBOWCTBA M OCOOEHHOCTH TOJIOTPAMM CBS3aHBI C BO3-
MOYXHOCTBIO BOCCTAHOBJICHHSI BOJIHBI, HEOTJIMYUMOM OT UCXOIHOU
00BEKTHOW BOIIHBI, T.€. BOJIHBI, CHOPMHUPOBAHHON OOHEKTOM.

7) Jlazep cumraercs HambOoaee dPPEKTUBHBIM U MPUMEHSICMBIM HC-
TOYHHKOM CBETA MPH TOJIOTPaPUICCKON 3aIUCH.

8) Hndopmanus 06 o0beKTe, KaKk W3BECTHO, (PUKCUpyeTCs Ha Tojo-
rpaMMe B BHJ/I€ COBOKYITHOCTH HHTEP(EPEHIIMOHHBIX ITOJIOC.
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9) CymecTByeT MHOTO CIIOCOOOB U3TOTOBJICHHS TOJOTPAMM, U KaX-
Jiasi U3 HUX UMEET CBOU OCOOCHHOCTH.

10) Tosmorpadust HalLia MPUMEHEHHUE B TAKUX 00JIACTSX, KaK ONTHYE-
CKOe TMPUOOPOCTpOCHHE, ONTHYecKas 00paboTka WH(OpMaNuUH,
N300pa3uTeNbHAsT ~ TEXHWKa, HWHTEpHEpOMETpHs,  Ja3zepHas
TEXHUKA, PErucTpanysi  OBICTPONPOTEKAIOUINX  MPOIECCOB,
Hepa3pyLAOMUi KOHTPOJIb U3ENUi U JIp.

4. Render the text into English, either orally or in writing, and entitle
it.

Tepmur "romorpadus”, BKIIOUAIONTUN B ce0s IBa TPEUSCKUX CIIOBA,
03HAYAIONINX B MEpeBone "Bech, MOMHBIA" U "pHCyl0, oTOOpaxaio", ObUT
BBeJIeH B yrnoTpeOieHrne BeHrepckuM ydeHbIM /[I. 'abopom, mpemmoxus-
muM B 1947 romxy MeTO 3alMCH BOJIHOBBIX (DPOHTOB, TIO3BOJISIOIIHNMA CO-
XPaHUTh UHGOPMAIIMIO KaK 00 aMIUIUTYJIE, TaK U O (ha3e perucTpupyeMo-
ro mnydeHus. CBouM poxaeHueMm ronorpadus o0s3aHa MOMBITKAM
VIIYYIIUTh Pa3pemaronyto ClIOCOOHOCTh JIEKTPOHHOTO MHUKPOCKOTA, CY-
HIECTBEHHBIM 00pa3oM OrpaHWYeHHYI0 chepuieckoil adepparuend ex-
TPOHHBIX (HOKYCHUpYIOIUX cucTeM. [IpensicTopus rojorpaguu HaunHAET-
cs ¢ pabor Hemenkoro ¢msuka E. A6Oe (E. Abbe), cozgaBmiero Teopuro
(hopMmHupoBaHUS H300paXKEHUS B MHUKPOCKOIE. B COOTBETCTBHHM ¢ HEWM
nporecc GOPMHUPOBAHHS M300paKEHHS MPEICTaBIsieT COO0H MocieaoBa-
TEJILHOCTh aKTOB Iu(pakuuu u uHTepepeHunu. CHavana H3ITydeHHUE
mudparupyeT Ha CTpyKType o0bekTa. [Ipm sToMm 3a 00bekTOM hopmMupy-
ercsi nudpakmMoOHHOE TI0JIe, MPEACTaBIISIoNIee COO0H COBOKYITHOCTH
BOJIH, TU(parvupoBaHHbIX Ha CTPYKType oObekTa. [locne vero B3anmHas
uHTep(hepeHIns dTUX BOIH (popmupyeT nzodpakenue odowrekra. [locmeno-
BaTenn AOO€ TBITAUCh PEUINTh 33Jady pa3[esieHUs] yKa3aHHBIX BHIIIE
aKTOB M MX MPaKTHYECKOr0 MCHOJNb30BaHMs. B wactHocTH, M. Bonbdke
(M. Wolfke) B 1920 romy xoTen peann3oBaTh TUGPAKIHOHHYIO YaCTh
mpoIecca B PEHTT€HOBCKOM HM3ITyYeHUH, a MHTepPEepEeHIINOHHYIO JacTh —
B BUIUMOM cBeTe. OnbIThl Bonb(ke 3akOHUMIINCH HeyAauye, MOCKOJIBKY,
peructpupys AudpakuroOHHOE T0Je Ha (OTOIUIACTHHE, OH TepsT HHPOP-
Mamuio o ((azoBoit cocraBmsromerd mons. [lozmaee VY. JI. Bparr
(W. L. Bragg), noBropsist onbITel Bonb(ke U MCIIONb3ys CIOASHBIE TIa-
CTHHKH JJIsl BHECEHUS (pa30BbIX 3aJep)KEK B OTAENbHBIC yUYaCTKH JU(paK-
[UOHHOTO TIOJIS, MOJyYHJI N300paKeHHUEe paclpe/ielieHUus] aTOMOB B KpH-
crammte. B 1935 roxy ®@. Lepauke (F. Zernike) nmpemmokmi oTka3aTbCs OT
nooopa a3kl U OCYIIECTRIIATH €€ 3aMuch MyTeM J00aBICHUS KOTEPEHT-
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HOTO (hOHA, T.e. OTIOPHOW BOJHEI, K JAU(PpaKIMOHHONH KapTuHe. OmaHAKO
NPaKTHYECKU PEalN30BaTh CBOE MPEUIOKEHHE OH TaK U He cMOT. JIumib B
1948 rony /. I'abopy yaanoch ¢ MOMOIIBIO M3MYYECHUS! PTYTHOH JIaMITBI
(mercury-vapor lamp) 3aperucTpupoBaTh KapTHHY WHTEPPEPECHIINHA TBYX
BOJIH, 00JIaJafolX OTHOCHTEIBHO BBICOKOW CTEIEHBIO KOT€PEHTHOCTH:
BOJIHBI, IU(parupoBaHHON Ha 00BEKTE, 1 OHOBOM KBA3UIIOCKOH BOJHEI
(quasi-plane wave), urpatomieid ponb kKorepeHTHOro (oHa. B kadecTe
00BEKTa OH HCIIOIH30Ba] OWHAPHBIA TpaHCIApaHT (transparency), comep-
KAl JIMIIb TPO3pavyHble M Hempo3pauHble y4acTkd. CKBO3b HENpo-
3payvHbIC YYACTKU MPOXOIUI KOTepeHTHbIH (oH. Hempo3paunslie ydacTku
TpaHcnapanta (HopMHpPOBaATH TU(PAKIIMOHHOE IOJe OOBEKTa. 3aperu-
CTpUpOBaHHAs TaKUM 00pa3oM WHTEep(EepeHIUOHHAs KapTHHA MOIy4HiIa
Ha3BaHue ronorpamMmel. 1. ['abopy 3a aty padoty B 1971 rogy Obuia npu-
cyxnaeHa Hobenerckas nmpeMust mo usuke.

(Kopemes C.H. OcHoBsl ronorpaduu ¥ rororpaMMHOM ONTHKH)

FOCUS ON PRODUCTIVE WRITING
AND SPEAKING SKILLS

1. Write a paragraph of 100-120 words to describe one type of
holograms at your choice. Ensure continuity within a paragraph
using proper means of cohesion.

2. Prepare a 5-minute talk on one of the following topics. You may
choose any other topic related to holography which is not on the
list.

1) Holography pioneers

2) Holography in healthcare applications

3) Interactive holograms

4) Touchable holograms

5) Cutting-edge technologies in holography

KEY WORDS AND WORD COMBINATIONS

Amplitude

amplitude content
Background
Beam
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incident beam, reference beam, laser beam, object beam
Coherence
high degree of coherence
Crest
Deflection
Diffraction
diffraction grating
Distortion
distortion effect
Electron microscope
Exposure
Hologram
double-exposure hologram, embossed hologram, hybrid hologram,
integral hologram, multichannel hologram, reflection hologram,
repeat hologram, transmission hologram; hologram negative
Holography
computer-generated holography (CGH), pulsed-laser holography
Image
mirror image, real image, reconstructed image, three-dimensional
image, virtual image
Interference
interference fringes
Interferometry
holographic interferometry, optical interferometry
Laser
continuous-wave laser, pulsed laser
Lens
Light
(in)coherent light, ordinary light, white incandescent light
Pattern
diffraction pattern, fringe pattern, holographic interferometric pattern,
interference pattern, wave pattern; pattern of stripes and whorls
Phase
in phase; phase content, phase relationships

Photographic plate

Reconstruction
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Recording
photographic recording
Reflection

Resolving power

Three-dimensional
three-dimensional character, three-dimensional characteristics, three-
dimensional realism, three-dimensional representation

Transparency
Trough

Wave
wave front, wavelength



UNIT 2. LASER

TEXT 1

1. Check the pronunciation of these words in a dictionary. If
necessary, specify their meaning.

alignment, atom, atomic, audio, automated, bomb, broad, chromium,
debate, designator, diverse, envision, excess, frequency, guide,
helium, litigation, neon, patent, profile, project, retina, royalty, ruby,
spontaneously, surgeon, target, tiny

2. Read the text about the history of the laser and answer the
questions below.

1) What is Einstein's contribution to the laser?

2) Who developed the idea of a maser? What does the acronym
'maser’ stand for?

3) Who coined the word laser and what does it stand for?

4) When were the first ruby, gas and semiconductor lasers built and
by whom?

5) What made helium-neon lasers commercially successful?

6) What application did ruby lasers find?

7) What other applications of lasers followed?

History

1. The laser is an outgrowth of a suggestion made by Albert Einstein
in 1916 that under the proper circumstances atoms could release excess
energy as light — either spontaneously or when stimulated by light.
German physicist Rudolf Walther Ladenburg first observed stimulated
emission in 1928, although at the time it seemed to have no practical use.

2. In 1951 Charles H. Townes, then at Columbia University in New
York City, thought of a way to generate stimulated emission at microwave
frequencies. At the end of 1953, he demonstrated a working device that
focused “excited” ammonia molecules in a resonant microwave cavity,
where they emitted a pure microwave frequency. Townes named the
device a maser, for “microwave amplification by the stimulated emission
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of radiation.” Aleksandr Mikhaylovich Prokhorov and Nikolay
Gennadiyevich Basov of the P.N. Lebedev Physical Institute in Moscow
independently described the theory of maser operation. For their work all
three shared the 1964 Nobel Prize for Physics.

3. An intense burst of maser research followed in the mid-1950s, but
masers found only a limited range of applications as low-noise microwave
amplifiers and atomic clocks. In 1957 Townes proposed to his brother-in-
law and former postdoctoral student at Columbia University, Arthur L.
Schawlow (then at Bell Laboratories), that they try to extend maser action
to the much shorter wavelengths of infrared or visible light. Townes also
had discussions with a graduate student at Columbia University, Gordon
Gould, who quickly developed his own laser ideas. Townes and
Schawlow published their ideas for an “optical maser” in a seminal paper
in the December 15, 1958, issue of Physical Review. Meanwhile, Gould
coined the word laser and wrote a patent application. Whether Townes or
Gould should be credited as the “inventor” of the laser thus became a
matter of intense debate and led to years of litigation. Eventually, Gould
received a series of four patents starting in 1977 that earned him millions
of dollars in royalties.

4. The Townes-Schawlow proposal led several groups to try building
a laser. The Gould proposal became the basis of a classified military
contract. Success came first to Theodore H. Maiman, who took a different
approach at Hughes Research Laboratories in Malibu, California. He fired
bright pulses from a photographer’s flash lamp to excite chromium atoms
in a crystal of synthetic ruby, a material he chose because he had studied
carefully how it absorbed and emitted light and calculated that it should
work as a laser. On May 16, 1960, he produced red pulses from a ruby rod
about the size of a fingertip. In December 1960 Ali Javan, William
Bennett, Jr., and Donald Herriott at Bell Labs built the first gas laser,
which generated a continuous infrared beam from a mixture of helium and
neon. In 1962 Robert N. Hall and coworkers at the General Electric
Research and Development Center in Schenectady, New York, made the
first semiconductor laser.

5. While lasers quickly caught the public imagination, perhaps for
their similarity to the “heat rays” of science fiction, practical applications
took years to develop. A young physicist named Irnee D’Haenens, while
working with Maiman on the ruby laser, joked that the device was “a
solution looking for a problem,” and the line lingered in the laser
community for many years. Townes and Schawlow had expected laser
beams to be used in basic research and to send signals through air or
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space. Gould envisioned more powerful beams capable of cutting and
drilling many materials. A key early success came in late 1963 when two
researchers at the University of Michigan, Emmett Leith and Juris
Upatnieks, used lasers to make the first three-dimensional holograms.

6. Helium-neon lasers were the first lasers with broad commercial
applications. Because they could be adjusted to generate a visible red
beam instead of an infrared beam, they found immediate use projecting
straight lines for alignment, surveying, construction, and irrigation. Soon
eye surgeons were using pulses from ruby lasers to weld detached retinas
back in place without cutting into the eye. The first large-scale application
for lasers was the laser scanner for automated checkout in supermarkets,
which was developed in the mid-1970s and became common a few years
later. Compact disc audio players and laser printers for personal
computers soon followed.

7. Lasers have become standard tools in diverse applications. Laser
pointers highlight presentation points in lecture halls, and laser target
designators guide smart bombs to their targets. Lasers weld razor blades,
write patterns on objects on production lines without touching them,
remove unwanted hair, and bleach tattoos. Laser rangefinders in space
probes profiled the surfaces of Mars and the asteroid Eros in
unprecedented detail. In the laboratory, lasers have helped physicists to
cool atoms to within a tiny fraction of a degree of absolute zero.

LANGUAGE REVIEW
Focus on word formation

1. Form nouns from the following verbs.
absorb, align, amplify, construct, discuss, emit, excite, invent,
irrigate, propose, research, solve, suggest, vision

2. Identify what part of speech these words represent in the text.

approach (par.4), cool (par.7), credit, debate (par.3), fire (par.4),
focus (par.2), guide, probe, profile (par.7), range (par.3), release
(par.1), share (par.2), target (par.7)

3. Comment on the stress in the words 'projecting’ and 'surveying' in
paragraph 6.
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Focus on grammar
1.  Answer the questions.

1) What are the main functions of the Infinitive in the sentence?
2) What Infinitive constructions are often used in scientific texts?
3) What types of Complex Sentences can you name?

2. Do the following tasks.

1) Identify the Complex Subject in paragraph 1 and translate the
sentence it is used in.

2) State the function of infinitives 'to generate' (par.2), 'to excite'
(par.4), 'to weld' (par. 6)

3) Find the Complex Object in paragraph 5 and translate the sentence
it is used in.

4) Trace gerunds in paragraphs 5, 6 and 7 and state their functions.

5) Identify the Subject Clause in paragraph 3 and translate the
sentence it occurs in.

6) State the difference in meaning of the word 'while' in the first and
second sentences in paragraph 5.

7) Indicate the asyndetically joined clause in paragraph 4.

Focus on paragraph structure and content
1.  Answer the questions.

1) What key terms and phrases provide an effective means of
connecting the sentences in all the paragraphs of Text 1?

2) What parallel structures are used in paragraph 7?

3) What connecting words occur in Text 1? What do they express?

2. Do the following tasks.

1) Indicate the topic sentence in each paragraph of Text 1.
2) Develop the idea of each topic sentence.
3) Sum up the main points of Text 1.

Focus on vocabulary

1. Define or explain these terms.

laser, maser, resonant microwave cavity, low-noise microwave
amplifier, atomic clock, ruby laser, gas laser, semiconductor laser,
laser target designator, laser rangefinder
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Give English equivalents for the following word combinations.

BBIHY/ICHHOE€ W3Iy4YeHHE, MHMKpPOBOJHOBBIE YacTOTHI, MHKpOBOJ-
HOBBI pPE30HATOP, MANOIIYMSIIANA MHUKPOBOJIHOBBINA YCHIIUTEINb,
reJui-HeOHOBBIN J1a3ep, Ja3epHbIM CKaHep MJi1 aBTOMAaTHYECKOU
IIPOBEPKH, JIa3€PHBIN LieTIeyKa3aTelb, JJA3EPHbIN TalbHOMED

Give Russian equivalents for the following word combinations.
Make up sentences with some of them.

to release excess energy, to have no practical use, to generate
stimulated emission, to find a limited range of application, a seminal
paper, to write a patent application, to become a matter of intense
debate, to lead to years of litigation, a classified military contract, to
take a different approach, to fire bright pulses from a photographer's
flash lamp, to excite chromium atoms, a crystal of synthetic ruby, to
absorb and emit light, to generate a continuous infrared beam, a
mixture of helium and neon, to catch the public imagination, a
solution looking for a problem, lasers with broad commercial
applications, to find immediate use, to weld detached retinas back in
place, to cool atoms to within a tiny fraction of a degree of absolute
Zero

TEXT 2

Read the text and explain the following terms.

ground state, excited state, population inversion, three-level laser,
four-level laser, metastable state, extra transition state

State the advantages of the four-level laser over the three-level one.

Fundamental Principles
Energy levels and stimulated emissions

Laser emission is shaped by the rules of quantum mechanics, which

limit atoms and molecules to having discrete amounts of stored energy
that depend on the nature of the atom or molecule. The lowest energy
level for an individual atom occurs when its electrons are all in the nearest
possible orbits to its nucleus. This condition is called the ground state.
When one or more of an atom’s electrons have absorbed energy, they can
move to outer orbits, and the atom is then referred to as being “excited.”
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Excited states are generally not stable; as electrons drop from higher-
energy to lower-energy levels, they emit the extra energy as light.

Einstein recognized that this emission could be produced in two
ways. Usually, discrete packets of light known as photons are emitted
spontaneously, without outside intervention. Alternatively, a passing
photon could stimulate an atom or molecule to emit light — if the passing
photon’s energy exactly matched the energy that an electron would release
spontaneously when dropping to a lower-energy configuration. Which
process dominates depends on the ratio of lower-energy to higher-energy
configurations. Ordinarily, lower-energy configurations predominate. This
means that a spontaneously emitted photon is more likely to be absorbed
and raise an electron from a lower-energy configuration to a higher-
energy configuration than to stimulate a higher-energy configuration to
drop to a lower-energy configuration by emitting a second photon. As
long as lower-energy states are more common, stimulated emission will
die out.

However, if higher-energy configurations predominate (a condition
known as population inversion), spontaneously emitted photons are more
likely to stimulate further emissions, generating a cascade of photons.
Heat alone does not produce a population inversion; some process must
selectively excite the atoms or molecules. Typically, this is done by
illuminating the laser material with bright light or by passing an electric
current through it.

The simplest conceivable system, such as the ammonia maser built by
Townes, has only two energy levels. More useful laser systems involve
three or four energy levels. In a three-level laser, the material is first
excited to a short-lived high-energy state that spontaneously drops to a
somewhat lower-energy state with an unusually long lifetime, called a
metastable state. The metastable state is important because it traps and
holds the excitation energy, building up a population inversion that can be
further stimulated to emit radiation, dropping the species back to the
ground state. The ruby laser developed by Theodore Maiman is an
example of a three-level laser.

Unfortunately, the three-level laser works only if the ground state is
depopulated. As atoms or molecules emit light, they accumulate in the
ground state, where they can absorb the stimulated emission and shut
down laser action, so most three-level lasers can only generate pulses.
This difficulty is overcome in the four-level laser, where an extra
transition state is located between metastable and ground states. This
allows many four-level lasers to emit a steady beam for days on end.
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Three-level laser. A burst of energy excites electrons in more than half of the
atoms from their ground state to a higher state, creating a population inversion.
The electrons then drop into a long-lived state with slightly less energy, where
they can be stimulated to quickly shed excess energy as a laser burst, returning
the electrons to a stable ground state. Encyclopcedia Britannica, Inc.
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laser emission

excitation

ground state

Four-level laser. A sustained laser beam can be achieved by using atoms that
have two relatively stable levels between their ground state and a higher-energy
excited state. As in a three-level laser, the atoms first drop to a long-lived
metastable state where they can be stimulated to emit excess energy. However,
instead of dropping to the ground state, they stop at another state above the
ground state from which they can more easily be excited back up to the higher
metastable state, thereby maintaining the population inversion needed for
continuous laser operation. Encyclopcedia Britannica, Inc.



LASER 33

3. Fill in the gaps with appropriate adverbs as they occur in the text
from memory: alternatively, ordinarily, typically, unfortunately,
usually. If necessary, check their meaning in a dictionary.

1) ..., discrete packets of light known as photons are emitted
spontaneously, without outside intervention.

2) ..., a passing photon could stimulate an atom or molecule to emit
light [...].

3) ..., lower-energy configurations predominate.

4) ..., this is done by illuminating the laser material with bright light
or by passing an electric current through it.

5) ..., the three-level laser works only if the ground state is
depopulated.

4. Translate the following sentences into Russian. If necessary, refer
to the text to clarify the context.

1) When one or more of an atom's electrons have absorbed energy,
they can move to outer orbits, and the atom is then referred to as
being "excited".

2) Which process dominates depends on the ratio of lower-energy to
higher-energy configurations.

3) This means that a spontancously emitted photon is more likely to
be absorbed and raise an electron from a lower-energy
configuration to a higher-energy configuration than to stimulate a
higher-energy configuration to drop to a lower-energy
configuration by emitting a second photon.

4) However, if higher-energy configurations predominate (a condition
known as population inversion), spontaneously emitted photons
are more likely to stimulate further emissions, generating a
cascade of photons.

5) The metastable state is important because it traps and holds the
excitation energy, building up a population inversion that can be
further stimulated to emit radiation, dropping the species back to
the ground state.

TEXT 3

1. Check the pronunciation of the following words in a dictionary.
gelatin, neodymium (Nd), erbium (Er), ytterbium (Yb), titanium (Ti),
sapphire, argon (Ar), krypton (Kr), watt, ion, carbon (C), dioxide,
diode, dye, ultraviolet, VCSEL, yttrium (Y)
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2.  Read the text and identify the topic of each paragraph.

Types of lasers

1. Crystals, glasses, semiconductors, gases, liquids, beams of high-
energy electrons, and even gelatin doped with suitable materials can
generate laser beams. In nature, hot gases near bright stars can generate
strong stimulated emission at microwave frequencies, although these gas
clouds lack resonant cavities, so they do not produce beams.

2. In crystal and glass lasers, such as Maiman’s first ruby laser, light
from an external source excites atoms, known as dopants, that have been
added to a host material at low concentrations. Important examples
include glasses and crystals doped with the rare-earth element neodymium
and glasses doped with erbium or ytterbium, which can be drawn into
fibres for use as fibre-optic lasers or amplifiers. Titanium atoms doped
into synthetic sapphire can generate stimulated emission across an
exceptionally broad range and are used in wavelength-tunable lasers.

3. Many different gases can function as laser media. The common
helium-neon laser contains a small amount of neon and a much larger
amount of helium. The helium atoms capture energy from electrons
passing through the gas and transfer it to the neon atoms, which emit light.
The best-known helium-neon lasers emit red light, but they also can be
made to emit yellow, orange, green, or infrared light; typical powers are in
the milliwatt range. Argon and krypton atoms that have been stripped of
one or two electrons can generate milliwatts to watts of laser light at
visible and ultraviolet wavelengths. The most powerful commercial gas
laser is the carbon-dioxide laser, which can generate kilowatts of
continuous power.

4. The most widely used lasers today are semiconductor diode lasers,
which emit visible or infrared light when an electric current passes
through them. The emission occurs at the interface between two regions
doped with different materials. The p-n junction can act as a laser
medium, generating stimulated emission and providing lasing action if it
is inside a suitable cavity. Conventional edge-emitting semiconductor
lasers') have mirrors on opposite edges of the p-n junction, so light
oscillates in the junction plane. Vertical-cavity surface-emitting lasers
(VCSELs)?) have mirrors above and below the p-n junction, so light

1) OOBIYHBIIA MTOTYIPOBOJIHUKOBBIIA JIA3€P C TOPLEBBIM H3Ty4EHHEM
2) IOBEPXHOCTHO-M3JTYYaIONIMI JIa3ep C BEPTHKAJILHBIM PE3OHATOPOM (BEPTH-
KaJIbHO-HM3ITyJaloIni Jiazep)
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resonates perpendicular to the junction. The wavelength depends on the
semiconductor compound.

5. A few other types of lasers are used in research. In dye lasers the
laser medium is a liquid containing organic dye molecules that can emit
light over a range of wavelengths; adjusting the laser cavity changes, or
tunes, the output wavelength. Chemical lasers are gas lasers in which a
chemical reaction generates the excited molecules that produce stimulated
emission. In free-electron lasers stimulated emission comes from electrons
passing through a magnetic field that periodically varies in direction and
intensity, causing the electrons to accelerate and release light energy.
Because the electrons do not transition between well-defined energy
levels, some specialists question whether a free-electron laser should be
called a laser, but the label has stuck. Depending on the energy of the
electron beam and variations in the magnetic field, free-electron lasers can
be tuned across a wide range of wavelengths. Both free-electron and
chemical lasers can emit high powers.

3. Write an outline of the text in the form of questions. Discuss
characteristics of different types of lasers in pairs.

4. As is known, lasers can be classified according to several criteria:
the state of matter of the active (gain) medium (solid, liquid, gas, or
plasma), the mode of operation (CW or pulsed), pumping (electrical
or optical) and laser levels (3-level laser and 4-level laser), etc.
Making use of the information both from the text and the Internet,
divide these lasers into groups:

He-Ne laser, Nd:glass laser, HF laser, CO, laser, Argon:ion laser,
GaAs laser, Nd:YAG laser, InP laser, Rhodamine laser, Ti:sapphire
laser, Coumarin laser, fiber laser, diode laser, VCSEL.

5.  On the Internet, look for information about the excimer laser and
speak about it at some length.

6. Draw a chart describing characteristics of different types of lasers.
Comment on the most significant items.
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TEXT 4

1. Read the text, then draw a mind-map to help you sum up
applications for lasers in medicine.

Medical applications

Surgical removal of tissue with a laser is a physical process similar to
industrial laser drilling. Carbon-dioxide lasers burn away tissue because
their infrared beams are strongly absorbed by the water that makes up the
bulk of living cells. A laser beam cauterizes the cuts, stopping bleeding in
blood-rich tissues. Laser wavelengths near one micrometre can penetrate
the eye, welding a detached retina back into place, or cutting internal
membranes that often grow cloudy after cataract surgery. Less-intense
laser pulses can destroy abnormal blood vessels that spread across the
retina in patients suffering from diabetes, delaying the blindness often
associated with the disease. Ophthalmologists surgically correct visual
defects by removing tissue from the cornea, reshaping the transparent
outer layer of the eye with intense ultraviolet pulses.

Through the use of optical fibres similar to the tiny strands of glass
that carry information in telephone systems, laser light can be delivered to
places within the body that the beams could not otherwise reach. One
important example involves threading a fibre through the urethra and into
the kidney so that the end of the fibre can deliver intense laser pulses to
kidney stones. The laser energy splits the stones into fragments small
enough to pass through the urethra without requiring surgical incisions.
Fibres also can be inserted through small incisions to deliver laser energy
to precise spots in the knee joint during arthroscopic surgery.

Another medical application for lasers is in the treatment of skin
conditions. Pulsed lasers can bleach certain types of tattoos as well as
dark-red birthmarks called portwine stains. Cosmetic laser treatments
include removing unwanted body hair and wrinkles.

2. Look for more information on the use of lasers in medicine and
share it with other students.

TEXT 5

1.  Read excerpts from Tedd Adams' article, in which he presents his
view of the inventions in laser physics highly recognised by the



LASER 37

Nobel Committee in 2018. Dwell on the applications of opftical
tweezers and the importance of the technique called chirped pulsed
amplification.

Our world is full of light, and we depend upon it to power life on our
planet. So it is appropriate to honor three scientists who invented new
ways of using light rays to explore our world.

The 2018 Nobel Prize in physics was awarded to Arthur Ashkin,
Gérard Mourou and Donna Strickland for developing tools made from
light beams. Ashkin won half of the prize for his work on optical
tweezers, which are beams of light that can actually manipulate tiny
objects like cells or atoms, while Mourou and Strickland won the other
half for creating technology that generates high-intensity, ultra-short laser
pulses, which are used for eye surgeries, material sciences, studies of very
fast processes and plasma physics, among others.

What are optical tweezers?

Using light to manipulate our world has become very important in
science and medicine over the past several decades. This year’s physics
Nobel recognizes the invention of tools that have facilitated advances in
many fields. Optical tweezers use light to hold tiny objects in place or
measure their movement. It may seem odd that light can actually hold
something in place, but it has been well-known for more than a century
that light can apply a force on physical objects through what is known as
radiation pressure. In 1969, Arthur Ashkin used lasers to trap and
accelerate micron sized objects such as tiny spheres and water droplets.
This led to the invention of optical tweezers that use two or more focused
laser beams aimed in opposite directions to attract a target particle or cell
toward the center of the beams and hold it in place. Each time the particle
moves away from the center, it encounters a force pushing it back toward
the center.

Steven Chu, Claude Cohen-Tannoudji and William D. Phillips won
the 1997 Nobel Prize in physics for development of laser cooling traps,
known as optical traps, that hold atoms within a confined space. Askhin
and Chu worked together at Bell Laboratories in the 1980s laying the
foundation for work on optical traps. While Chu continued work with
neutral atoms, Ashkin pursued larger, biological targets. In 1987, Ashkin
used optical tweezers to examine an individual bacterium — without
harming the microbe. Now optical tweezers are routinely used in studies
of molecules and cells.
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Why are fast laser pulses important?

Gerard Mourou and Donna Strickland worked together at the
University of Rochester, where they developed the technique called
chirped pulse amplification for laser light. Strickland was a graduate
student and Mourou was her thesis advisor in the mid-1980s. At the time,
progress on creating brighter lasers had slowed. Stronger lasers tended to
damage themselves. Strickland and Mourou invented a way to create more
intense light, but in short pulses.

You are probably most familiar with laser pointers or barcode
scanners, which are just some of the ways we use lasers in everyday life.
But these are relatively low-intensity lasers. Many scientific applications
need much stronger ones.

To solve this problem, Mourou and Strickland used lasers with very
short (ultrashort) pulses — quick bursts of light separated in time. With
chirped pulse amplification, the pulses are stretched in time, making them
longer and less intense, and then the pulses are amplified up to a million
times. When these pulses are compressed again (through reversing the
process used to stretch), the pulses are much more intense than can be
created without the chirped pulse amplification technique. As an analogy,
consider a thick rubber band. When the band is stretched, the rubber
becomes thinner. When it is released, it returns to its original thickness.
Now imagine that there is a way to make the stretched rubber band
thicker. When the band is released, it will end up thicker than the original
band. This is essentially what happens with the laser pulse.

There are a variety of ways the stretching and amplification can be
done, but nearly all of the highest-power lasers in the world use some
variation of this technique. Since the invention of chirped pulse
amplification, the maximum intensity of new lasers has continued a
dramatic rise.

In my own field of particle physics, chirped pulse amplification-based
lasers are used to accelerate beams of particles, possibly providing a path
to greater acceleration in a shorter distance. This could lead to lower-cost,
high-energy accelerators that can push the bounds of particle physics —
enabling us to detect evermore elusive particles and gain a better
understanding of the universe.

But not all particle accelerators are behemoths like the Large Hadron
Collider, which has a circumference of 17 miles. There are some 30,000
industrial particle accelerators worldwide that are used closer to home for
material preparation, cancer treatment and medical research. Mourou and
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Strickland’s work may be used to shrink the size of these accelerators
making them smaller and cheaper.

Ultrafast, high-intensity lasers are also now being used in eye
surgery. They can be used to treat the cornea (surface of the eye) to
improve vision in some patients. The chirped pulse amplification
invention is also used in attosecond science for studying ultrafast
processes. An attosecond is one million trillionth of a second. By having
lasers that produce pulses every attosecond, we can get snapshots of
extremely fast processes such as atoms losing an electron (ionizing) and
then recapturing it.

The 2018 Nobel Prize in physics shines a light on the pioneering
work of these three scientists. Over the past three decades, their inventions
have created avenues of science and medical treatments that were
previously unattainable. It is certain that we will continue to benefit from
their work for a long time.

2. Find more facts about the 2018 Nobel Prize laureates in physics.
Sum up the information in 10-12 sentences.

CHECK YOURSELF

1. Translate the text in writing. Time limit: 40 min.

Laser elements

Population inversions can be produced in a gas, liquid, or solid, but
most laser media are gases or solids. Typically, laser gases are contained
in cylindrical tubes and excited by an electric current or external light
source, which is said to “pump” the laser. Similarly, solid-state lasers may
use semiconductors or transparent crystals with small concentrations of
light-emitting atoms.

An optical resonator is needed to build up the light energy in the
beam. The resonator is formed by placing a pair of mirrors facing each
other so that light emitted along the line between the mirrors is reflected
back and forth. When a population inversion is created in the medium,
light reflected back and forth increases in intensity with each pass through
the laser medium. Other light leaks around the mirrors without being
amplified. In an actual laser cavity, one or both mirrors transmit a fraction
of the incident light. The fraction of light transmitted — that is, the laser
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beam — depends on the type of laser. If the laser generates a continuous
beam, the amount of light added by stimulated emission on each round
trip between the mirrors equals the light emerging in the beam plus losses
within the optical resonator.

partly matehing
. ransparent wavelengths
mirror mirrar

€ 2006 Encyclopedia Eritannica, Ine.

Laser producing a beam. Encyclopeedia Britannica, Inc.

The combination of laser medium and resonant cavity forms what
often is called simply a laser but technically is a laser oscillator.
Oscillation determines many laser properties, and it means that the device
generates light internally. Without mirrors and a resonant cavity, a laser
would just be an optical amplifier, which can amplify light from an
external source but not generate a beam internally. Elias Snitzer, a
researcher at American Optical, demonstrated the first optical amplifier in
1961, but such devices were little used until the spread of communications
based on fibre optics.

2. Translate the sentences into English. Make good use of the key
words from Unit I1.

1) Jlazep — 3TO yCTpOMCTBO, CO3/aIOMIee MyI0K HHTEHCHBHOTO CBETA.
B paborte mazepa HMCHONB3yeTCS CBOWCTBO SJIEKTPOHOB aTroMa
3aHUMATh TOJIBKO OTIpeCIICHHBIE OPOUTHI BOKPYT CBOETO sifpa.
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2)

3)

4)

5)

6)

7)

8)

9)

Eme B 1916 romy O#HImTEHH mpenckasal CymeCTBOBAHUE
SBJICHUSl BBIHYXKJICHHOTO W3IY4YeHUS! — (DUIUUECKOH OCHOBBHI
pabotsl ar0b0TO Na3epa.

[lepBBIMH, KaK W3BECTHO, OBLTH CO3AAHBI WMITYJBCHBIE Ja3ephbl C
BBIPAIICHHBIM KPUCTAZIOM pyOWHAa B KadecTBe aKTUBHOTO
3JIeMEHTa.

l'ennii-HeoHOBBIM ~ Jazep — Hapsagy C  JUOAHBIM U
MOJYTIPOBOAHUKOBEIM — OTHOCHUTCSI K YHCIy Hauboiee 4acto
UCIIOJIb3YEMBIX U CaMbIX TPHUEMJIEMBIX MO IEHE I BUAUMOU
o0JacTu crekTpa.

Jlazepsr Ha cBOOOmHBIX 3MekTpoHax (free-electron lasers) cum-
TaloTCs HauOoyiee TEpCHEeKTUBHBIMH U3 BCEX MCTOYHHUKOB
KOT'€pEHTHOT'O U3JIy4EHUsI.

Teomop  MeliMaH  @epBbIM  pealu30Ball  YCIOBHUS  JJIs
BO3HUKHOBEHMSI BBIHYXJIE€HHOro u3iaydenus 16 mas 1960 rona.
OT0 OBUIO THEM POKACHUS Jla3epa.

Jla co3nanust Ta3epHOTO PEHTTEHOBCKOTO M3ITyUeHHs] HEOOXOIUM
MyYOK 3JIEKTPOHOB, Pa30THAHHBIA B CHHXPOTPOHE JO CKOPOCTH,
OJIM3KOI K CKOPOCTH CBETa.

BeprukanpHO-H3ITydaronie Jiazepsl — pasHOBUIHOCTh AHOIHOTO
Ja3epa, W3MyJaloero CBeT B HAIPaBICHHH, MEPICHIUKYIIPHOM
MOBEPXHOCTH KpPUCTAUIa, B OTIUYHE OT OOBIYHBIX JIa3€PHBIX
JMOAO0B, U3TYYaIOUINX B INIOCKOCTH, apayluIeIbHOW MOBEPXHOCTH.
B nazepax ¢ TOpLEBHIM U3Iy4YEHHEM IIOJYIPOBOIHUKOBAS
yCHIIMBAaIOImas ~ CpeJa  pacloylio)keHa  Ha  TIOBEPXHOCTH
NOJYIPOBOAHUKOBON TMOIUIOKKH. Jlazepel 3TOro THIA LIMPOKO
UCTIOJB3YIOTCSI B KadeCcTBE HMCTOYHWUKA  WBIYdYSHHS  JUIs
ONITUYECKON HAaKa4KH TBEPAOTEIHHBIX JIA3€POB.

Translate the sentences into Russian. ldentify the non-finite forms
of the verb and state their function.

)

2)

Albert Einstein may inadvertently have taken the initial step in
laser development by realizing that two types of emission are
possible. In an article published in 1917, he was the first to
suggest the existence of stimulated emission.

For many years physicists thought that the spontaneous emission
of light was the most likely and dominant form, and that any
stimulated emission would always be much weaker. It was not
until after World War II that the search began for conditions that
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were necessary for stimulated emission to dominate, and to make
one atom or molecule stimulate many others to produce the effect
of amplifying emitted light.

3) A laser requires a mechanism to populate an excited state at a
sufficiently fast rate such that at some time point there are more
molecules in an upper (higher energy) state than in a lower one.
Under these conditions the number of photons produced by
stimulated emission can exceed those absorbed, and optical
amplification or gain will result.

4) In all lasers, it is necessary for energy transitions to occur among
electrons in the lasing medium, and some of these must involve
the emission of photons (chategorized as optical transitions). In
order for these transitions to result in emission of amplified light,
the process of stimulated emission must predominate over either
spontaneous emission or absorption.

5) Two soviet scientists, Nikolai Basov and Aleksander Prokhorov,
shared the 1964 Nobel Prize in physics with Townes for
pioneering work on the principles underlying masers and lasers.

6) Optical fiber communication, extensively used particularly for
long-distance optical data transmission, mostly relies on laser light
in optical glass fibers.

7) Laser ablation bears similarities to laser engraving and laser
marking in the way that the process is complete, but the primary
aim here is not to leave an engraving or a mark. Instead, the aim is
to melt off the top surface layer of material, to reveal the surface
layer below.

8) Fiber lasers, being such flexible, adaptable and versatile pieces of
machinery, can be used for a multitude of fiber laser applications.
The way in which they work means that they offer a huge level of
control to their users over beam intensity, duration, length and
heat output.

9) Lasers used to be considered too highly specialized and costly to
be useful anywhere other than in the laboratory. However, the
devices have since become smaller, more reliable, and less
expensive, which has led to lasers being broadly adopted in
applications ranging from surgery to welding, as well as in
industries like the military and aerospace.
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4. Translate at sight.
Solid state lasers

Solid state lasers are either semiconductor (or diode) lasers pumped
electrically or those with crystalline or glass matrix pumped optically.

Diode lasers use the recombinations between the "electron-hole" pairs
found in the superconductors to emit light in the form of stimulated
emission. The pump source is electrical with an efficiency that can reach
60%. The wavelength can cover from the near UV to the near infrared
depending on the materials chosen (GaN, GaAllnP, AlGaAs ).

These are the most compact and the most efficient lasers available.
The power can now reach several kilowatts by putting together hundreds
of diode lasers and combining them in the same optic fibre. The only
disadvantages of these diode lasers are the poor spatial quality of the
emitted beam and that they cannot operate at a pulsed rate.

Other solid state lasers can compensate for the disadvantages of diode
lasers. They use matrices that cannot conduct current so cannot be
pumped electrically. They are pumped optically by either diode lasers or
arc lamps (flash lamps). The matrices are doped with ions whose
transitions provide the laser effect (Nd**, Yb*", Er'", Ti*"). In general,
solid state lasers emit in the red and near infrared. Of particular interest is
the wavelength of Nd*:YAG(Y3Al5012) with an emission at 1064 nm.

Solid state lasers differ in the geometry of their amplifying media:
some are large (generally crystals) of millimetric dimensions and there are
optic fibers that can be several meters long. The diode pumped solid state
lasers, and particularly the fiber lasers, are extremely robust and have a
lifetime longer than 10,000 hours. They are highly valued for their
industrial applications (welding, marking). Their compactness is an added
advantage.

5.  Render the text into English.
EBponeiicknii peHTreHOBCKHIi Jiazep HA CBOOOAHBIX 3J1eKTPOHAX

B centsibpe 2017 rona B I'epMaHun cocrosiach HEPEMOHUS OTKPHI-
THUSI €BPONEHCKOrO0 PEHTIICHOBCKOIO Ja3epa Ha CBOOOAHBIX 3JIEKTPOHAX
XFEL (X-Ray Free Electron Laser). B npoekre ydactBoBanu 12 crpan.

ITo o6bemMy nenoBoro ydactus Poccus 3aHHMaeT BTOpOE MECTO TI0CIe
T'epmanuun. Poccuiickue crienuanucThl MPECTaBICHbl BO BCEX yIPaBJIsi-
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rormux opranax XFEL u ¢popMupyroT mporpamMmy ero Hay4dHBIX SKCIIEPH-
MEHTOB.

VYcranoBky XFEL cpaBHUBAalOT ¢ TOHHEJIEM MPOTSKEHHOCThIO 3,4
KM. YUeHble COOOINAT, YTO CBEPXIPOBOSAIINN JTUHEHHBINH yCKOPUTEIh
yactul JummHOo# 1,7 kM B coctaBe XFEL cnocoOeH pa3roHsATh IEKTPOHBI
1o sHepruu B 17,5 I'3B. Tlociie pasroHa /10 TaKMX BBICOKHUX SHEPTHM JIeK-
TPOHBI HANPAaBIAIOTCS YEpe3 CHELUANbHBIE MATHUTHBIE CUCTEMBI — OHAY-
nstopsl (undulator). [Ipu 3ToM YacTUIBI HCIYCKAIOT U3Ty4eHHE, KOTOPOe
MOCTENECHHO YCWJIMBAETCS 10 OYEHb KOPOTKUX M MHTEHCUBHBIX PEHTIE-
HOBCKHX BCIIBIILICK.

XFEL mno3BosseT npou3BOANUTE PEKOPAHbBIE 27 ThICAY BCIIBIIIEK B Ce-
KYHIy, KaXaas IIuTeIbHOCTRI0 MeHee 100 dpemTocekyHn ((heMToceKkyHaa
— OJlHa KBaJIpWITMOHHAS JIOJI CEKYHIbI). biaromaps cBouM mapaMerpam
YCTaHOBKA SBISETCS YHUKAJIBHBIM HHCTPYMEHTOM JMJISi HCCIIEOBAaHUS
CBEpPXMANBIX CTPYKTYp, OYEHb OBICTPBIX MPOIECCOB M IKCTPEMATBHBIX
coctossHUi. C MOMOIIBIO 3TOTO Jla3epa YUEHbIE, B YACTHOCTH, MOITYYUIH
BO3MOXXHOCTh TIPOBOJUTH HAy4yHbIE HCCICIOBAaHUS B 001acTH (PU3UKH
TBEPAOTO TeNa, Teo(PHM3WKH, XUMHH, MaTepUATOBEIACHHUA, MEIWIUHBI,
CTPYKTYpPHOU MUKPOOHOIOTHH.

6. Study the milestones in the history of the laser. Give details about
some of the topics on the list.

History of the Laser

1950s

1951

Maser conceived

1954

Maser demonstrated

1955

Pumping method proposed
1956

Microwave solid-state maser developed
1957

Optical maser conceived
1957

Laser conceived
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1958

Optical maser theory discussed
1959

Laser patent application

1960s

1960

Laser patent granted

1960

First laser constructed

1960

Laser announced

1960

Second laser demonstrated

1960

First continuous-beam (He-Ne) laser
1961

Commercial market appearance
1961

Ruby laser improved

1961

First Neodymium glass (Nd: glass) laser
1961

First medical use

1962

Q-switching invented

1962

Gallium-arsenide laser developed
1962

First yttrium aluminum garnet (Y AG) laser
1962

First red-light semiconductor lasers
1963

Laser sales hit $1 million

1963
Mode-locked laser demo'd
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1963

Semiconductor lasers from heterostructure devices proposed
1964

Nd:YAG (neodymium-doped YAG) laser invented

1964

First laser-related Nobel Prize awarded
1964

CO; laser invented

1964

Pulsed argon-ion laser discovered
1965

Two lasers are phase-locked

1965

First chemical laser

1966

Breakthrough in fiber optics

1966

Optical pumping work garners Nobel
1966

Dye laser discovered

1967

Tunable dye laser invented

1968

Laser Industry Association founded
1970s

1970

Patent rights bought

1970

Excimer laser developed

1970

Fiber optics advancement

1970

Optical trapping invented

1970

First continuous-wave room-temp. semiconductor lasers
1972
Quantum well laser invented
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1972

Laser forms electronic circuit patterns

1974

Barcode scanners used in stores

1975

Continuous-wave semiconductor laser commercialized
1975

First quantum-well laser operation

1976

Semiconductor laser demonstrated beyond 1 pm
1976

First free-electron laser (FEL)

1977

Fiber optics installed under Chicago

1977

Gould awarded optical pumping patent

1978

Laser disc hits the home video market

1978

Compact disc (CD) project announced

1980s

1981

Schawlow, Bloembergen win Nobel
1982

Titanium-sapphire laser developed
1982

The audio CD debuts

1985

Lasers used to manipulate atoms
1987

Erbium-doped fiber amplifiers introduced

1990s

1994

Quantum cascade laser invented
1994

Quantum dot laser demonstrated
1994

Single atom laser demonstrated
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1996
First pulsed atom laser
1997
Gallium-nitride (GaN) laser developed
2000s
2003
First laser-powered aircraft flown
2004
Electronic switching in a Raman laser demonstrated
2004
First electrically powered hybrid silicon laser
2007
First mode-locked silicon evanescent laser
2009
Fast laser pulses improve light bulbs
2009
National Ignition Facility dedicated
2009
NASA launches the LRO (Lunar Reconnaissance Orbiter)
2009
Intel announces Light Peak
2009
Multibeam IR-emitting lasers appear
2009
Laser market to hit nearly $6 billion in 2010
2010s
2010
NIF delivers 1 MJ of laser energy
2010
Short-pulse lasers announced
2010
Single-atom laser demonstrated
2012
NIF’s 500-TW Laser Shot Sets Record
2018

NIF delivers 2.5 MJ of laser energy
(https://www.photonics.com)
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FOCUS ON PRODUCTIVE WRITING
AND SPEAKING SKILLS

1. Compare advantages and disadvantages of different types of lasers
and write a paragraph of 120-150 words describing the most
commercially promising laser.

2. Prepare a 5-minute talk on one of the following topics. You may
choose any other topic related to lasers which is not on the list.

1) Laser pioneers

2) The history of the laser

3) Types of the laser

4) High-power laser systems

5) Laser microscopy

6) Laser spectroscopy

7) Scientific applications (laser cooling, optical tweezers, laser guide
stars, etc.)

8) Emerging laser technologies

9) European XFEL

KEY WORDS AND WORD COMBINATIONS

Amplification
chirped pulse amplification, microwave amplification, optical
amplification
Amplifier
low-noise microwave amplifier, optical amplifier
Atomic clocks
Beam
continuous infrared beam, steady beam, sustained laser beam
Cavity
laser cavity, resonant (microwave) cavity
Compound
semiconductor compound
Configuration
higher-energy configuration, lower-energy configuration
Crystal
ruby crystal, transparent crystal
Discharge
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Dopant
Emission

coherent emission, laser emission, random emission, stimulated

emission, spontaneous emission of light
Energy
excess energy, excitation energy; energy transition
Fibre (fiber)
optic fibre; fibre optics, optical fiber communication
Flash lamp
Flashlight
Frequency
microwave frequency
Gain
Host material
Interface
Junction
p-n junction; junction plane
Laser

carbon-dioxide laser, chemical laser, chirped

pulse

amplification-based  laser, = conventional  edge-emitting

semiconductor laser, diode laser, dye laser, fibre laser, four-level
laser, free-electron laser, gas laser, helium-neon laser, low-
intensity laser, pulsed laser, ruby laser, semiconductor laser,
solid state laser, three-level laser, ultrafast high-intensity laser,
vertical-cavity surface-emitting laser, wavelength-tunable laser;
laser ablation, laser cooling trap (optical trap), laser drilling,
laser medium, laser pointer, laser printer, laser rangefinder, laser
scanner, laser target designator, laser welding, laser wavelength

Light

amplified light, incident light, infrared light, laser light, visible
light

Maser

ammonia maser; theory of maser operation

Matrix

crystalline matrix, glass matrix

Medium (media)

active medium, amplifying medium, gain medium, oscillating
medium

Molecule

organic dye molecule
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Optical tweezers
Oscillation
Population inversion
Pump source
Pumping
optical pumping
Radiation
monochromatic coherent radiation
Resonator
optical resonator
Spectrum (spectra)
electromagnetic spectrum
State
excited state, ground state, high-energy state, low-energy state,
metastable state, transition state
Transmission
optical data transmission
Undulator
Wavelength
ultraviolet wavelength, visible wavelength
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TEXT 1

1.  Check the pronunciation of these terms in a dictionary.

beta decay, boson, electron, gauge symmetry, gluon, hyperon, integer
value, lepton, meson, muon, neutrino, neutron, nucleus, photon,
positron, proton, quark

2. Before reading the text, answer the following questions.

1) What is understood by subatomic particles?

2) What are the basic atomic components?

3) What elementary particles are protons and neutrons made up of?
4) How would you define a positron?

5) What are the fundamental interactions of matter?

6) What does the unified field theory attempt to do?

7) Why do you think research in particle physics is important?

3. Read the text and highlight the main points.
Basic concepts of particle physics (I)

Subatomic particles

1. Particle physics is the study of subatomic particles and their
fundamental interactions. A subatomic particle is any of various self-
contained units of matter or energy that are the fundamental constituents
of all matter. They may be elementary or composite. Subatomic particles
include electrons, the negatively charged, almost massless particles that
nevertheless account for most of the size of the atom, and they include the
heavier building blocks of the small but very dense nucleus of the atom,
the positively charged protons and the electrically neutral neutrons. But
these basic atomic components are by no means the only known
subatomic particles. Protons and neutrons, for instance, are themselves
made up of elementary particles called quarks, and the electron is only
one member of a class of elementary particles that also includes the muon
and the neutrino. More-unusual subatomic particles — such as the positron,
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the antimatter counterpart of the electron — have been detected and
characterized in cosmic ray interactions in Earth’s atmosphere. The field
of subatomic particles has expanded dramatically with the construction of
powerful particle accelerators to study high-energy collisions of electrons,
protons, and other particles with matter. As particles collide at high
energy, the collision energy becomes available for the creation of
subatomic particles such as mesons and hyperons. Finally, completing the
revolution that began in the early 20th century with theories of the
equivalence of matter and energy, the study of subatomic particles has
been transformed by the discovery that the actions of forces are due to the
exchange of “force” particles such as photons and gluons. More than 200
subatomic particles have been detected — most of them highly unstable,
existing for less than a millionth of a second — as a result of collisions
produced in cosmic ray reactions or particle accelerator experiments.
Theoretical and experimental research in particle physics, the study of
subatomic particles and their properties, has given scientists a clearer
understanding of the nature of matter and energy and of the origin of the
universe.

Four basic forces

2. Quarks and leptons are the building blocks of matter, but they
require some sort of mortar to bind themselves together into more-
complex forms, whether on a nuclear or a universal scale. The particles
that provide this mortar are associated with four basic forces that are
collectively referred to as the fundamental interactions of matter. These
four basic forces are gravity (or the gravitational force), the
electromagnetic force, and two forces more familiar to physicists than to
laypeople: the strong force and the weak force.

3. On the largest scales the dominant force is gravity. Gravity governs
the aggregation of matter into stars and galaxies and influences the way
that the universe has evolved since its origin in the big bang. The best-
understood force, however, is the electromagnetic force, which underlies
the related phenomena of electricity and magnetism. The electromagnetic
force binds negatively charged electrons to positively charged atomic
nuclei and gives rise to the bonding between atoms to form matter in bulk.

4. Gravity and electromagnetism are well known at the macroscopic
level. The other two forces act only on subatomic scales, indeed on
subnuclear scales. The strong force binds quarks together within protons,
neutrons, and other subatomic particles. Rather as the electromagnetic
force is ultimately responsible for holding bulk matter together, so the
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strong force also keeps protons and neutrons together within atomic
nuclei. Unlike the strong force, which acts only between quarks, the weak
force acts on both quarks and leptons. This force is responsible for the
beta decay of a neutron into a proton and for the nuclear reactions that fuel
the Sun and other stars.

Field theory

5. Since the 1930s physicists have recognized that they can use field
theory to describe the interactions of all four basic forces with matter. In
mathematical terms a field describes something that varies continuously
through space and time. A familiar example is the field that surrounds a
piece of magnetized iron. The magnetic field maps the way that the force
varies in strength and direction around the magnet. The appropriate fields
for the four basic forces appear to have an important property in common:
they all exhibit what is known as gauge symmetry. Put simply, this means
that certain changes can be made that do not affect the basic structure of
the field. It also implies that the relevant physical laws are the same in
different regions of space and time.

6. At a subatomic, quantum level these field theories display a
significant feature. They describe each basic force as being in a sense
carried by its own subatomic particles. These “force” particles are now
called gauge bosons, and they differ from the “matter” particles — the
quarks and leptons discussed earlier — in a fundamental way. Bosons are
characterized by integer values of their spin quantum number, whereas
quarks and leptons have half-integer values of spin.

7. The most familiar gauge boson is the photon, which transmits the
electromagnetic force between electrically charged objects such as
electrons and protons. The photon acts as a private, invisible messenger
between these particles, influencing their behaviour with the information
it conveys, rather as a ball influences the actions of children playing catch.
Other gauge bosons, with varying properties, are involved with the other
basic forces.

8. In developing a gauge theory for the weak force in the 1960s,
physicists discovered that the best theory, which would always yield
sensible answers, must also incorporate the electromagnetic force. The
result was what is now called electroweak theory. It was the first workable
example of a unified field theory linking forces that manifest themselves
differently in the everyday world. Unified theory reveals that the basic
forces, though outwardly diverse, are in fact separate facets of a single
underlying force. The search for a unified theory of everything, which
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incorporates all four fundamental forces, is one of the major goals of
particle physics. It is leading theorists to an exciting area of study that
involves not only subatomic particle physics but also cosmology and
astrophysics.

LANGUAGE REVIEW
Focus on word formation

1. Find all adverbs in -ly in Text 1. Pay attention to their position in a
sentence.

2. Identify what part of speech the word 'map' represents in paragraph
5. Translate the sentence in which it occurs. Find other words in
the text which can be both verbs and nouns.

3. Form other parts of speech from the following verbs.
aggregate, collide, compose, constitute, construct, create, describe,
direct, discover, inform, interact, revolve, react

Focus on grammar

1.  Answer the questions.

1) In what ways can the word 'only' be used in a sentence? Can you
give examples of its different uses?

2) What are parentheses? How are they marked off in speech and in
writing?

2. Do the following tasks.

1) Trace the Passive Voice forms in Text 1 and translate the sentences
in which they occur.

2) Find the Complex Subject in paragraph 5. Translate the sentence in
which it occurs.

3) Indicate the asyndetically joined clause in paragraph 7. Translate
the sentence in which it is used.

4) Identify the function of the Gerund in the first sentence of
paragraph 8. Translate the sentence.
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5) State the function of the elliptical Participial construction 'put
simply' at the beginning of sentence 6 in paragraph 5. Translate
the sentence.

6) Indicate parentheses in paragraphs 1, 2, 6 and 8. Name the type of
punctuation used in the sentences (commas, brackets, dashes) to
separate parenthetical expressions. Read the sentences aloud with
correct intonation.

7) Find the referents of the pronoun 'it' in paragraph 8. Translate the
sentences in which this word occurs.

Focus on paragraph structure and content

Answer the questions.

1) What key terms are used within each paragraph of Text 1?

2) What parallel structures are used in paragraphs 1 and 4?

3) What connecting words occur in Text 1? Does the author make
good use of them?

Do the following tasks.

1) Paragraph 1 gives a brief introduction to the subfield of physics
dealing with subatomic particles. Point out the properties and
characteristics of different types of particles mentioned in the text.

2) Focus on paragraph 6 and explain the difference between the
'matter’ particles and the 'field' particles.

3) Look through paragraph 8 and comment on the aspiration of
particle physicists to create a unified theory of everything.

Focus on vocabulary

Define or explain these terms.

accelerator, atom, boson, electromagnetic force, electron, field theory,
gauge symmetry, gauge theory, gravity, lepton, meson, neutrino,
neutron, photon, positron, proton, strong force, weak force

Give English equivalents for the following word combinations.

COCTaBJISIOIINE aTOMA, COCTaBHAs YaCTHIIA, OeTa pacia/i, BEIIeCTBO B
obbeMe, TONYIENBIH CIUH, KaaHMOpOBOUYHBIM ©0030H, CIHUHOBOE
KBaHTOBOE  YHCJO, OJKCIHCPUMEHT Ha  YCKOPHUTEJIEC  YacCTHII,
CTOJIKHOBEHHS TIPHU BBICOKUX SHEPTHSX, IPOUCXOKICHUE BCEIICHHOM,
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L

Iejoe  3HAYCHHWE, TIONYIENOoe 3HadeHWe, (yHIaMEHTAIbHBIC
B3aHMOJICHCTBHUS, EAUHAS TCOPUS OIS

Give Russian equivalents for the following word combinations.
Make up sentences with some of them.

fundamental constituents of matter, to account for most of the charge
of the atom, building blocks of the nucleus, the antimatter
counterpart of the electron, cosmic ray interactions, on a nuclear
scale, to be familiar to physicists, the dominant force, to govern the
aggregation of matter into stars and galaxies, to underlie the related
phenomena of electricity and magnetism, at the macroscopic level, to
be responsible for the beta decay, to exhibit gauge symmetry, to
affect the basic structure of the field, to be the same in different
regions of space and time, at a subatomic level, to display a
significant feature, to transmit the electromagnetic force, to convey
information, to incorporate the electromagnetic force, to manifest
oneself differently, separate facets of a single underlying force, the
search for a unified theory of everything, major goals, an exciting
area of study

TEXT 2

Read the text and answer the questions. Work in pairs.

1) In what respects do electrons and quarks differ?

2) What role do neutrinos play in beta decays?

3) What did the quantum mechanical treatment of the atomic
structure reveal?

4) What does the concept of spin imply?

5) What two classes of particles exist according to the Standard
Model?

6) In what way did Dirac's relativistic theory contribute to the study
of subatomic particles?

7) How was the existence of positrons discovered?

8) Under what circumstances were the first antiprotons and
antineutrons found?

9) What distinguishes the so-called "extra" particles, which emerge
only at very high energies in cosmic rays or particle accelerators,
from such particles as the proton, neutron, and electron?
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Basic concepts of particle physics (2)

Elementary particles

1. Electrons and quarks contain no discernible structure; they cannot
be reduced or separated into smaller components. It is therefore
reasonable to call them “elementary” particles, a name that in the past was
mistakenly given to particles such as the proton, which is in fact a
complex particle that contains quarks. The term subatomic particle refers
both to the true elementary particles, such as quarks and electrons, and to
the larger particles that quarks form.

2. Although both are elementary particles, electrons and quarks differ
in several respects. Whereas quarks together form nucleons within the
atomic nucleus, the electrons generally circulate toward the periphery of
atoms. Indeed, electrons are regarded as distinct from quarks and are
classified in a separate group of elementary particles called leptons. There
are several types of lepton, just as there are several types of quark. Only
two types of quark are needed to form protons and neutrons, however, and
these, together with the electron and one other elementary particle, are all
the building blocks that are necessary to build the everyday world. The
last particle required is an electrically neutral particle called the neutrino.

3. Neutrinos do not exist within atoms in the sense that electrons do,
but they play a crucial role in certain types of radioactive decay. In a basic
process of one type of radioactivity, known as beta decay, a neutron
changes into a proton. In making this change, the neutron acquires one
unit of positive charge. To keep the overall charge in the beta-decay
process constant and thereby conform to the fundamental physical law of
charge conservation, the neutron must emit a negatively charged electron.
In addition, the neutron also emits a neutrino (strictly speaking, an
antineutrino), which has little or no mass and no electric charge. Beta
decays are important in the transitions that occur when unstable atomic
nuclei change to become more stable, and for this reason neutrinos are a
necessary component in establishing the nature of matter.

4. The neutrino, like the electron, is classified as a lepton. Thus, it
seems at first sight that only four kinds of elementary particles — two
quarks and two leptons — should exist. In the 1930s, however, long before
the concept of quarks was established, it became clear that matter is more
complicated.

Spin
5. The concept of quantization led during the 1920s to the
development of quantum mechanics, which appeared to provide physicists
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with the correct method of calculating the structure of the atom. In his
model Niels Bohr had postulated that the electrons in the atom move only
in orbits in which the angular momentum (angular velocity multiplied by
mass) has certain fixed values. Each of these allowed values is
characterized by a quantum number that can have only integer values. In
the full quantum mechanical treatment of the structure of the atom,
developed in the 1920s, three quantum numbers relating to angular
momentum arise because there are three independent variable parameters
in the equation describing the motion of atomic electrons.

6. In 1925, however, two Dutch physicists, Samuel Goudsmit and
George Uhlenbeck, realized that, in order to explain fully the spectra of
light emitted by the atoms of alkali metals, such as sodium, which have
one outer valence electron beyond the main core, there must be a fourth
quantum number that can take only two values, —1/2 and +1/2. Goudsmit
and Uhlenbeck proposed that this quantum number refers to an internal
angular momentum, or spin, that the electrons possess. This implies that
the electrons, in effect, behave like spinning electric charges. Each
therefore creates a magnetic field and has its own magnetic moment. The
internal magnet of an atomic electron orients itself in one of two
directions with respect to the magnetic field created by the rest of the
atom. It is either parallel or antiparallel; hence, there are two quantized
states — and two possible values of the associated spin quantum number.

7. The concept of spin is now recognized as an intrinsic property of
all subatomic particles. Indeed, spin is one of the key criteria used to
classify particles into two main groups: fermions, with half-integer values
of spin (1/2, 3/2,...), and bosons, with integer values of spin (0, 1, 2,...).
In the Standard Model all of the “matter” particles (quarks and leptons)
are fermions, whereas “force” particles such as photons are bosons. These
two classes of particles have different symmetry properties that affect
their behaviour.

Antiparticles

8. Two years after the work of Goudsmit and Uhlenbeck, the English
theorist P.A.M. Dirac provided a sound theoretical background for the
concept of electron spin. In order to describe the behaviour of an electron
in an electromagnetic field, Dirac introduced the German-born physicist
Albert Einstein’s theory of special relativity into quantum mechanics.
Dirac’s relativistic theory showed that the electron must have spin and a
magnetic moment, but it also made what seemed a strange prediction. The
basic equation describing the allowed energies for an electron would
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admit two solutions, one positive and one negative. The positive solution
apparently described normal electrons. The negative solution was more of
a mystery; it seemed to describe electrons with positive rather than
negative charge.

9. The mystery was resolved in 1932, when Carl Anderson, an
American physicist, discovered the particle called the positron. Positrons
are very much like electrons: they have the same mass and the same spin,
but they have opposite electric charge. Positrons, then, are the particles
predicted by Dirac’s theory, and they were the first of the so-called
antiparticles to be discovered. Dirac’s theory, in fact, applies to any
subatomic particle with spin 1/2; therefore, all spin-1/2 particles should
have corresponding antiparticles. Matter cannot be built from both
particles and antiparticles, however. When a particle meets its appropriate
antiparticle, the two disappear in an act of mutual destruction known as
annihilation. Atoms can exist only because there is an excess of electrons,
protons, and neutrons in the everyday world, with no corresponding
positrons, antiprotons, and antineutrons.

10. Positrons do occur naturally, however, which is how Anderson
discovered their existence. High-energy subatomic particles in the form of
cosmic rays continually rain down on Earth’s atmosphere from outer
space, colliding with atomic nuclei and generating showers of particles
that cascade toward the ground. In these showers the enormous energy of
the incoming cosmic ray is converted to matter, in accordance with
Einstein’s theory of special relativity, which states that £ = mc?, where E
is energy, m is mass, and c is the velocity of light. Among the particles
created are pairs of electrons and positrons. The positrons survive for a
tiny fraction of a second until they come close enough to electrons to
annihilate. The total mass of each electron-positron pair is then converted
to energy in the form of gamma-ray photons.

11. Using particle accelerators, physicists can mimic the action of
cosmic rays and create collisions at high energy. In 1955 a team led by the
Italian-born scientist Emilio Segré and the American Owen Chamberlain
found the first evidence for the existence of antiprotons in collisions of
high-energy protons produced by the Bevatron, an accelerator at what is
now the Lawrence Berkeley National Laboratory in California. Shortly
afterward, a different team working on the same accelerator discovered
the antineutron.

12. Since the 1960s physicists have discovered that protons and
neutrons consist of quarks with spin 1/2 and that antiprotons and
antineutrons consist of antiquarks. Neutrinos too have spin 1/2 and
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therefore have corresponding antiparticles known as antineutrinos. Indeed,
it is an antineutrino, rather than a neutrino, that emerges when a neutron
changes by beta decay into a proton. This reflects an empirical law
regarding the production and decay of quarks and leptons: in any
interaction the total numbers of quarks and leptons seem always to remain
constant. Thus, the appearance of a lepton — the electron — in the decay of
a neutron must be balanced by the simultaneous appearance of an
antilepton, in this case the antineutrino.

13. In addition to such familiar particles as the proton, neutron, and
electron, studies have slowly revealed the existence of more than 200
other subatomic particles. These “extra” particles do not appear in the
low-energy environment of everyday human experience; they emerge only
at the higher energies found in cosmic rays or particle accelerators.
Moreover, they immediately decay to the more-familiar particles after
brief lifetimes of only fractions of a second. The variety and behaviour of
these extra particles initially bewildered scientists but have since come to
be understood in terms of the quarks and leptons. In fact, only six quarks,
six leptons, and their corresponding antiparticles are necessary to explain
the variety and behaviour of all the subatomic particles, including those
that form normal atomic matter.

2. Develop the main points of the text into a summary, either oral or
written.

3. Translate the following sentences. Identify the Passive Voice forms,
the non-finite forms of the verb, the multifunctional words. If
necessary, refer to the text to clarify the context.

1) It is therefore reasonable to call them “elementary” particles, a
name that in the past was mistakenly given to particles such as the
proton, which is in fact a complex particle that contains quarks.

2) Only two types of quark are needed to form protons and neutrons,
however, and these, together with the electron and one other
elementary particle, are all the building blocks that are necessary
to build the everyday world.

3) Neutrinos do not exist within atoms in the sense that electrons do,
but they play a crucial role in certain types of radioactive decay.

4) To keep the overall charge in the beta-decay process constant and
thereby conform to the fundamental physical law of charge
conservation, the neutron must emit a negatively charged electron.
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5) Beta decays are important in the transitions that occur when
unstable atomic nuclei change to become more stable, and for this
reason neutrinos are a necessary component in establishing the
nature of matter.

6) The concept of quantization led during the 1920s to the
development of quantum mechanics, which appeared to provide
physicists with the correct method of calculating the structure of
the atom.

7) In the full quantum mechanical treatment of the structure of the
atom, developed in the 1920s, three quantum numbers relating to
angular momentum arise because there are three independent
variable parameters in the equation describing the motion of
atomic electrons.

8) The negative solution was more of a mystery; it seemed to
describe electrons with positive rather than negative charge.

9) Positrons, then, are the particles predicted by Dirac’s theory, and
they were the first of the so-called antiparticles to be discovered.

10) This reflects an empirical law regarding the production and decay
of quarks and leptons: in any interaction the total numbers of
quarks and leptons seem always to remain constant.

4. Review the Emphatic structures and Inversion. Find emphatic
sentences in paragraphs 10 and 12 and translate them.

5.  Analyse the structure of paragraphs 2, 3 and 4. Indicate connecting
words used to provide cohesion between the sentences. What do
these words mean?

TEXT 3

1. Read the text and explain why, despite its many triumphs, the
Standard Model is believed to have limitations.

Standard Model

The Standard Model is the combination of two theories of particle
physics into a single framework to describe all interactions of subatomic
particles, except those due to gravity. The two components of the
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Standard Model are electroweak theory, which describes interactions via
the electromagnetic and weak forces, and quantum chromodynamics, the
theory of the strong nuclear force. Both these theories are gauge field
theories, which describe the interactions between particles in terms of the
exchange of intermediary “messenger” particles that have one unit of
intrinsic angular momentum, or spin.

In addition to these force-carrying particles, the Standard Model
encompasses two families of subatomic particles that build up matter and
that have spins of one-half unit. These particles are the quarks and the
leptons, and there are six varieties, or “flavours”, of each, related in pairs
in three “generations” of increasing mass. Everyday matter is built from
the members of the lightest generation: the “up” and “down” quarks that
make up the protons and neutrons of atomic nuclei; the electron that orbits
within atoms and participates in binding atoms together to make
molecules and more complex structures; and the electron-neutrino that
plays a role in radioactivity and so influences the stability of matter.
Heavier types of quark and lepton have been discovered in studies of
high-energy particle interactions, both at scientific laboratories with
particle accelerators and in the natural reactions of high-energy cosmic-
ray particles in the atmosphere.

The Standard Model has proved a highly successful framework for
predicting the interactions of quarks and leptons with great accuracy. Yet
it has a number of weaknesses that lead physicists to search for a more
complete theory of subatomic particles and their interactions. The present
Standard Model, for example, cannot explain why there are three
generations of quarks and leptons. It makes no predictions of the masses
of the quarks and the leptons nor of the strengths of the various
interactions. Physicists hope that, by probing the Standard Model in detail
and making highly accurate measurements, they will discover some way
in which the model begins to break down and thereby find a more
complete theory. This may prove to be what is known as a grand unified
theory, which uses a single theoretical structure to describe the strong,
weak, and electromagnetic forces.

As of 2018, there are seventeen named particles in the Standard
Model, organised into the chart shown below. The last particles
discovered were the W and Z bosons in 1983, the top quark in 1995, the
tau neutrino in 2000, and the Higgs boson in 2012.



64

UNIT 3

2. Describe the diagram of the Standard Model, giving characteristics
of the fundamental particles and their interactions.

STANDARD MODEL OF ELEMENTARY PARTICLES
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1.  Read the text and answer the questions.

1) What properties and characteristics
instrument?

TEXT 4

make the

2) What operational problem did the LHC confront?
3) What are the goals of the LHC project?

Large Hadron Collider

LHC a unique

The Large Hadron Collider (LHC) is world’s most powerful particle
accelerator. The LHC was constructed by the European Organization for
Nuclear Research (CERN) in the same 27-km (17-mile) tunnel that
housed its Large Electron-Positron Collider (LEP). The tunnel is circular
and is located 50—175 metres (165-575 feet) below ground, on the border
between France and Switzerland. The LHC ran its first test operation on
September 10, 2008. An electrical problem in a cooling system on
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September 18 resulted in a temperature increase of about 100 °C (180 °F)
in the magnets, which are meant to operate at temperatures near absolute
zero (—273.15 °C, or —459.67 °F). Early estimates that the LHC would be
quickly fixed soon turned out to be overly optimistic. It restarted on
November 20, 2009. Shortly thereafter, on November 30, it supplanted the
Fermi National Accelerator Laboratory’s Tevatron as the most powerful
particle accelerator when it boosted protons to energies of 1.18
teraelectron volts (TeV; 1 x 10'? electron volts). In March 2010 scientists
at CERN announced that a problem with the design of superconducting
wire in the LHC required that the collider run only at half-energy (7 TeV).
The LHC was shut down in February 2013 to fix the problem and was
expected to run at its full energy of 14 TeV in early 2015.

The heart of the LHC is a ring that runs through the circumference of
the LEP tunnel; the ring is only a few centimetres in diameter, evacuated
to a higher degree than deep space and cooled to within two degrees of
absolute zero. In this ring, two counterrotating beams of heavy ions or
protons are accelerated to speeds within one-millionth of a percent of the
speed of light. (Protons belong to a category of heavy subatomic particles
known as hadrons, which accounts for the name of this particle
accelerator.) At four points on the ring, the beams can intersect and a
small proportion of particles crash into each other. At maximum power,
collisions between protons will take place at a combined energy of up to
14 TeV, about seven times greater than has been achieved previously. At
each collision point are huge magnets weighing tens of thousands of tons
and banks of detectors to collect the particles produced by the collisions.

The project took a quarter of a century to realize; planning began in
1984, and the final go-ahead was granted in 1994. Thousands of scientists
and engineers from dozens of countries were involved in designing,
planning, and building the LHC, and the cost for materials and manpower
was nearly $5 billion; this does not include the cost of running
experiments and computers.

One goal of the LHC project is to understand the fundamental
structure of matter by re-creating the extreme conditions that occurred in
the first few moments of the universe according to the big-bang model.
For decades physicists have used the so-called standard model for
fundamental particles, which has worked well but has weaknesses. First,
and most important, it does not explain why some particles have mass. In
the 1960s British physicist Peter Higgs postulated a particle that had
interacted with other particles at the beginning of time to provide them
with their mass. The Higgs boson had never been observed — it should be
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produced only by collisions in an energy range not available for
experiments before the LHC. After a year of observing collisions at the
LHC, scientists there announced in 2012 that they had detected an
interesting signal that was likely from a Higgs boson with a mass of about
126 gigaelectron volts (billion electron volts). Second, the standard model
requires some arbitrary assumptions, which some physicists have
suggested may be resolved by postulating a further class of
supersymmetric particles; these might be produced by the extreme
energies of the LHC. Finally, examination of asymmetries between
particles and their antiparticles may provide a clue to another mystery: the
imbalance between matter and antimatter in the universe.

2. Write out the most important facts about the LHC and sum them up
in 5-7 sentences orally.

TEXT 5§

1. Read the text and answer the questions:

1) Why is the Higgs boson so difficult to detect?
2) What indirect means of detecting the Higgs boson were used?
3) What advanced facilities were needed to find the Higgs boson?

Search for the Higgs boson

To produce Higgs bosons, two beams of particles are accelerated to
very high energies and allowed to collide within a particle detector.
Occasionally, although rarely, a Higgs boson will be created fleetingly as
part of the collision byproducts. Because the Higgs boson decays very
quickly, particle detectors cannot detect it directly. Instead the detectors
register all the decay products (the decay signature) and from the data the
decay process is reconstructed. If the observed decay products match a
possible decay process (known as a decay channel) of a Higgs boson, this
indicates that a Higgs boson may have been created. In practice, many
processes may produce similar decay signatures. Fortunately, the Standard
Model precisely predicts the likelihood of each of these, and each known
process, occurring. So, if the detector detects more decay signatures
consistently matching a Higgs boson than would otherwise be expected if
Higgs bosons did not exist, then this would be strong evidence that the
Higgs boson exists.
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Because Higgs boson production in a particle collision is likely to be
very rare (1 in 10 billion at the LHC), and many other possible collision
events can have similar decay signatures, the data of hundreds of trillions
of collisions needs to be analysed and must "show the same picture"
before a conclusion about the existence of the Higgs boson can be
reached. To conclude that a new particle has been found, particle
physicists require that the statistical analysis of two independent particle
detectors each indicate that there is lesser than a one-in-a-million chance
that the observed decay signatures are due to just background random
Standard Model events — i.e., that the observed number of events is more
than 5 standard deviations (sigma) different from that expected if there
was no new particle. More collision data allows better confirmation of the
physical properties of any new particle observed, and allows physicists to
decide whether it is indeed a Higgs boson as described by the Standard
Model or some other hypothetical new particle.

To find the Higgs boson, a powerful particle accelerator was needed,
because Higgs bosons might not be seen in lower-energy experiments.
The collider needed to have a high luminosity in order to ensure enough
collisions were seen for conclusions to be drawn. Finally, advanced
computing facilities were needed to process the vast amount of data
(25 petabytes per year as of 2012) produced by the collisions. For the
announcement of 4 July 2012, a new collider known as the Large Hadron
Collider was constructed at CERN with a planned eventual collision
energy of 14 TeV — over seven times any previous collider — and over
300 trillion (3x10'*) LHC proton-proton collisions were analysed by the
LHC Computing Grid, the world's largest computing grid (as of 2012),
comprising over 170 computing facilities in a worldwide network across
36 countries.

2. Look for more information about the discovery of the Higgs boson
and find out why it took scientists another year to definitively
confirm its existence and status.

CHECK YOURSELF

1. Translate the text in writing. Time limit: 60 min.

The strong force

During the 1970s physicists developed a theory for the strong force
that is similar in structure to quantum electrodynamics. In this theory
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quarks are bound together within protons and neutrons by exchanging
gauge bosons called gluons. The quarks carry a property called “colour”
that is analogous to electric charge. Just as electrically charged particles
experience the electromagnetic force and exchange photons, so colour-
charged, or coloured, particles feel the strong force and exchange gluons.
This property of colour gives rise in part to the name of the theory of the
strong force: quantum chromodynamics.

Gluons are massless and have a spin quantum number of 1. In this
respect they are much like photons, but they differ from photons in one
crucial way. Whereas photons do not interact among themselves —
because they are not electrically charged — gluons do carry colour charge.
This means that gluons can interact together, which has an important
effect in limiting the range of gluons and in confining quarks within
protons and other particles.

There are three types of colour charge, called red, green, and blue,
although there is no connection between the colour charge of quarks and
gluons and colour in the usual sense. Quarks each carry a single colour
charge, while gluons carry both a colour and an anticolour charge.

The strong force acts in such a way that quarks of different colour are
attracted to one another; thus, red attracts green, blue attracts red, and so
on. Quarks of the same colour, on the other hand, repel each other. The
quarks can combine only in ways that give a net colour charge of zero. In
particles that contain three quarks, such as protons, this is achieved by
adding red, blue, and green. An alternative, observed in particles called
mesons, is for a quark to couple with an antiquark of the same basic
colour. In this case the colour of the quark and the anticolour of the
antiquark cancel each other out. These combinations of three quarks (or
three antiquarks) or of quark-antiquark pairs are the only combinations
that the strong force seems to allow.

The constraint that only colourless objects can appear in nature seems
to limit attempts to observe single quarks and free gluons. Although a
quark can radiate a real gluon just as an electron can radiate a real photon,
the gluon never emerges on its own into the surrounding environment,
Instead, it somehow creates additional gluons, quarks, and antiquarks
from its own energy and materializes as normal particles built from
quarks. Similarly, it appears that the strong force keeps quarks
permanently confined within larger particles. Attempts to knock quarks
out of protons by, for example, knocking protons together at high energies
succeed only in creating more particles — that is, in releasing new quarks
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and antiquarks that are bound together and are themselves confined by the
strong force.

2. Translate the text at sight.
Gravity

The weakest, and yet the most pervasive, of the four basic forces is
gravity. It acts on all forms of mass and energy and thus acts on all
subatomic particles, including the gauge bosons that carry the forces. The
17th-century English scientist Isaac Newton was the first to develop a
quantitative description of the force of gravity. He argued that the force
that binds the Moon in orbit around Earth is the same force that makes
apples and other objects fall to the ground, and he proposed a universal
law of gravitation.

According to Newton’s law, all bodies are attracted to each other by a
force that depends directly on the mass of each body and inversely on the
square of the distance between them. For a pair of masses, m; and m», a
distance 7 apart, the strength of the force F is given by F = Gmima/r*. G is
called the constant of gravitation and is equal to 6.67 x 10™'" newton-
metre’-kilogram 2.

The constant G gives a measure of the strength of the gravitational
force, and its smallness indicates that gravity is weak. Indeed, on the scale
of atoms the effects of gravity are negligible compared with the other
forces at work. Although the gravitational force is weak, its effects can be
extremely long-ranging. Newton’s law shows that at some distance the
gravitational force between two bodies becomes negligible but that this
distance depends on the masses involved. Thus, the gravitational effects of
large, massive objects can be considerable, even at distances far outside
the range of the other forces. The gravitational force of Earth, for
example, keeps the Moon in orbit some 384,400 km (238,900 miles)
distant.

Newton’s theory of gravity proves adequate for many applications. In
1915, however, the German-born physicist Albert Einstein developed the
theory of general relativity, which incorporates the concept of gauge
symmetry and yields subtle corrections to Newtonian gravity. Despite its
importance, Einstein’s general relativity remains a classical theory in the
sense that it does not incorporate the ideas of quantum mechanics. In a
quantum theory of gravity, the gravitational force must be carried by a
suitable messenger particle, or gauge boson. No workable quantum theory
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of gravity has yet been developed, but general relativity determines some
of the properties of the hypothesized “force” particle of gravity, the so-
called graviton. In particular, the graviton must have a spin quantum
number of 2 and no mass, only energy.

3. Translate these excerpts from the feature article on elementary
particles in the Oxford Dictionary of Physics. Pay attention to the
correct translation of grammatical forms and structures.

1) Non-relativistic quantum theory was completed in an astonishingly
brief period (1923-26), but it was the relativistic version that made the
greatest impact on our understanding of elementary particles. Dirac's
discovery in 1928 of the equation that bears his name led to the discovery
of the positive electron or positron. The mass of the positron is equal to
that of the negative electron while its charge is equal in magnitude but
opposite in sign. Positrons and electrons are produced simultaneously in
high-energy collisions of charged particles or gamma rays with matter in
the process called pair production.

2) A theory of the weak interaction was in its infancy in the 1930's.
The weak interaction is responsible for beta decay, in which a radioactive
nucleus is transformed into a slightly lighter nucleus with the emission of
an electron. However, beta decays posed a problem because they appeared
not to conserve energy and momentum. In 1931 Pauli proposed the
existence of a neutral particle that might be able to carry off the missing
energy and momentum in a beta decay and escape undetected. Three years
later, Fermi included Pauli's principle in a comprehensive theory of beta
decay, which seemed to explain many experimentally observed results.
Fermi called this new particle the neutrino, the existence of which was
finally established in the 1950's.

3) A plethora of experiments involving the neutrino revealed some
remarkable properties for this new particle. The neutrino was found to
have an intimate connection with the electron and the muon, and indeed
never appeared without the simultaneous appearance of one or other of the
particles. A conservation law was postulated to explain this observation.
Numbers were assigned to the electron, muon, and neutrino, so that during
interactions these numbers were conserved; i.e. their algebraic sums
before and after these interactions were equal. Since these particles were
among the lightest known at the time, these assigned numbers became
known as lepton numbers (lepton: 'light ones').
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4) Neutrinos have zero charge and were originally thought to have
zero rest mass, but there has been some indirect experimental evidence to
the contrary, beginning in the last twenty years of the 20th century. In
1985 a Soviet team reported a measurement, for the first time, of a non-
zero neutrino mass. The mass measured was extremely small (10000
times less than the mass of the electron), but subsequent attempts
independently to produce these results did not succeed. Later (1998-99),
Japanese and US groups put forward theories and corroborating evidence
to suggest, indirectly, that neutrinos do have mass.

5) Murray Gell-Mann and his collaborators proposed the particle-
physics equivalent of the periodic table between 1961 and 1964. In this
structure, leptons were indeed regarded as fundamental particles, but the
short-lived particles discovered in the 1960's were not. These particles
were found to undergo strong interactions, which did not seem to affect
the leptons. Gell-Mann called these strongly interacting particles the
hadrons and proposed that they occurred in two different types: baryons
and mesons. These two different types correspond to two different ways
of constructing hadrons from constituent particles, which Gell-Mann
called quarks.

4. Translate the following mini-texts into English.

1) CranmapTHas MOAENb YTBEp)KIAeT, YTO CYIIECTBYET JBA CEMEM-
CTBa YaCTHULI: JICNTOHBI U KBapku. OHU B KOpPHE OTJIMYAIOTCS APYT OT ApY-
ra 3apsS70M M KBaHTOBBIMHU YHCIIAMH, HO 00JaJal0T OJAMHAKOBBIM YHCIIOM
nokoneHui. OJlHaKo, ecTb TEOPHUH, BBIXOAAIMNE 3a paMku CTaHAapTHOMN
MOJEIH, KOTOPbIE MPEICKa3bIBAIOT, YTO HA BHICOKUX SHEPIUSX JICITOHBI U
KBapKH CJIMBAIOTCSI BOEAMHO, (hopMupys nenTokBapku. Eciu nenroxsap-
KW pealibHbl, TO OHH OYEHb TsDKeNble U OBICTPO pacmamaroTcs Ha Oolee
CTaOMJIbHBIC YACTHUIIBI, JICNTOHBI M KBapKU. JIeNTOKBapKH MpeasaraioTcs B
TEOPHAX, CTPEMSIIIMXCSI 00BEIUHUTh CUIBHOE, Cl1a00€ U JIEKTPOMAarHuT-
Hoe B3ammMopericTBus. Ceifuac uccienoBaTenu Ha boibiioMm agpoHHOM
komnaiinepe (BAK) mpukmnangsiBaioT Bce ycuiaus, 4ToObl MO0 NOKa3aTh,
1100 ONIPOBEPTHYTH CYLIECTBOBAHUE STHX TMIOTETUYECKUX YACTHII.

2) Kak u3BecTHO, CyOaTOMHBIE YaCTHITHI KpaifHE CI0KHO HaOIIOAaTh
u3-3a X pazmepa. OHM MEHbIIE aTOMa U JJIMHBI BOJIHBI BUJUMOIO CBETA.
EnuHCTBEHHBII AOCTYHHBIM CIOCOO MX 3aperHCTPUPOBATh M HAOIIOIAThH
UX MOBEJCHUE — CTOJKHYTh aTOMHBIE SiIpa, COCTOAIINE M3 YaCTHUL, IPYT C
JIPYroM Ha HEBEPOSITHO BBICOKUX CKOPOCTAX (OJIM3KUX K CKOPOCTH CBETA).
B pesynbraTte npousBoauTcst 0ONBIIOE KOTUIECTBO SK30THUECKUX YACTHL.
@U3MKH CUUTAIOT, YTO 3TH CTOJIKHOBEHUS HAIIOMUHAIOT YCJIOBHS, NPH
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KOTOPBIX pa3BUBaNach BceneHHast cpasy mociie bosibmmoro B3pwiBa. bia-
rojapsi TakuM yckoputeiasiMm yacTull, kak bBAK, PensituBucrckuii kosnaii-
nep tsokensix MoHoB (RHIC) m yxe HedyHkunonupyromuii TIBaTpoH,
YYeHBIE JOCTHTIIH HEMAJIOTO Mporpecca B MOHMMAaHWU TOTO, Kak paboTa-
IOT BCE CyOaTOMHBIE YacTHIIBI BO BceneHHOH 1 Kak IMEHHO OHU B3aUMO-
JIEHCTBYIOT.

3) B 1960-x rogax Ilurep Xurrc pa3paboTan TEOpHIO, OOBICHAIO-
Iy10, KaK YaCTHIIbI, TIEPEHOCSIUE dJIEKTPOMArHuTHOE WK Ciiaboe B3au-
MOJIEHCTBHE, MOTJIM MOJYyYUTh pa3Hble MAcChl B MpOIlecce MOCTENEHHOTO
octeiBaHus Bcenennoil. Ero mpenmonoskeHue 3akiio4anoch B TOM, YTO
YaCTHIIBI BPOJIe IPOTOHOB, HEUTPOHOB M KBAPKOB MOYYAlOT Maccy depes
B3aMMO/ICHCTBHE C HEBUAMMBIM 3JIEKTPOMATHUTHBIM IIOJIEM, H3BECTHBIM
KaK 1moyie Xurrca (Miau XUTTCOBCKOE MoJie). HekoTopsle 4acTUIlsl Criocoo-
HBI IPOXOAUTH Yepe3 3TO IMOoJie, He MOodydas Macchl, B TO BpeMsl Kak JIpy-
rue "B3HYT' B HEM M HakarumBaroT e€. Ecimu 310 Tak, To "HeBHAMMOE"
T0JI€ TOJKHO UMETh CBSI3aHHYIO C HUM YacTHUIy — 0030H Xurrca, — KOTO-
pas KOHTPOJIUPYET B3aUMOJCHCTBUS C APYTUMH YACTHIIAMU U XUTTCOB-
CKUM TIOJIEM.

4) CoOpITHE, 3apeructpupoanHoe B 2012 rogy KoMmakTHEIM MIOOH-
HbIM cosieHouaoM (CMS) Ha bonbiioM agpoHHOM KoJulaiiiepe B MPOTOH-
MIPOTOHHBIX CTOJNKHOBEHHsIX Ha 8 TAB sHepruu neHTpa Macc, Ipru3HaeTCs
TpuyMpOM B pa3BUTHH (U3HUKH. YUCHEIC, HAKOHEI, pa3pelIiim mIpooire-
My, HaJl KOTopoi pabotanu Oonee 40 JieT: mpeackasanue HOBOW (yHma-
MEHTaNbHOW YacTHIBl — 6030Ha Xurrca — noATBepAniIock. Coobmanocs,
YTO B 3TOM COOBITHH OOpa3oBanach mapa Z-0030HOB, OJMH M3 KOTOPBIX
pacnasncst Ha mapy 3JeKTPOHOB, TOTJa Kak BTOpoil Z-0030H pacmaics Ha
napy MIOOHOB, TIPH 3TOM HX COBMecTHast Macca Oblia 6mm3ka K 126 ['3B.
OTo0 03HauaeT, 4To ObLIA MMONTydeHa yactuia Maccor 126 3B, pacnasmia-
scs Ha JBa Z-0030Ha B TOYHOCTH C OXHIAHUSMH B CIIydae, eciii Ha0Io-
Jaemast gacTuia apisercss 6o3oHoM Xurrca. CaenaHHOE OTKPBITHE ITOJIO-
JKUIJIO HAYalo HOBBIM HCCIIEJIOBAHHUAM. YUeHbIE pa0OTalOT HaJ JOCTHKE-
HUEM BCe OOJBIINX DHEPTUH HAa YCKOPHUTEISX YaCTHIl M JaXKe JOOMINCH
CO3/1aHus Kamesib KBapK-TJIIOOHHOM IJIa3Mbl, KOTOpast CEroOAHs CUUTAETCS
NEPBUYHBIM BEIIECTBOM, 3allOJHABIIMM BCE MPOCTPAHCTBO Cpasy IMoOcCie
0O0JIBIIIOTO B3PHIBA.

5) IlpobGiema wmepapxuu (MMEHHO IOJ] TaKUM Ha3BaHHEM H3BECTHA
HECOTJIaCOBAHHOCTh Macc) MPOSIBIISIETCA B OOJIBIIOM Pa3pbiBe MEXKIY JKC-
MEPUMEHTAILHO HaONI0aeMbIMH MAacCaMU JIIEMEHTApHBIX YacCTHI[ U
MacimTabamu 3Hepruil panHed Bcemennoit. Macca camoil Tshkellol da-
crurel CTaHAApTHON MOJIENH, TOM-KBapka, paBHa npumMepHo 173,1 rura-
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3JIEKTPOHBOJIBTA, TOT/A KaK IUIAHKOBCKAas Macca, SBIIOIASACS BEPXHHUM
IpeAesioM Uil MacC YaCTHIl M XapaKTepPHBIM MacIiTaboM KBaHTOBOM rpa-
BUTAIIM U TEOPUH CTPYH, — Ha 16 TOPSIIKOB BHILIE.

B Hacrosimee Bpemsl CyLIECTBYIOT TPHU BapuaHTa OOBSICHEHHS IIPO-
Onembl nepapxum yacTull. IlepBbIil CBSi3aH C CyIIECTBOBAaHHEM JPYTHX,
ellle He OTKPBITHIX SKCIEPUMEHTAIBHO TKENbIX yacTull. Ha nx pons npe-
TEHAYIOT, B YaCTHOCTH, CYNEPCHMMETPHUYHBIC YaCTHULIBI U TEMHAs MaTe-
pust. Bropoe o0bsicHeHHe He mpeamonaraeT HOBBIX YacTHUIl U CBOAMTCS K
TaK Ha3bIBAEMOMY aHTPOIHOMY MpUHLUIY: BceneHHas Takas, kakas ecTb,
C 3aJJaHHBIM HA0OPOM OIHCHIBAIOLINX €€ MPUPOAY MapaMeTPOB, NOCKOJIb-
Ky HHaye HE CYLIECTBOBAJO OBl CaMOr0 YeJIOBEKa, MHTEPECYIOLIErocs,
cpeau mpodero, mpobiemMamu Hepapxuu macc. TpeTuil BapHaHT Ipearo-
JlaraeT CyIIeCTBOBaHME MYJBTHUBCEIIEHHOW — MHOKECTBA MapaylIebHBIX
MHPOB, XapakTePU3YeMbIX YHHKaJIbHBIMH Habopamu (pyHIaMEHTaJbHBIX
KOHCTaHT, MacC 4acCTHI] U B3aUMOJCUCTBHUIA MeXIy HuMHU. Habuparomime
MOMYJISIPHOCTh TEOPUH €CTECTBEHHOCTH, BEPOSATHO, MOXKHO CUHMTATh YET-
BEPTHIM BO3MOKHBIM PELICHUEM MTPOOIEMbI HEPAPXUH YACTHII.

6) Komnabopamms ¢uzukoB EXO-200 (Enriched Xenon Observatory
— O6cepBaTopusi ¢ 000TalIeHHBIM KCEHOHOM), B KOTOPYIO BXOJAT yU€HBIE
n3 CHIA, Kanagpl, Poccun, Kuras, IOxnoit Kopen u I'epmanum, cood-
muiIa 00 OTPULIATETIBHOM PE3YJIbTaTe MOMCKAa MalOPAaHOBCKUX HEHTPHUHO.
OO6Hapy>KeHHe TaKUX YacCTHIl MO3BOJMIO Obl YYSHBIM BBINTH 3a IpeNeibl
CranaapTHON MOJIeNH, MOCKOJIBKY CaMO CYLIECTBOBAaHUE THIIOTETUYECKUX
YAaCTHIL HapylIaeT 3aKOHbI COXPaHEHUs AJI1 HEKOTOPBIX KBAHTOBBIX YUCEI
(B IaHHOM cCiIy4ae — JIENTOHHOTO 3apsifa). PU3NKM UCKaIU ciieibl Maio-
PaHOBCKUX HEHUTPHHO B nabopaTtopuu, pacmnoyiokeHHOH B Hpro-Mexuko B
CIIIA Ha rmyOuHe 650 METpOB TOJ 3eMJIEH, YTO TIO3BOJIMIO YMEHBIINUTh
BIMAHUE (POHOBOTO KOCMUYECKOTO M3JIYUCHHUS U €CTECTBEHHOH paaualiu
3EMJIN.

CerozHsi CylIecTBYeT MHOTO YCTaHOBOK, MBITAIOIIUXCS OOHAPYKHUTh
HEUTPHUHO U CBA3aHHBIC C HUMH OCLIUIALUYN U OC3HEUTPUHHBIC sICPHbIE
peakmuu. Hanpumep, B Poccun Ha o3epe baiikan ¢ 1993 rona na rioyoune
Oonee kunoMeTpa GyHKIHOHUPYET HEWTpuHHBIN Teneckon HT200, koTo-
pBII MpenHa3Ha4YeH AN MOMCKa HEUTPUHO BBICOKMX DHEPTUN M HEKOTO-
PBIX THUIOTETUYECKUX OOBEKTOB, TAKUX, HAIIPUMEpP, KaK MAarHUTHbBIE MO-
Homonu. OgHAKO, HEUTPUHO YUPE3BBIUAKHO Majo B3aUMOJICHCTBYET C Be-
IIECTBOM, YTO JEJaeT €ro HaOMI0ACHUE TPYIHONOCTYIHBIM: JJIMHA CBO-
6oxHOro mpo0era B BOAE TaKOH YaCTUIBI MOXKET IOCTUTaTh MOPSAKA CTa
CBETOBBIX JIET.
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5. Render the text into English in writing and entitle it.

MexayHaponaHas rpynmna ¢usukoB, paboTaromas Ha Bonbmom af-
pOHHOM KoJutaiizepe B coctaBe kojuraboparmiit ATLAS u CMS (LIEPH),
BIIEpBEIC HaOMIOAayia pacman 6030Ha Xurrca Ha aBa b-kBapka (0OTTOM-
KBapka). JTO OTKpBHITHE BHOBb MOATBepkaaeT CTaHAAPTHYIO MOJENb,
OTMCHIBAIOIIYIO CBOMCTBA 3JEMEHTAPHBIX YACTHI. YUYEHbIC TaKke He
HAIlUIU CBUJETENHCTB BO3MOXKHOIO cymiectBoBaHus Hooit ¢usuku, xo-
TOpast Morjia Obl OOBSICHUTH BO3MOKHBIE HEIOCTATKH CYIIECTBYIOIIEH
TEOPHH.

B yckopurensx wactunm 0030H XuUrrca BO3HHMKAeT IMPH JOOOBOM
CTOJIKHOBCHHMHU JBYX IPOTOHOB, KOTAa NMPOUCXOIUT CIHMSHUE INIFOOHOB —
pasHOBUAHOCTEH OO030HOB, OTBEYAIOUIMX 32 B3aUMOJACHCTBHE MEXIY
KBapKaM{ M MX yIep)KaHHe BHYTPH NpOTOHa. B pesynbraTe W3 IIIIOOHOB
BO3HMKAET U-KBAPK M aHTHU U-KBAPK, U3 KOTOPBIX B CBOIO OUYEpPEeab BO3HU-
KaeT KOPOTKOXUBYIIUI 0030H Xurrca. [locie 3Toro oH mouyTH cpasy xe
pacmazgaeTcsi, Ipyu 5TOM BO3MOKHO 00pa30BaHUE AIIEKTPOH-MO3UTPOHHBIX
nap, poTOHOB, MIOOHA ¥ aHTHUMIOOHA.

CornacHo npesackazanuio CTaHAapTHOW MOJIENH, paciaja Ha b-KBapKku
npoucxoauT B 60 mpoueHTax ciydaeB. Jpyrue Tumbel pacnana 0o30Ha
Xurrca XopoIo pa3iInduMbl Ha (OHE «IIymMa», B TO BpPeMsI KaK BO3HHUK-
HOBeHHE b-kBapka M b-aHTHKBapka MacKupyeTcsi OPYyTMMH IPOLECcCaMi,
KOTOpBIC TPUBOMAT K TOSBICHHIO OOTTOM-KBapkoB. Hampumep, camo
CTOJIKHOBEHHE MTPOTOHOB CO37aeT JUBEHb U3 CyOaTOMHBIX YaCTHLI, BKIIO-
yast uckomble. [1o3ToMy 17151 BBIBICHHUS NIPEICKa3aHHOIO coObITUA (hu3u-
KaM HCOGXOI[I/IMO OBIJIO HAKOITUTH CTaTUCTUKY Ha IATH CTaHAAPTHBIX OT-
KJIOHEHHH (pPaBHOCHIIBHO BEPOSITHOCTH HECIy4ailHOTO pe3ynbrara B 99,97
NPOLIEHTa), IPOAHAIM3UPOBAB COTHU ThHICAY PACHaJ0B YacTHUIl IPU IMPO-
TOH-TIPOTOHHBIX CTOJIKHOBEHHSIX.

HoBrle nanHble OBLTH MOJYYeHBI MPH IBYX MPOTOHAX ITYYKOB 3apsi-
KEHHBIX YacTHIL 10 27-KUJIOMETPOBOMY KOJbLy bonbimoro ampoHHOTO
kosutarimepa. CTOJKHOBEHHS MPOTOHOB ITPOMCXOMMIIN TIPH SHEPTHIX 7, 8
U 13 TepadneKTpoHBOJBT. 3aTeM YYEHBbIE MPOAHATU3UPOBaIH UHQOpMa-
LU0, YYUTHIBAsE TOOOYHBIE MMPOAYKTHI IPH B3aUMOJCHCTBIH YacTHI. JTO
MO3BOJIMJIO OOHAPYXUTh HE TOJIBKO pacmazx 0o3oHa Xwurrca Ha OOTTOM-
KBapKH, HO M TIOATBEPIUTH, YTO €r0 CKOPOCTh COOTBETCTBYET MpE/ICKa-
3aHHOMY CTaHIapTHON MOAEIBIO 3HAYEHUIO.

Bo3on Xwurrca ygactByeT B MexaHH3MeE (MEXaHNU3M XWITCa) BO3HHK-
HOBEHHsI MacC TakuX (pyHIaMEeHTaJbHBIX YacTHUI], KaK IEPEHOCUYHUKOB CJIa-
6oro B3anmoaencTBus (W- 1 Z-0030HBI), a TAKXKE ONpPEENIeT OTCYTCTBHE
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Macchl TIOKOsS y TIt0oHA U (hoToHa. HecMOTpst Ha TO, YTO OTKPBITHE 3TOH
YyacTHIbl MOATBepxkaaeT CTaHAaPTHYIO MOJE/b, CYIIECTBYIOT MPOOJIEMBI
(Hampumep, acCUMMETpUs MaTepuu U aHTHMarepuu BO BceneHHOU wim
HECOBMECTUMOCTD C TEOPUEH OTHOCUTEIBHOCTH), KOTOPHIC C €€ TIO3UIHH
OOBSICHUTH HE YAacTcs. B 10 X)e BpEMs Ha YCKOPUTEIAX HaCTUI] OO0 CHUX
1op He OBLIO MOJIyYeHO HAMEKOB Ha cymiectBoBaHue HoBoll ¢m3uku. He-
KOTOpBIC YYCHBIC CUMTAIOT, 4YT0 HOBOW (pu3MKK BOOOIIE HE CYIIECCTBYET
(w1m oHa B MIPUHITMIIC HE HAOIfO1aeMa), U Ha JaHHBIM MOMEHT o Bcenen-
HOM M3BECTHO IMOYTH BCC, 4YTO TOJIBKO MO>KHO 3HaTh.

6. Study the timeline of discoveries of subatomic particles. Describe
some of the discoveries in greater depth.

1801: Johann Wilhelm Ritter observed that silver chloride transformed
faster from white to black when it was placed in a dark region of
the Sun's spectrum, close to its violet end. The "chemical rays" that
he discovered were later called ultraviolet radiation.

1895: German physicist Victor Schumann discovered ultraviolet radiation
below 200 nm, which was later identified as photons.

1895: German  physicist Wilhelm Conrad Rontgen produced
electromagnetic radiation in a wavelength called X-ray.

1897: J.J. Thomson while studying properties of cathode rays discovered
electrons.

1899: Ernest Rutherford in his gold foil experiment discovered the alpha
particle.

1900: Paul Villard's experiments in radioactivity led to the discovery of
gamma rays.

1911: The Rutherford experiment by Hans Geiger and Ernest Marsden
resulted in the discovery of atomic nucleus.

1919: Ernest Rutherford discovered protons.

1932: James Chadwick discovered the unknown atomic particle which
later came to be known as the neutron.

1932: Carl D. Anderson's detailed study of energy distribution of cosmic-
ray particles led to the discovery of positrons.

1936: Seth Neddermeyer, with Carl Anderson, discovered the muon, a
negatively charged subatomic particle.

1946: C. F. Powell discovered the pion (pi-meson), a heavy subatomic
particle.

1947: George Dixon Rochester and Clifford Charles Butler discovered the
kaon, the first "strange" particle.
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1955:

1956:

1962:

1964:

1974:

1975:
1977:
1979:
1983:
1995:
1995:

2000:
2011:

2012:

Owen Chamberlain, Emilio Segré, Clyde Wiegand and Thomas
Ypsilantis conducted an experiment which resulted in the discovery
of the antiproton.
Team of Frederick Reines and Clyde Cowan discovered the electron
neutrino, a subatomic particle with no electric charge.
Leon Lederman, Melvin Schwartz and Jack Steinberger discovered
what is identified as the muon neutrino.

The xi or cascade baryon was first observed at Brookhaven
National Laboratory in New York.
Two research groups, one at Stanford Linear Accelerator Center
under Burton Richter and another at Brookhaven National
Laboratory under Samuel Ting discovered J/y, a flavor-neutral
meson.
American physicist Martin Perl discovered the tau lepton.
Upsilon meson was discovered by Fermilab, under Leon Lederman.
The gluon was observed for the first time at DESY, the German
Electron Synchrotron.
Carlo Rubbia, Simon van der Meer and the CERN UA1 discovered
W and Z bosons.
Physicists at Fermilab's Department of Energy announced the
discovery of a subatomic particle called the top quark.
Antihydrogen, antimatter counterpart of hydrogen, was artificially
produced for the first time at CERN.
Fermilab confirmed the discovery of the tau neutrino.
Members of the international STAR collaboration detected the
antimatter partner of the helium nucleus, antihelium-4.
Higgs boson was claimed to be discovered at ATLAS and CMS
experiments at CERN's Large Hadron Collider (LHC).

FOCUS ON PRODUCTIVE WRITING
AND SPEAKING SKILLS

1. Write 3 paragraphs of 250 words describing any of the milestones in
the history of particle physics.

2. Prepare a round-table talk on one of the following topics. You may
choose any other topic related to problems of particle physics to
discuss.
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1) Is there any physics beyond the Standard Model?

2) Unsolved mysteries of physics: the dark energy and the dark matter
3) The Grand Unified Theory — physicists' Holy Grail

4) Can the Higgs destroy the Universe?

5) Findings and discoveries of the LHC

KEY WORDS AND WORD COMBINATIONS

Accelerator
particle accelerator
Angular momentum
Angular velocity
Annihilation
Antiparticles: antilepton, antineutrino, antineutron, antiproton,
antiquark
Atom
Boson
gauge boson, Higgs boson
Charge
colour charge, electric charge,
Collider
Large Hadron Collider
Collision
high-energy collisions
Cosmic ray
Coupling
Decay
beta decay; decay channel, decay product
Detector
Electron
Electron-positron pair
Energy
collision energy, dark energy
Event
Experiment
Atlas experiment, high-energy experiment, LHC experiment,
particle accelerator experiment, scattering experiment
Fermion
Field
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electric field, Higgs field, magnetic field
Force
electromagnetic force, gravitational force, strong force, weak
force; force-carrier
Gauge symmetry
Gluon
Graviton
Gravity
Hadron
Interaction
cosmic ray interactions, fundamental interactions of matter
Law
law of charge conjugation
Lepton
Mass
Matter
antimatter, bulk matter, dark matter
Meson
Muon
Neutrino
Neutron
Nucleon
Nucleus
Pair production
Parameter
Particle
composite particle, elementary particle, exotic particle, force
particle, fundamental particle, massless particle, matter particle,
short-lived particle, subatomic particle; shower of particles
Photon
Positron
Property
Proton
Quantized state
Quantum
quantum mechanics, quantum number
Quark
Scale
subatomic scale, subnuclear scale
Scattering
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Spin
half-integer spin, integer spin; spin quantum number
Standard Model
Supersymmetry
Theory
Einstein's theory of special relativity, Dirac's relativistic theory,
guage theory, quantum field theory, quantum theory of gravity,
theory of the strong nuclear force (quantum chromodynamics)
Vacuum
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TEXT 1

1. Check the pronunciation of these words in a dictionary. If
necessary, specify their meaning.

basic, constituent, cause, gaseous, giant, gradually, hydrogen,
individual, ionize, iron, measure, molecular, multiply, negligible,
obey, occur, ratio, supply, surface, total

2.  Read the text and answer the questions below.

1) What mathematical relations can be derived from basic physical
laws?

2) What common assumptions concerning the internal structure of a
star are mentioned in the text?

3) Under which conditions are atoms ionized within stars?

4) What is the mean density of the Sun?

5) Which stars do not obey the perfect gas law? Why?

6) How do white dwarf stars differ from normal stars?

7) How does the flow of radiation work its way to the surface of a
star?

8) What does the opacity of a star depend on?

9) What does the molecular weight of a star depend on?

Stellar interiors

Models of the internal structure of stars — particularly their
temperature, density, and pressure gradients below the surface — depend
on basic principles explained in this section. It is especially important that
model calculations take account of the change in the star’s structure with
time as its hydrogen supply is gradually converted into helium.
Fortunately, given that most stars can be said to be examples of an “ideal
gas,” the relations between temperature, density, and pressure have a
basic simplicity.
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Distribution of matter

1. Several mathematical relations can be derived from basic physical
laws, assuming that the gas is “ideal” and that a star has spherical
symmetry; both these assumptions are met with a high degree of validity.
Another common assumption is that the interior of a star is in hydrostatic
equilibrium. This balance is often expressed as a simple relation between
pressure gradient and density. A second relation expresses the continuity
of mass; i.e., if M is the mass of matter within a sphere of radius 7, the
mass added, AM, when encountering an increase in distance Ar through a
shell of volume 4m°Ar, equals the volume of the shell multiplied by the
density, p. In symbols, AM= 4m?pAr.

2. A third relation, termed the equation of state, expresses an explicit
relation between the temperature, density, and pressure of a star’s internal
matter. Throughout the star the matter is entirely gaseous, and, except in
certain highly evolved objects, it obeys closely the perfect gas law. In
such neutral gases the molecular weight is 2 for molecular hydrogen, 4 for
helium, 56 for iron, and so on. In the interior of a typical star, however,
the high temperatures and densities virtually guarantee that nearly all the
matter is completely ionized; the gas is said to be a plasma, the fourth
state of matter. Under these conditions not only are the hydrogen
molecules dissociated into individual atoms, but also the atoms
themselves are broken apart (ionized) into their constituent protons and
electrons. Hence, the molecular weight of ionized hydrogen is the average
mass of a proton and an electron — namely, 1/2 on the atom-mass scale
noted above. By contrast, a completely ionized helium atom contributes a
mass of 4 with a helium nucleus (alpha particle) plus two electrons of
negligible mass; hence, its average molecular weight is 4/3. As another
example, a totally ionized nickel atom contributes a nucleus of mass 58.7
plus 28 electrons; its molecular weight is then 58.7/29 = 2.02. Since stars
contain a preponderance of hydrogen and helium that are completely
ionized throughout the interior, the average particle mass, |, is the (unit)
mass of a proton, divided by a factor taking into account the
concentrations by weight of hydrogen, helium, and heavier ions.
Accordingly, the molecular weight depends critically on the star’s
chemical composition, particularly on the ratio of helium to hydrogen as
well as on the total content of heavier matter.

3. If the temperature is sufficiently high, the radiation pressure, Pr,
must be taken into account in addition to the perfect gas pressure, Pg. The
total equation of state then becomes P = Pg+ Pr. Here Pg depends on
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temperature, density, and molecular weight, whereas Pr depends on
temperature and on the radiation density constant, a = 7.5 x 10™"° ergs per
cubic cm per degree to the fourth power. With p =2 (as an upper limit)
and p=1.4 grams per cubic cm (the mean density of the Sun), the
temperature at which the radiation pressure would equal the gas pressure
can be calculated. The answer is 28 million K, much hotter than the core
of the Sun. Consequently, radiation pressure may be neglected for the
Sun, but it cannot be ignored for hotter, more massive stars. Radiation
pressure may then set an upper limit to stellar luminosity.

4. Certain stars, notably white dwarfs, do not obey the perfect gas
law. Instead, the pressure is almost entirely contributed by the electrons,
which are said to be particulate members of a degenerate gas. If p' is the
average mass per free electron of the totally ionized gas, the pressure, P,
and density, p, are such that P is proportional to a 5/3 power of the density
divided by the average mass per free electron; i.e., P=10"(p / u')*>. The
temperature does not enter at all. At still higher densities the equation of
state becomes more intricate, but it can be shown that even this
complicated equation of state is adequate to calculate the internal structure
of the white dwarf stars. As a result, white dwarfs are probably better
understood than most other celestial objects.

5. For normal stars such as the Sun, the energy-transport method for
the interior must be known. Except in white dwarfs or in the dense cores
of evolved stars, thermal conduction is unimportant because the heat
conductivity is very low. One significant mode of transport is an actual
flow of radiation outward through the star. Starting as gamma rays near
the core, the radiation is gradually “softened” (becomes longer in
wavelength) as it works its way to the surface (typically, in the Sun, over
the course of about a million years) to emerge as ordinary light and heat.
The rate of flow of radiation is proportional to the thermal gradient —
namely, the rate of change of temperature with interior distance. Providing
yet another relation of stellar structure, this equation uses the following
important quantities: a, the radiation constant noted above; c, the velocity
of light; p, the density; and k, a measure of the opacity of the matter. The
larger the value of k, the lower the transparency of the material and the
steeper the temperature fall required to push the energy outward at the
required rate. The opacity, k, can be calculated for any temperature,
density, and chemical composition and is found to depend in a complex
manner largely on the two former quantities.
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6. In the Sun’s outermost (though still interior) layers and especially
in certain giant stars, energy transport takes place by quite another
mechanism: large-scale mass motions of gases — namely, convection.
Huge volumes of gas deep within the star become heated, rise to higher
layers, and mix with their surroundings, thus releasing great quantities of
energy. The extraordinarily complex flow patterns cannot be followed in
detail, but when convection occurs, a relatively simple mathematical
relation connects density and pressure. Wherever convection does occur,
it moves energy much more efficiently than radiative transport.

LANGUAGE REVIEW

Focus on word formation

1.  Review adjective-forming suffixes and match the verbs and nouns
with appropriate adjectives.

verbs: constitute, neglect, signify, act, follow, radiate
nouns: base, gas, molecule, type, mass, proportion

2. Form nouns from the following verbs.
add, assume, compose, conduct, equate, press, radiate, relate,
surround

3. Review negative prefixes of adjectives. Add these prefixes to the
words below: dis-, il-, im-, in-, ir-, non-, un-.

..absorbable, ...accurate, ...adequate, ...believable, ...capable,
..certain, ...complete, ...conceivable, ...continuous, ...conventional,
..correct, ...different, ...efficient, ...even, ...excited, ...functional,

..important ...known, ...limited, ...linear, ...logical, ...mobile,
..organized, ...perfect, ...permeable, ...personal, ...possible,
..practical, ...proper, ...pure, ...qualified, ...rational, ...regular,
..relevant, ...replaceable, ...resistible, ...resolute, ...responsible,

..similar, ...stable, ...steady, ...suitable, ...visible

4. Identify what part of speech the words 'increase’, 'degenerate’ and
'measure’ represent in paragraphs 1, 4 and 5 respectively. What
other parts of speech can they belong to? Check how they should be
pronounced in each case.
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Focus on grammar

Answer the questions.

1) How are the Degrees of Comparison of adjectives and adverbs
formed?

2) What are the features of the Inversion and Emphasis?

3) What are the primary and secondary functions of modal verbs can,
may, must?

4) What distinguishes the Absolute Participial Construction (see
Text 2) from other constructions with the Participle? How is it
rendered into Russian?

Do the following tasks.

1) Analyse the use of the Modal verbs in the text.

2) State the functions of participles throughout the text.

3) Find the sentences with the Inversion and Emphasis in the text and
translate them.

4) Trace the instances of the Degrees of Comparison of adjectives
and adverbs in the text.

5) Identify Comparative constructions in paragraphs 3, 4, 5 and 6 and
translate them.

6) Comment on the use of the Complex Subject in the text and
translate the sentences it is used in.

Focus on paragraph structure and content

Answer the questions.

1) What key terms and phrases provide an effective means of
connecting the sentences in all the paragraphs of Text 1?

2) What parallel grammatical and structural forms (words, phrases,
clauses) are used in paragraphs 1, 2 and 3?

3) What does the pronoun 'it' in paragraphs 2 and 5 refer to?

4) What connecting words and phrases are used in all the paragraphs
of Text 1 to improve coherence?

Do the following tasks.

1) Indicate the topic sentence in each paragraph of Text 1.
2) Develop the idea of each topic sentence.
3) Sum up the main points of Text 1.
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Focus on vocabulary

1. Define or explain these terms.

temperature/pressure/density gradient, ideal gas, molecular weight,
radiation pressure, degenerate gas, convection, luminosity, opacity

2. Give English equivalents for the following word combinations.

BHYTpPCHHEE CTpPOCHHE 3BE3/bl, JABJICHHE WJCATBHOrO Ta3a, MOl
MMOBEPXHOCTHIO, THIPOCTATHYECKOE JABJICHUE, SIPO COJHIIA, TOYHOES
COOTHOIIICHHE, YETKO COOJI0JaTh 3aKOH HJCaTbHOTO  Tasa,
MPEeHeOPEeKUMO Maliasi Macca, IMOJHOCTHIO HOHH3HUPOBAHHBIA Ta3,
HeOeCHbIC Teja, B HEApax 3BE3Ibl, BHIPOXKICHHBIA ra3, JIaBJICHUE
paauanuu, SpKOCTh/CBETUMOCTD 3BE3/IbI

3. Give Russian equivalents for the following word combinations.
Make up sentences with some of them.

to be gradually converted into; the change in the star’s structure; to be
met with a high degree of validity; to be in hydrostatic equilibrium;
an explicit relation between temperature, density and pressure; the
interior of a typical star; to dissociate into individual atoms; to
contain a preponderance of hydrogen; throughout the interior; to set
an upper limit; the energy-transport method; an actual flow of
radiation outward through the star; the rate of change of temperature;
a measure of the opacity of the matter; the star’s chemical
composition; the ratio of helium to hydrogen; large-scale mass
motion of gases; to release great quantities of energy

4. Fill in the gaps using these lexical units: important, as well as,
gradually, preponderance, critically, interior, be derived from, be
divided by, common, accordingly, average, take account of,
particularly, spherical. Consult the text if necessary.

1) It is especially ... that model calculations ... the change in the
star’s structure with time as its hydrogen supply is ... converted
into helium.

2) Several mathematical relations can ... basic physical laws,
assuming that the gas is “ideal” and that a star has ... symmetry.

3) Another ... assumption is that the ... of a star is in hydrostatic
equilibrium.
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4) Since stars contain a ... of hydrogen and helium that are
completely ionized throughout the interior, the ... particle mass, p,
is the (unit) mass of a proton, ... a factor taking into account the
concentrations by weight of hydrogen, helium, and heavier ions.

5) ..., the molecular weight depends ... on the star’s chemical
composition, ... on the ratio of helium to hydrogen ... on the total
content of heavier matter.

Translate the sentences from Russian into English. Pay attention to
the connecting words.

1) [lockonmpKky ~ XapakTepHBIM  MpPHU3HAKOM  3BE3Abl  CIIyXKaT
MIPOTEKAIOIINE B €€ HEeIpax TEPMOsACpPHbIE PEAKIMH, UMEHHO HX
OTCYTCTBHE II0JIO’KEHO B OCHOBY OIIPEICIICHHS IUIAHETHI.

2) OpHako MOCIEIHUE TOABI TOKA3ald, YTO PAa3BUTHE CIICKTPATBLHOMN
KJaccupUKaIud HE NPEKPaTHUIIOCh: MOsABICHHE HH(PaKpacHBIX
NPUEMHUKOB U OOHapy)X€HHE C HX TIOMOIIBI0 KOPHYHEBBIX
KapJUKOB TMpuBeso B KoHIe 1990-x Kk BBEAEHUI0O HOBBIX
cnekTpanbHbiX knmaccoB L w T mus ten ¢ addekruBHOR
teMrepatypoit menee 2000 K.

3) K romy xe, KpoMe IrpaBUTALUH U AABJICHUS CaMOT'0 ra3a, Ha HEro
OKa3bIBAIOT BIUSHUE IPABUTAIUS 3BE3[, JABICHHUE MEXK3BE3THOTO
MarHuTHOTO TOJIS, ABJICHHE U3ITY4YEHHS U KOCMHUYECKUX JIydeH,
BpauieHue ["anakTuky.

4) CornacHo TmpocTellieMy BapuaHTy »dTOH Teopuu, (Hopmy
CKMMAoLIEicsl MPOTO3BE3ABI ONMCHIBAET IOCIEI0BATEIBLHOCTh
¢uryp paBHOBeCHS  CaMOIPaBUTHPYIOLIMX  BpAIAOIIUXCS
OJTHOPOIHBIX («OKUIKUXY) TEI.

5) HockonbKy OOBEKTHI € MaccaMH HHXKe 3TOTO Tpefena yke
00Hapy KeHbl B HEMaJIOM KOJUYECTBE — 3TO KOPUUHEBBIC KAPIUKH,
TO MOXHO CKa3aTh, YTO IIOCJIEIOBAaTEIbHOCTh HAOII0AAaEMbIX
MaJIOMaCCHBHBIX 3BE€3]] JOCTUTAET CBOETO (PM3MUYECKOTO Mpeaea,
O00YyCJIOBIEHHOTO  MpEKpamleHHeM  sACpHOro  CHHTE3a U
HACTYIJICHUEM BBIPOXKICHUS NP HHU3KOHW TeMmIepaType u
BBICOKOH INTIOTHOCTH.

6) Cyns mo pacyeram, >pQeKTHBHAs TeMIeparypa KOPHYHEBBIX
KapJauKoB HUKornaa He gocturaet 2800 K.

7) Bmpouem, o Mepe pocTa JIMHHOBOJHOBEIX BO3MYIICHUN MOXKET
MPOUCXOAUTH arjoMepanuss MajblX YIUIOTHEHHH B Ooiee
MacCHUBHBIE.
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8) Ilpu 3TOM, KaK JIETKO MOHATH, HAMOOIBIITYIO MacCy MPHOOPETAIOT
CaMbI€ MEJICHHO ABMIKYIIIHUECS 3BE3AbI.

9) B pesynbraTe 3a KOPOTKOE BpeMsi ObUIa CO3[jaHa TEOPHS AAEPHOTO
TOPEHHSI B BBIPOKIEHHOM BEIIIECTBE, PA3BUTHI CXEMBI OBICTPOTO U
MEJUICHHOTO 3axBaTa HEWTPOHOB, TMO3BOJIMBIINE OOBSCHHUTH
NPOMCXOXKICHUE XHMHYECKHUX DJJIEMEHTOB; OBUIO pacCYUTaHO
B3aMMO/ICICTBHE 000J0YEK CBEPXHOBBIX C MEK3BE3/IHOM Cpeoil.

10) BmopoueM, onWHOYHBIE O€ible KapJIUKH H  OJUHOYHBIC
HEHTpoHHBIE 3Be3nbl (OOHApyXeHHble B camMoOM KoHIle XX B.)
BBITTISIST JOBOJIBHO CIIOKOWHBIMH.

11) Opnako 3a mMociemIHAE TOABI HAHACHBI CPABHUTEILHO HEOObIINE
Tela, 3aMoHSIONME 0 Macce MPOMEXYTOK MEXAY 3Be3aMu U
IJIaHeTaMHU.

TEXT 2

1. Check the pronunciation of these words in a dictionary. If
necessary, specify their meaning.

annihilate, deuteron, effect, encounter, endure, event, finite,
inevitable, roughly, source, x-ray

2.  Read the text and describe the processes happening in the interiors
of stars.

Source of stellar energy

The most basic property of stars is that their radiant energy must
derive from internal sources. Given the great length of time that stars
endure (some 10 billion years in the case of the Sun), it can be shown that
neither chemical nor gravitational effects could possibly yield the required
energies. Instead, the cause must be nuclear events wherein lighter nuclei
are fused to create heavier nuclei, an inevitable by-product being energy.

In the interior of a star, the particles move rapidly in every direction
because of the high temperatures present. Every so often a proton moves
close enough to a nucleus to be captured, and a nuclear reaction takes
place. Only protons of extremely high energy (many times the average
energy in a star such as the Sun) are capable of producing nuclear events
of this kind. A minimum temperature required for fusion is roughly 10
million K. Since the energies of protons are proportional to temperature,
the rate of energy production rises steeply as temperature increases.
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For the Sun and other normal main-sequence stars, the source of
energy lies in the conversion of hydrogen to helium. The nuclear reaction
thought to occur in the Sun is called the proton-proton cycle. In this fusion
reaction, two protons (‘H) collide to form a deuteron (a nucleus of
deuterium, “H), with the liberation of a positron (the electron’s positively
charged antimatter counterpart, denoted e"). Also emitted is a neutral
particle of very small mass called a neutrino, v. While the helium “ash”
remains in the core where it was produced, the neutrino escapes from the
solar interior within seconds. The positron encounters an ordinary
negatively charged electron, and the two annihilate each other, with much
energy being released. This annihilation energy amounts to 1.02
megaelectron volts (MeV), which accords well with Einstein’s equation
E = mc* (where m is the mass of the two particles, c the velocity of light,
and E the liberated energy).

Next, a proton collides with the deuteron to form the nucleus of a
light helium atom of atomic weight 3, *He. A “hard” X-ray (one of higher
energy) or gamma-ray (y) photon also is emitted. The most likely event to
follow in the chain is a collision of this *He nucleus with a normal “He
nucleus to form the nucleus of a beryllium atom of weight 7, 'Be, with the
emission of another gamma-ray photon. The 'Be nucleus in turn captures
a proton to form a boron nucleus of atomic weight 8, ®B, with the
liberation of yet another gamma ray.

The ®B nucleus, however, is very unstable. It decays almost
immediately into beryllium of atomic weight 8, *Be, with the emission of
another positron and a neutrino. The nucleus itself thereafter decays into
two helium nuclei, “He. These nuclear events can be represented by the
following equations:

3He + *He — "Be + 5 (rather slow reacticod)
"TBe+ lH—=%B + v (rapid reaction)
B = ®Beyett v

(instantanecns reactions)
8Be — 2%He

In the course of these reactions, four protons are consumed to form
one helium nucleus, while two electrons perish.

The mass of four hydrogen atoms is 4 x 1.00797, or 4.03188, atomic
mass units; that of a helium atom is 4.0026. Hence, 0.02928 atomic mass
unit, or 0.7 percent of the original mass, has disappeared. Some of this has
been carried away by the elusive neutrinos, but most of it has been
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converted to radiant energy. In order to keep shining at its present rate, a
typical star (e.g., the Sun) needs to convert 674 million tons of hydrogen
to 670 million tons of helium every second. According to the formula
E =mc?, more than four million tons of matter literally disappear into
radiation each second. [...]

The main source of energy in hotter stars is the carbon cycle (also
called the CNO cycle for carbon, nitrogen, and oxygen), in which
hydrogen is transformed into helium, with carbon serving as a catalyst.
The reactions proceed as follows: first, a carbon nucleus, '“C, captures a
proton (hydrogen nucleus), 'H, to form a nucleus of nitrogen, “N, a

gamma-ray photon being emitted in the process; thus, '*C + 'H - *N +y.

The light 3N nucleus is unstable, however. It emits a positron, e', which
encounters an ordinary electron, ¢, and the two annihilate one another. A
neutrino also is released, and the resulting "*C nucleus is stable.
Eventually the *C nucleus captures another proton, forms '“N, and emits
another gamma-ray photon. In symbols the reaction is represented by the

equations °N - *C + ¢ + v; then *C + 'H - "N + v. Ordinary nitrogen,
N, is stable, but when it captures a proton to form a nucleus of light

oxygen-15, "0, the resulting nucleus is unstable against beta decay. It
therefore emits a positron and a neutrino, a sequence of events expressed
by the equations "“N + 'H » 'O + y; then O —» "N + ¢" + v. Again, the
positron meets an electron, and the two annihilate each other while the
neutrino escapes. Eventually the "N nucleus encounters a fast-moving
proton, 1H, and captures it, but the formation of an ordinary '°O nucleus

by this process occurs only rarely. The most likely effect of this proton
capture is a breakdown of '°N and a return to the '*C nucleus — that is, °N

+ 'H » "2C + *He + y. Thus, the original '*C nucleus reappears, and the

four protons that have been added permit the formation of a helium
nucleus. The same amount of mass has disappeared, though a different
fraction of it may have been carried off by the neutrinos.

Only the hottest stars that lie on the main sequence shine with energy
produced by the carbon cycle. The faint red dwarfs use the proton-proton
cycle exclusively, whereas stars such as the Sun shine mostly by the
proton-proton reaction but derive some contribution from the carbon cycle
as well.

The aforementioned mathematical relationships permit the problem of
stellar structure to be addressed notwithstanding the complexity of the
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problem. An early assumption that stars have a uniform chemical
composition throughout their interiors simplified the calculations
considerably, but it had to be abandoned when studies in stellar evolution
proved that the compositions of stars change with age. Computations need
to be carried out by a step-by-step process known as numerical
integration. They must take into account that the density and pressure of a
star vanish at the surface, whereas these quantities and the temperature
remain finite at the core.

3. Translate the following sentences. Pay attention to the Absolute
Participial Construction and other grammar forms and structures.

1) Instead, the cause must be nuclear events wherein lighter nuclei
are fused to create heavier nuclei, an inevitable by-product being
energy.

2) Every so often a proton moves close enough to a nucleus to be
captured, and a nuclear reaction takes place.

3) The nuclear reaction thought to occur in the Sun is called the
proton-proton cycle.

4) Also emitted is a neutral particle of very small mass called a
neutrino, v.

5) The positron encounters an ordinary negatively charged electron,
and the two annihilate each other, with much energy being
released.

6) In the course of these reactions, four protons are consumed to
form one helium nucleus, while two electrons perish.

7) The main source of energy in hotter stars is the carbon cycle (also
called the CNO cycle for carbon, nitrogen, and oxygen), in which
hydrogen is transformed into helium, with carbon serving as a
catalyst.

8) Only the hottest stars that lie on the main sequence shine with
energy produced by the carbon cycle.

9) The same amount of mass has disappeared, though a different
fraction of it may have been carried off by the neutrinos.

10) The aforementioned mathematical relationships permit the
problem of stellar structure to be addressed notwithstanding the
complexity of the problem.

4. Read the text again and trace connecting words and phrases. If
necessary, check their meaning.
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TEXT 3
1. Read the text and identify the topic of each paragraph.

Star Formation and Evolution

1. Throughout the Milky Way Galaxy (and even near the Sun itself),
astronomers have discovered stars that are well evolved or even
approaching extinction, or both, as well as occasional stars that must be
very young or still in the process of formation. Evolutionary effects on
these stars are not negligible, even for a middle-aged star such as the Sun.
More massive stars must display more spectacular effects because the rate
of conversion of mass into energy is higher. While the Sun produces
energy at the rate of about two ergs per gram per second, a more luminous
main-sequence star can release energy at a rate some 1,000 times greater.
Consequently, effects that require billions of years to be easily recognized
in the Sun might occur within a few million years in highly luminous and
massive stars. A supergiant star such as Antares, a bright main-sequence
star such as Rigel, or even a more modest star such as Sirius cannot have
endured as long as the Sun has endured. These stars must have been
formed relatively recently.

Birth of stars and evolution to the main sequence

2. Detailed radio maps of nearby molecular clouds reveal that they
are clumpy, with regions containing a wide range of densities — from a
few tens of molecules (mostly hydrogen) per cubic centimetre to more
than one million. Stars form only from the densest regions, termed cloud
cores, though they need not lie at the geometric centre of the cloud. Large
cores (which probably contain subcondensations) up to a few light-years
in size seem to give rise to unbound associations of very massive stars
(called OB associations after the spectral type of their most prominent
members, O and B stars) or to bound clusters of less massive stars.
Whether a stellar group materializes as an association or a cluster seems to
depend on the efficiency of star formation. If only a small fraction of the
matter goes into making stars, the rest being blown away in winds or
expanding H II regions, then the remaining stars end up in a
gravitationally unbound association, dispersed in a single crossing time
(diameter divided by velocity) by the random motions of the formed stars.
On the other hand, if 30 percent or more of the mass of the cloud core
goes into making stars, then the formed stars will remain bound to one
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another, and the ejection of stars by random gravitational encounters
between cluster members will take many crossing times.

3. In the centre of the Orion Nebula (M42) astronomers have
identified some 700 young stars in this 2.5-light-year-wide area. They
have also detected over 150 protoplanetary disks, or proplyds, which are
believed to be embryonic solar systems that will eventually form planets.
These stars and proplyds generate most of the nebula's light.

4. Low-mass stars also are formed in associations called T
associations after the prototypical stars found in such groups, T Tauri
stars. The stars of a T association form from loose aggregates of small
molecular cloud cores a few tenths of a light-year in size that are
randomly distributed through a larger region of lower average density.
The formation of stars in associations is the most common outcome;
bound clusters account for only about 1 to 10 percent of all star births.
The overall efficiency of star formation in associations is quite small.
Typically less than 1 percent of the mass of a molecular cloud becomes
stars in one crossing time of the molecular cloud (about 5x10° years).
Low efficiency of star formation presumably explains why any interstellar
gas remains in the Galaxy after 10'" years of evolution. Star formation at
the present time must be a mere trickle of the torrent that occurred when
the Galaxy was young.

5. A typical cloud core rotates fairly slowly, and its distribution of
mass is strongly concentrated toward the centre. The slow rotation rate is
probably attributable to the braking action of magnetic fields that thread
through the core and its envelope. This magnetic braking forces the core
to rotate at nearly the same angular speed as the envelope as long as the
core does not go into dynamic collapse. Such braking is an important
process because it assures a source of matter of relatively low angular
momentum (by the standards of the interstellar medium) for the formation
of stars and planetary systems. It also has been proposed that magnetic
fields play an important role in the very separation of the cores from their
envelopes. The proposal involves the slippage of the neutral component of
a lightly ionized gas under the action of the self-gravity of the matter past
the charged particles suspended in a background magnetic field. This slow
slippage would provide the theoretical explanation for the observed low
overall efficiency of star formation in molecular clouds.

6. At some point in the course of the evolution of a molecular cloud,
one or more of its cores become unstable and subject to gravitational
collapse. Good arguments exist that the central regions should collapse
first, producing a condensed protostar whose contraction is halted by the



STARS 93

large buildup of thermal pressure when radiation can no longer escape
from the interior to keep the (now opaque) body relatively cool. The
protostar, which initially has a mass not much larger than Jupiter,
continues to grow by accretion as more and more overlying material falls
on top of it. The infall shock, at the surfaces of the protostar and the
swirling nebular disk surrounding it, arrests the inflow, creating an intense
radiation field that tries to work its way out of the infalling envelope of
gas and dust. The photons, having optical wavelengths, are degraded into
longer wavelengths by dust absorption and reemission, so that the
protostar is apparent to a distant observer only as an infrared object.
Provided that proper account is taken of the effects of rotation and
magnetic field, this theoretical picture correlates with the radiative spectra
emitted by many candidate protostars discovered near the centres of
molecular cloud cores.

7. An interesting speculation concerning the mechanism that ends the
infall phase exists: it notes that the inflow process cannot run to
completion. Since molecular clouds as a whole contain much more mass
than what goes into each generation of stars, the depletion of the available
raw material is not what stops the accretion flow. A rather different
picture is revealed by observations at radio, optical, and X-ray
wavelengths. All newly born stars are highly active, blowing powerful
winds that clear the surrounding regions of the infalling gas and dust. It is
apparently this wind that reverses the accretion flow.

8. The geometric form taken by the outflow is intriguing. Jets of
matter seem to squirt in opposite directions along the rotational poles of
the star (or disk) and sweep up the ambient matter in two lobes of
outwardly moving molecular gas — the so-called bipolar outflows. Such
jets and bipolar outflows are doubly interesting because their counterparts
were discovered sometime earlier on a fantastically larger scale in the
double-lobed forms of extragalactic radio sources, such as quasars.

9. The underlying energy source that drives the outflow is unknown.
Promising mechanisms invoke tapping the rotational energy stored in
either the newly formed star or the inner parts of its nebular disk. There
exist theories suggesting that strong magnetic fields coupled with rapid
rotation act as whirling rotary blades to fling out the nearby gas. Eventual
collimation of the outflow toward the rotation axes appears to be a generic
feature of many proposed models.

10. Pre-main-sequence stars of low mass first appear as visible
objects, T Tauri stars, with sizes that are several times their ultimate main-
sequence sizes. They subsequently contract on a time scale of tens of
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millions of years, the main source of radiant energy in this phase being the
release of gravitational energy. As the internal temperature rises to a few
million kelvins, deuterium (heavy hydrogen) is first destroyed. Then
lithium, beryllium, and boron are broken down into helium as their
nuclei are bombarded by protons moving at increasingly high speeds.
When their central temperatures reach values comparable to 107K,
hydrogen fusion ignites in their cores, and they settle down to long stable
lives on the main sequence. The early evolution of high-mass stars is
similar; the only difference is that their faster overall evolution may allow
them to reach the main sequence while they are still enshrouded in the
cocoon of gas and dust from which they formed.

11. Detailed calculations show that a protostar first appears on the
Hertzsprung-Russell diagram well above the main sequence because it is
too bright for its colour. As it continues to contract, it moves downward
and to the left toward the main sequence.

2.  Read the text again and describe the main stages of star formation
and evolution.

3. Fill in the gaps with appropriate prepositions from memory.
Translate the sentences.

1) Evolutionary effects ... these stars are not negligible, even ... a
middle-aged star such as the Sun.

2) More massive stars must display more spectacular effects because
the rate ... conversion ... mass ... energy is higher.

3) While the Sun produces energy ... the rate of about two ergs ...
gram ... second, a more luminous main-sequence star can release
energy ... a rate some 1,000 times greater.

4) Detailed radio maps ... nearby molecular clouds reveal that they
are clumpy, with regions containing a wide range ... densities —
... afew tens ... molecules (mostly hydrogen) ... cubic centimetre
... more than one million.

5) Stars form only ... the densest regions, termed cloud cores, though
they need not lie ... the geometric centre ... the cloud.

6) If only a small fraction ... the matter goes ... making stars, the rest
being blown away in winds or expanding H II regions, then the
remaining stars end up in a gravitationally unbound association,
dispersed ... a single crossing time (diameter divided ... velocity)
by the random motions ... the formed stars.
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1

7) The stars ... a T association form from loose aggregates ... small
molecular cloud cores a few tenths ... a light-year ... size that are
randomly distributed through a larger region ... lower average
density.

8) The proposal involves the slippage ... the neutral component ... a
lightly ionized gas ... the action ... the self-gravity ... the matter
past the charged particles suspended in a background magnetic
field.

9) Jets ... matter seem to squirt ... opposite directions along the
rotational poles ... the star (or disk) and sweep up the ambient
matter in two lobes ... outwardly moving molecular gas — the so-
called bipolar outflows.

TEXT 4

Read the text and answer the following questions:

1) What is usually called a Hertzsprung-Russell diagram?

2) Which stars lie closely around a diagonal line called the main
sequence?

3) What group of stars lies above the main sequence in the upper
right portion of the diagram?

4) What other types of stars are mentioned in the text? What are their
main features?

5) Where does the white dwarf domain lie?

6) What are the main gaps in the Hertzsprung-Russell diagram?

Hertzsprung-Russell diagram

When the absolute magnitudes of stars, or their intrinsic luminosities

on a logarithmic scale, are plotted in a diagram against temperature or,
equivalently, against the spectral types, the stars do not fall at random on

the diagram but tend to congregate in certain restricted domains. Such a
plot is usually called a Hertzsprung-Russell diagram, named for the early

20th-century astronomers Ejnar Hertzsprung of Denmark and Henry

Norris Russell of the United States, who independently discovered the
relations shown in it. As is seen in the diagram, most of the congregated

stars are dwarfs lying closely around a diagonal line called the main
sequence. These stars range from hot, O- and B-type, blue objects at least
10,000 times brighter than the Sun down through white A-type stars such
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as Sirius to orange K-type stars such as Epsilon Eridani and finally to M-
type red dwarfs thousands of times fainter than the Sun. The sequence is
continuous; the luminosities fall off smoothly with decreasing surface
temperature; the masses and radii decrease but at a much slower rate; and
the stellar densities gradually increase.

The second group of stars to be recognized was a group of giants —
such objects as Capella, Arcturus, and Aldebaran — which are yellow,
orange, or red stars about 100 times as bright as the Sun and have radii on
the order of 10—30 million km (about 6—20 million miles, or 15—40 times
as large as the Sun). The giants lie above the main sequence in the upper
right portion of the diagram. The category of supergiants includes stars of
all spectral types; these stars show a large spread in intrinsic brightness,
and some even approach absolute magnitudes of =7 or —8. A few red
supergiants, such as the variable star VV Cephei, exceed in size the orbit
of Jupiter or even that of Saturn, although most of them are smaller.
Supergiants are short-lived and rare objects, but they can be seen at great
distances because of their tremendous luminosity.

Subgiants are stars that are redder and larger than main-sequence
stars of the same luminosity. Many of the best-known examples are found
in close binary systems where conditions favour their detection.

Hertzsprung-Russell diagram
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The white dwarf domain lies about 10 magnitudes below the main
sequence. These stars are in the last stages of their evolution.

The spectrum-luminosity diagram has numerous gaps. Few stars exist
above the white dwarfs and to the left of the main sequence. The giants
are separated from the main sequence by a gap named for Hertzsprung,
who in 1911 became the first to recognize the difference between main-
sequence and giant stars. The actual concentration of stars differs
considerably in different parts of the diagram. Highly luminous stars are
rare, whereas those of low luminosity are very numerous.

The spectrum-luminosity diagram applies to the stars in the galactic
spiral arm in the neighbourhood of the Sun and represents what would be
obtained if a composite Hertzsprung-Russell diagram were constructed
combining data for a large number of the star groups called open (or
galactic) star clusters, as, for example, the double cluster /4 and y Persei,
the Pleiades, the Coma cluster, and the Hyades. It includes very young
stars, a few million years old, as well as ancient stars perhaps as old as 10
billion years.

2. Describe the Hertzsprung-Russell diagram (HRD) taking account
of stars' Iluminosity, spectral type, colour, temperature and
evolutionary stage.

TEXT 5§

1.  Read the article from Encyclopaedia Britannica devoted to stellar
classification and identify the most important facts.

Stellar classification is a scheme for assigning stars to types
according to their temperatures as estimated from their spectra. The
generally accepted system of stellar classification is a combination of two
classification schemes: the Harvard system, which is based on the star’s
surface temperature, and the MK system, which is based on the star’s
luminosity.

In the 1860s the Italian astronomer Angelo Secchi distinguished four
main spectral types of stars. At the Harvard College Observatory in the
1880s, during the compilation of the Henry Draper Catalogue of stars,
more types were distinguished and were designated by letter in alphabetic
sequence according to the strength of their hydrogen spectral lines. Most
of this work was done by three assistants, Williamina P. Fleming, Antonia



98 UNIT 4

C. Maury, and Annie Jump Cannon. As the work progressed, the types
were rearranged in a nonalphabetic sequence to put them in order by
surface temperature. From hot stars to cool, the order of stellar types is: O,
B, A, F, G, K, M. (A traditional mnemonic for this sequence is “Oh Be A
Fine Girl [or Guy], Kiss Me.”) Additional letters have been used to
designate novas and less common types of stars. Numbers from 0 to 9 are
used to subdivide the types, the higher numbers applying to cooler stars.
The hotter stars are sometimes referred to as early and the cooler as late.
With the discovery of brown dwarfs, objects that form like stars but do not
shine through thermonuclear fusion, the system of stellar classification has
been expanded to include spectral types L, T, and Y.

Class O includes bluish white stars with surface temperatures
typically of 25,000-50,000 K (although a few O-type stars with vastly
greater temperatures have been described); lines of ionized helium appear
in the spectra. Class B stars typically range from 10,000 K to 25,000 K
and are also bluish white but show neutral helium lines. The surface
temperatures of A-type stars range from 7,400 K to about 10,000 K; lines
of hydrogen are prominent, and these stars are white. F-type stars are
yellow-white, reach 6,000-7,400 K, and display many spectral lines
caused by metals. The Sun is a class G star; these are yellow, with surface
temperatures of 5,000-6,000 K. Class K stars are yellow to orange, at
about 3,500-5,000 K, and M stars are red, at about 3,000 K, with titanium
oxide prominent in their spectra. L brown dwarfs have temperatures
between about 1,500 and 2,500 K and have spectral lines caused by alkali
metals such as rubidium and sodium and metallic compounds like iron
hydride. T brown dwarfs have prominent methane absorption in their
spectra and temperatures between about 800 and 1,500 K. Class Y brown
dwarfs are cooler than 800 K and have spectral lines from ammonia and
water.

The MK, or Yerkes, system is the work of the American astronomers
W.W. Morgan, P.C. Keenan, and others. It is based on two sets of
parameters: a refined version of the Harvard O-M scale, and a luminosity
scale of grades I (for supergiants), II (bright giants), III (normal giants),
IV (subgiants), and V (main sequence, or dwarf, stars); further
specifications may be used, such as a grade la for bright supergiants and
grades VI and VII for subdwarfs and white dwarfs, respectively. Thus the
Sun, a yellow dwarf star of some 5,800 K, is designated G2 V; while
Barnard’s star, a red dwarf of some 3,100 K, is classified M5 V; and the
bright supergiant Rigel is classified BS Ia.
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2. Transform the information about stellar classification into graphic
form and then summarise it by selecting and reporting the main
features.

CHECK YOURSELF
1. Translate the text at sight.

Subsequent development on the main sequence

As the central temperature and density continue to rise, the proton-
proton and carbon cycles become active, and the development of the (now
genuine) star is stabilized. The star then reaches the main sequence, where
it remains for most of its active life. The time required for the contraction
phase depends on the mass of the star. A star of the Sun’s mass generally
requires tens of millions of years to reach the main sequence, whereas one
of much greater mass might take a few hundred thousand years.

By the time the star reaches the main sequence, it is still chemically
homogeneous. With additional time, the hydrogen fuel in the core is
converted to helium, and the temperature slowly rises. If the star is
sufficiently massive to have a convective core, the matter in this region
has a chance to be thoroughly mixed, but the outer region does not mix
with the core. The Sun, by contrast, has no convective core, and the
helium-to-hydrogen ratio is maximum at the centre and decreases
outward. Throughout the life of the Sun, there has been a steady depletion
of hydrogen, so that the concentration of hydrogen at the centre today is
probably only about one-third of the original amount. The rest has been
transformed into helium. Like the rate of formation of a star, the
subsequent rate of evolution on the main sequence is proportional to the
mass of the star; the greater the mass, the more rapid the evolution.
Whereas the Sun is destined to endure for some 10 billion years, a star of
twice the Sun’s mass burns its fuel at such a rate that it lasts about 3
billion years, and a star of 10 times the Sun’s mass has a lifetime
measured in tens of millions of years. By contrast, stars having a fraction
of the mass of the Sun seem able to endure for trillions of years, which is
much greater than the current age of the universe.
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2. Translate the text in writing. Time limit: 60 min.

Evolution of low-mass stars

Theoretical calculations suggest that, as the star evolves from the
main sequence, the hydrogen-helium core gradually increases in mass but
shrinks in size as more and more helium ash is fed in through the outer
hydrogen-burning shell. Energy is carried outward from the shell by rapid
convection currents. The temperature of the shell rises; the star becomes
more luminous; and it finally approaches the top of the giant domain on
the Hertzsprung-Russell diagram. By contrast, the core shrinks by
gravitational contraction, becoming hotter and denser until it reaches a
central temperature of about 120 million K. At that temperature the
previously inert helium is consumed in the production of heavier
elements.

When two helium nuclei each of mass 4 atomic units (‘He) are
jammed together, it might be expected that they would form a nucleus of

beryllium of mass 8 atomic units (*Be). In symbols, “He + “He — ®Be.

Actually, however, 8Be is unstable and breaks down into two helium
nuclei. If the temperature and density are high enough, though, the short-
lived beryllium nucleus can (before it decays) capture another helium
nucleus in what is essentially a three-body collision to form a nucleus of

carbon-12 — namely, *Be + “He - '*C.

This fusion of helium in the core, called the triple alpha process, can
begin gradually in some stars, but in stars with masses between about half
of and three times the Sun’s mass, it switches on with dramatic
suddenness, a process known as the “helium flash.” Outwardly the star
shows no discernible effect, but the course of its evolution is changed with
this new source of energy. Having only recently become a red giant, it
now evolves somewhat down and then to the left in the Hertzsprung-
Russell diagram, becoming smaller and hotter. This stage of core helium
burning, however, lasts only about a hundredth of the time taken for core
hydrogen burning. It continues until the core helium supply is exhausted,
after which helium fusion is limited to a shell around the core, just as was
the case for hydrogen in an earlier stage. This again sets the star evolving
toward the red giant stage along what is called the asymptotic giant
branch, located slightly above the main region of giants in the
Hertzsprung-Russell diagram.

In more massive stars, this cycle of events can continue, with the
stellar core reaching ever-higher temperatures and fusing increasingly
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heavy nuclei, until the star eventually experiences a supernova explosion.
In lower-mass stars like the Sun, however, there is insufficient mass to
squeeze the core to the temperatures needed for this chain of fusion
processes to proceed, and eventually the outermost layers extend so far
from the source of nuclear burning that they cool to a few thousand
kelvins. The result is an object having two distinct parts: a well-defined
core of mostly carbon ash and a swollen spherical shell of cooler and
thinner matter spread over a volume roughly the size of the solar system.
Such shells of matter, called planetary nebulas, are actually observed in
large numbers in the sky. Of the roughly 3,500 examples known in the
Milky Way Galaxy alone, NGC 7027 is the most intensively studied.

3. Translate the sentences into English.

1) 'paBuTaIIOHHOE CXKATHE TPOTO3BE3]l MAaJOW MAaCChl OCTaHa-
BIIMBACTCS paHbBIIE, YeM TeMIlepaTypa B WX LEHTPE IOCTHTaeT
3Ha4YeHUs, HEOOXOAMMOTO /IS peakiuii cuaTe3a H—He.

2) Ilpu macce menee 0,07Mp (TOYHOE 3HAUCHUE 3aBUCUT OT XUMHUE-
CKOTO COCTaBa) 3Be3fla HE CIMOcoOHa CHKUTaTh JIETKUH H30TOI
BOJIOPO/a, a 3HAYHMT, B €€ JXU3HU HeT (a3bl TIJIaBHOW MOCIe-
JIOBaTeIbHOCTH — CaMOTO [UIMTEIBHOTO JTala B OJKU3HU
HOPMAJIbHBIX 3BE3/I.

3) Kapn Befinzekkep npeArnonoxkui, 4To U3 NepeoOoraieHHOTO Mbi-
JBIO BellecTBa (DOPMUPYIOTCS JIHMING SApa 3BE3, a 3aTeM Ha HHX
MIPOUCXOANUT aKKPEIHsI YUCTOTO Ta3a, COAePKAIIEro Majio IMbLTH.

4) Jlns nanbosee XOJOIHBIX HH(PPAKPACHBIX 0OBEKTOB B CIEKTPab-
HYI0 KIACCHU(UKAIMIO 3Be3]] IMOTPeOOBajIOCh BBECTH HOBBIE
KIIaCCHI.

5) Ilpu cmy4aitHoM COMMKEHUH JOCTATOYHO MAaCCUBHBIX 00JIAKOB MX
B3aMMHOE TPABUTAIIMOHHOE TPUTHKCHUE JOJDKHO O0JIeruaTh
CAsHYE, yBenn4nBasi d3PQPEKTUBHOE CEUCHHE B3aUMOJCHCTBUS U
SHEPTHIO CBSI3U KOHIJIOMEpaTa.

6) Kak u3BecTHO, ¢ pOCTOM MacChl 3Be3llbI OBICTPO BO3pacTaeT ee
TeMIepaTypa U JaBJICHUE U3ITYICHUS Ha BHEITHHE CIOU.

7) Yxe mepBble U3MEPEHHUS JTyYEBBIX CKOPOCTEH U (poToMeTpus Ime-
PEMEHHBIX 3BE3J IMO3BOJIMIIM MHOTO€ y3HaTh O JBUXKCHHH UX
HapY KHBIX CIIOEB ¥ CO37aTh TEOPHIO MX PATUAIBHBIX MyIhCAINH.

8) Nmenno torma @pen XoWT 3aJI0KHII OCHOBEI TEOPHH aKKPEIIHH,
KOTOpas MoTpedoBagach HE TOIBKO ISt 00BICHESHHUS XUMHUIESCKOTO
cocraBa 3Be3JHBIX aTMocdep, HO M JIs ONpaBIaHHs KOHIICH-
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Tpamuu Hamboyiee MOJIOABIX ¥ MACCHBHBIX 3Be3 BOIH3H
MeX3Be3QHBIX 001aK0B B Buae OB-accormariii.

4. Render the text into English, either orally or in writing.

Bo3spacr 3Be3a

HaburoneHnst mo3BOJSIOT HAZEKHO ONPENESITh TOIBKO «HAPYKHBIE»
napaMmeTphl 3BE€3/bl: MacCy, paanyc, TeMIEpaTypy MOBEPXHOCTH U XUMHU-
4yecKkuil cocrtaB atMocdeprl. PacnpeneneHue GuU3NYecKUX MapaMeTpoB U
XUMHYECKOTO COCTaBa BHYTPH 3BE3/bl, B OCHOBHOM, BBISICHSETCS ITyTEM
YHUCIIEHHOTO MOJENTHpoBaHus. Ecian HEcKoJabKko OrpyOHUTH JeCTBUTENb-
HOCTh, T. €. HE IPUHUMATh BO BHHUMaHHE MAarHWTHOE TIOJI€ M TMPEIIoo-
JKUTh, 9TO HadaJbHOE pacrpeiesieHNe XUMHYECKHX DJIEMEHTOB B 3BE3JIE
OBLIO OAHOPOAHBIM, TO HE3aBUCHUMBIX IMapaMETpPOB Yy 3BE3bl OCTACTCA
TOJIBKO TPH, — Macca, HavyajdbHBI XMMCOCTaB M BO3pacT, a BCE MPOUUE
OJTHO3HAYHO CBSA3aHBI C HUMH, BO BCSIKOM CIIy4ae, Y OJUHOYHBIX 3BE3I.
3HAaYUT TeOopHs 3BE3000pa30BaHM, UCXOAS U3 JAHHBIX O MEXK3BE3THOMN
cpeze, JOKHa OOBACHUTH HAOII0AaeMoe pacipeaecHue 3Be3]] 0 Macce
U TIPEIOKHUTH pa3yMHBIN CIIeHapUil IBOIONUH [ 'aJakTHKH, B paMKaX KO-
TOPOTO MOYKHO OOBSCHUTH PacIpeieieHre JOIT0KUBYIINX 3BE3]T IT0 Mac-
C€ U XMMCOCTaBY.

To, 4To 3Be3AbI JOJKHBI POXKAATHCS B COBPEMEHHYIO 3IO0XY, OBLIO
noHATO B 1940-e 1T., mOCiIE OTKPBITUS TEPMOSJEPHBIX peakiuid. Torma
noacyuTaar, 4TO MaCCHBHBIC O-3B€3I[LI, CBE€TUMOCTL KOTOPBIX IOYTHU B
MUJUIMOH Pa3 MPEBOCXOJIUT COJIHEUHYIO, HCUEPIBIBAIOT CBOM sAEpPHBIM
WCTOYHHK SHEPTUH MeHee deM 3a 10 ser, a 3Ha4uT chOPMHUPOBAIHCH CO-
BceM HenmaBHO. [IpaBna, Belimzekkep mpeamonoxui, uto OB-38e3161 — 3T0
CTapbIC 3BC3bI, 3aXBATUBIOHEC IIYTEM AKKPCHHUU MCEK3BE3JHOC BCIICCTBO
MIPH TPOJIETE CKBO3b IUIOTHOE OOJIAKO M TaKMM 00pa3oM «OMOJIOIUBIIIVE-
cs». DTa OCTpOYMHAs H7esl MOTJa OOBIACHUTH MPOCTPAHCTBEHHYIO CBSI3b
OB-3Be3n ¢ obmakamu raza. OgHAaKO 4acToe MPUCYTCTBUE 3THUX 3BE3N B
pacCessHHBIX CKOIUICHUSIX U B OUYEHb KOPOTKOXXUBYIIMX KPATHBIX CHUCTE-
Max tuna Tpamenuu OprnoHa oHa OOBSICHUTH HE MOTJIA.

Teopernueckuii ananmm3 muHamukn OB- m T-acconmanuii mMO3BOHII
B. A. AMOapiyMsiHy 3aKIFOYUTh, YTO 3TH 3BE3HBIC TPYIIUPOBKU HE MO-
IyT cylecTBoBaTh Gonee 107 neT. A HOCKONbKY B HMX HPUCYTCTBYIOT HE
TOJIBKO OBICTPO 3BOIIONMOHUpYIore O- u B-3Be3/1bI, HO U JONTOXKUBY-
e G-mu M-KapJ'II/IKI/I, CTaJI0 OYCBHJIHBIM, YTO 3BC3JIbI BCCBO3MOKHBIX
Macc poxaaroTcs B ["alakTUKe B HAILy 3TOXY.

(Cypnun B.I'. Poxxnenue 38e31)
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5. Read an excerpt from the article "How Herschel unlocked the
secrets of star formation'. Draw a mind-map to help you retell the
text. Time limit: 20 min.

How Herschel unlocked the secrets of star formation

Surveying the sky for almost four years to observe the glow of cold
cosmic dust embedded in interstellar clouds of gas, the Herschel Space
Observatory has provided astronomers with an unprecedented glimpse
into the stellar cradles of our Galaxy. As a result, giant strides have been
taken in our understanding of the physical processes that lead to the birth
of stars and their planetary systems. [...]

Boasting a telescope with a 3.5-metre primary mirror — the largest
ever to observe at far-infrared wavelengths — and detectors cooled to just
above absolute zero, Herschel could perform observations with
unprecedented sensitivity and spatial resolution at the wavelengths that
are crucial to delve into the tangle of star-forming clouds.

This made Herschel much more capable of mapping the direct
emission from cold dust than its predecessors, which include the US-
Dutch-British Infrared Astronomical Satellite (IRAS), ESA's Infrared
Space Observatory (ISO), NASA's Spitzer Space Telescope, and JAXA's
Akari satellite.

Dust is a minor but crucial component of the interstellar medium that
obscures observations at optical and near-infrared wavelengths. As such,
it had long stood in the way of astronomers getting to the bottom of star
formation, in our Milky Way as well as in other, more distant galaxies.

Herschel turned the situation around completely. Rather than being a
problem, the dust became a crucial asset for astronomers: shining brightly
at the long wavelengths probed by the observatory, dust could be used as a
tracer of interstellar gas across the Galaxy and, most importantly, of its
densest regions — the molecular clouds — where star formation unfolds.

In addition, Herschel provided the unique possibility to observe, with
unprecedented spectral coverage and resolution, a vast number of lines in
the spectra of gas clouds produced by atoms and molecules that are
present, albeit in small amounts, in the gas. Together with the observation
of dust, these atomic and molecular lines were instrumental in tracking
down the properties of gas in a vast number of star-forming clouds.

Several of Herschel's Key Programmes were dedicated to studying
the birth of stars in molecular clouds, near and far, in our Galaxy.
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Prominently among them, the Herschel Gould Belt Survey
concentrated on areas close to home, gathering exceptionally detailed
observations of the nearest star-forming regions, which are located in
clouds collectively forming a giant ring out to 1500 light-years from the
Sun. Another project, the Herschel imaging survey of OB Young Stellar
objects, looked specifically at how massive stars are born. And finally, the
Herschel infrared Galactic Plane Survey performed a complete census of
stellar nurseries across the Milky Way by collecting a 360-degree view of
the Galactic Plane.

These three observing programmes alone spent over 1500 hours of
observations to investigate star formation.

FOCUS ON PRODUCTIVE WRITING
AND SPEAKING SKILLS

1.  Write a paragraph of 100-120 words to describe one type of star at
your choice. Ensure continuity within a paragraph using proper
means of cohesion.

2.  Prepare a 5-minute talk on one of the following topics. You may
choose any other topic related to stars which is not on the list.

1) Stellar interiors and fusion processes

2) Star formation in our galaxy

3) Evolution from main-sequence stars to red giants

4) Sources of sunshine: thermal and gravitational energy
5) Groundbreaking scientific discoveries in astrophysics

KEY WORDS AND WORD COMBINATIONS

Accretion
accretion flow
Arm
galactic spiral arm
Association
T association, OB association, gravitationally = unbound
association
Binary system
close binary system
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Brightness
intrinsic brightness
Celestial
celestial object
Cluster
bound cluster, double cluster, open star cluster, star cluster;
cluster member
Composition
chemical composition
Core
cloud core, convective core, dense core, hydrogen-helium core,
molecular cloud core, typical cloud core, well-defined core; core
helium burning, core helium supply, core hydrogen burning
Crossing time
Depletion
depletion of hydrogen
Disk
nebular disk, protoplanetary disk (proplyd)
Dwarf
red dwarf, white dwarf
Envelope
envelope of gas and dust, infalling envelope
Galaxy
the Milky Way galaxy
Gas
degenerate gas, ideal gas, infalling gas, ionized gas, lightly
ionized gas, molecular gas, nearby gas, neutral gas, perfect gas
Giant
supergiant, subgiant; giant domain
Gradient
density gradient, temperature gradient, pressure gradient
Infrared object
Internal
internal matter, internal structure
Interstellar
interstellar gas, interstellar medium
Jet
jets of matter
Luminosity
intrinsic luminosity, tremendous luminosity
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Molecular cloud

Nebula (nebulae)
the Orion nebula, planetary nebula

Opacity

Outflow

Protostar
candidate protostar, condensed protostar

Quasar

Shell

Solar
solar interior, solar system

Star
ancient star, A-type star, bright star, B-type star, congregated
stars, evolved star, formed star, giant star, high luminosity star,
highly luminous star, high-mass star, hot star, low luminosity
star, low-mass star, luminous star, main-sequence star, massive
star, middle-aged star, modest star, M-type star, newly formed
star, normal star, O-type star, occasional star, orange star, pre-
main-sequence star, prototypical stars, red star, remaining stars,
supergiant star, T Tauri stars, typical star, yellow star, young
star; star formation, star group, star-forming regions

Stellar
stellar core, stellar density, stellar evolution, stellar group, stellar
interior, stellar structure

Temperature
central temperature, surface temperature



UNIT 5. NUCLEAR PHYSICS

FISSION

TEXT 1

1. Check the pronunciation of these words in a dictionary. If
necessary, specify their meaning.

analogous, chemical, constitute, Coulomb, develop, dilute, equation,
fission, nuclei, nucleon, oscillate, pursue, scission

2.  Read the text and answer the questions below.

How may the fission process be best understood?

When is the binding energy of a nucleus released?

When does the largest binding energy occur?

How do the nuclei lighter than mass number 56 gain in stability?
What process prevents all matter to convert into nuclei of mass
number 567

What is called the ‘saddle point’ and why?

Why is it necessary to construct simplified models of the process
of fission?

8. What is the driving force for physical and chemical reactions?

kW=

S

Fundamentals of the Fission Process.
Structure and stability of nuclear matter

1. The fission process may be best understood through a
consideration of the structure and stability of nuclear matter. Nuclei
consist of nucleons (neutrons and protons), the total number of which is
equal to the mass number of the nucleus. The actual mass of a nucleus is
always less than the sum of the masses of the free neutrons and protons
that constitute it, the difference being the mass equivalent of the energy of
formation of the nucleus from its constituents. The conversion of mass to
energy follows Einstein’s equation, E =mc’ where E is the energy
equivalent of a mass, m, and c is the velocity of light. This difference is
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known as the mass defect and is a measure of the total binding energy
(and, hence, the stability) of the nucleus. This binding energy is released
during the formation of a nucleus from its constituent nucleons and would
have to be supplied to the nucleus to decompose it into its individual
nucleon components.

2. A curve illustrating the average binding energy per nucleon as a
function of the nuclear mass number is shown in Figure 1. The largest
binding energy (highest stability) occurs near mass number 56 — the mass
region of the element iron. Figure 1 indicates that any nucleus heavier
than mass number 56 would become a more stable system by breaking
into lighter nuclei of higher binding energy, the difference in binding
energy being released in the process. (It should be noted that nuclei lighter
than mass number 56 can gain in stability by fusing to produce a heavier
nucleus of greater mass defect — again, with the release of the energy
equivalent of the mass difference. It is the fusion of the lightest nuclei that
provides the energy released by the Sun and constitutes the basis of the
hydrogen, or fusion, bomb. Efforts to harness fusion reaction for power
production have been actively pursued.)
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Figure 1. The average binding energy per nucleon as a function of the mass number,
A(see text). The line connects the odd-A points. Encyclopadia Britannica, Inc.

3. On the basis of energy considerations alone, Figure 1 would
indicate that all matter should seek its most stable configuration,
becoming nuclei of mass number near 56. However, this does not happen,
because barriers to such a spontaneous conversion are provided by other
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factors. A good qualitative understanding of the nucleus is achieved by
treating it as analogous to a uniformly charged liquid drop. The strong
attractive nuclear force between pairs of nucleons is of short range and
acts only between the closest neighbours. Since nucleons near the surface
of the drop have fewer close neighbours than those in the interior, a
surface tension is developed, and the nuclear drop assumes a spherical
shape in order to minimize this surface energy. (The smallest surface area
enclosing a given volume is provided by a sphere.) The protons in the
nucleus exert a long-range repulsive (Coulomb) force on each other
because of their positive charge. As the number of nucleons in a nucleus
increases beyond about 40, the number of protons must be diluted with an
excess of neutrons to maintain relative stability.

4. If the nucleus is excited by some stimulus and begins to oscillate
(i.e., deform from its spherical shape), the surface forces will increase and
tend to restore it to a sphere, where the surface tension is at a minimum.
On the other hand, the Coulomb repulsion decreases as the drop deforms
and the protons are positioned farther apart. These opposing tendencies set
up a barrier in the potential energy of the system, as indicated in Figure 2.
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5 is the ground state of the nucleus;
& is the top of the barrier to fission
(called the saddle point); and Sis the
scigssion point. The nuclear shape at
these points is shown at the top.

@;1 296 Ercyclopasdia-Britannica, Inc:
Figure 2. The potential energy as a function of elongation of a fissioning nucleus.
G is the ground state of the nucleus; B is the top of the barrier to fission (called the saddle

point); and S is the scission point. The nuclear shape at these points is shown at the top.
Encyclopadia Britannica, Inc.

5. The curve in Figure 2 rises initially with elongation, since the
strong, short-range nuclear force that gives rise to the surface tension
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increases. The Coulomb repulsion between protons decreases faster with
elongation than the surface tension increases, and the two are in balance at
point B, which represents the height of the barrier to fission. (This point is
called the “saddle point” because, in a three-dimensional view of the
potential energy surface, the shape of the pass over the barrier resembles a
saddle.) Beyond point B, the Coulomb repulsion between the protons
drives the nucleus into further elongation until at some point, S (the
scission point), the nucleus breaks in two. Qualitatively, at least, the
fission process is thus seen to be a consequence of the Coulomb repulsion
between protons. [...]

Fission Theory

6. Nuclear fission is a complex process that involves the
rearrangement of hundreds of nucleons in a single nucleus to produce two
separate nuclei. A complete theoretical understanding of this reaction
would require a detailed knowledge of the forces involved in the motion
of each of the nucleons through the process. Since such knowledge is still
not available, it is necessary to construct simplified models of the actual
system to simulate its behaviour and gain as accurate a description as
possible of the steps in the process. The successes and failures of the
models in accounting for the various observations of the fission process
can provide new insights into the fundamental physics governing the
behaviour of real nuclei, particularly at the large nuclear deformations
encountered in a nucleus undergoing fission.

7. The framework for understanding nuclear reactions is analogous to
that for chemical reactions and involves the concept of a potential-energy
surface on which the reaction occurs. The driving force for physical or
chemical reactions is the tendency to lower the potential energy and
increase the stability of the system. Thus, for example, a stone at the top
of a hill will roll down the hill, converting its potential energy at the top to
kinetic energy of motion, and will come to rest at the bottom in a more
stable state of lower potential energy. The potential energy is calculated as
a function of various parameters of the system being studied. In the case
of fission, the potential energy may be calculated as a function of the
shape of the system as it proceeds over the barrier to the scission point,
and the path of lowest potential energy may be determined.

8. As has been pointed out, an exact calculation of the nuclear
potential energy is not yet possible, and it is to approximate this
calculation that various models have been constructed to simulate the real
system. Some of the models were developed to address aspects of nuclear



NUCLEAR PHYSICS 111

structure and spectroscopy as well as features of nuclear reactions, and
they also have been employed in attempts to understand the complexity of
nuclear fission. The models are based on different assumptions and
approximations of the nature of the nuclear forces and the dynamics of the
path to scission. No one model can account for all of the extensive
phenomenology of fission, but each addresses different aspects of the
process and provides a foundation for further development toward a
complete theory.

3.  Study the graphs in Text 1 and describe them from memory.

LANGUAGE REVIEW

Focus on word formation

1. Review noun-forming suffixes and form nouns from the verbs
below.
behave, configure, consider, converse, deform, describe, develop,
elongate, equate, fail, form, found, know, observe, produce, react,
repulse, tend, understand

2. Identify what part of speech the words 'equivalent’ (par. 1 and 2),
'lower' (par.7), 'function’' (par. 2), and 'process’ (par. 2 and 6)
represent. Translate the sentences in which they occur.

3. Comment on the stress in the words 'increase' (par.3, 5 and 7),
'decrease’ (par. 5),'separate’ (par.6), and 'approximate’ (par. 8).
Identify what part of speech they represent and then check how they
should be pronounced.

Focus on grammar

1.  Answer the questions.

1) What does the grammatical category of Mood express? Can you
name the English Moods?

2) What are the main uses of the Subjunctive forms of the verb? In
what formal constructions is the Subjunctive typically found?

3) What is the Conditional Mood made from and when is it used?

4) How many types of Conditional sentences do you know?
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5) What distinguishes Type 1 Conditional sentences from Type 2 and
3 ones?

6) How is Type 1 Conditional formed?

7) How are Type 2 and 3 Conditionals formed and what is the
difference between them?

Do the following tasks.

1) Translate the sentences with the Absolute Participial Construction
in paragraphs 1 and 2.

2) Find the sentences with the Emphasis in the text and translate
them.

3) Trace the instances of the Degrees of Comparison of adjectives
and adverbs in the text. Identify Comparative constructions and
translate them.

4) Indicate the Complex Subject in paragraph 5 and translate the
sentence it is used in.

5) Analyse the use of the Oblique Moods in the text.

Focus on paragraph structure and content

Answer the questions.

1) What key terms and phrases provide an effective means of
connecting the sentences in all the paragraphs of Text 1?

2) What does the pronoun 'it' in paragraphs 1, 3, 4, and 7 refer to?

3) What connecting words occur in Text 1? What do they express?

Do the following tasks.

1) Indicate the topic sentence in each paragraph of Text 1.
2) Develop the idea of each topic sentence.
3) Sum up the main points of Text 1.

Focus on vocabulary

Define or explain these terms.

binding energy, mass defect, mass number, mass region, saddle point,
scission point, surface tension

Give English equivalents for the following word combinations.

IpeBpalcHue MacCel B 3HECPIruIo, 00J1aCTh MaCCOBBIX quceli, ycuie-
HHUC CTa6I/IJ'H>HOCTI/I, COCTaBJIATb OCHOBY BOZ[OpO}.'[HOfI 60M6BI,
BLIpa60TKa SHEpruv, CaMOIIpOU3BOJIbHAA KOHBCPCHUA, CHIIBHOC
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AlepHOe  B3auMozeiicTBue,  BOJNM3M  IOBEPXHOCTH  KalllH,
NOBEPXHOCTHOE HATSDKEHHE, TPUOOpeTaTh cdepuueckyto (opmy,
YHCJIO MIPOTOHOB, OBITH Pa30aBICHHBIM Y€M-TO, U30BITOK HEHTPOHOB,
MOJIEPKUBATh OTHOCHUTENBHYIO CTaOWJIBHOCTb, HAaXOAWUTHCS Ha
MHHAMAIILHOM ypOBHE, BBI3bIBATh IIOBEPXHOCTHOE HATSDKEHHE,
CO3[1aBaTh YNPOIIEHHBIE MOJEIH, TOBBICUTh CTAOMIBHOCTh CUCTEMBI,
IPUNATH B paBHOBECHE, HAXOOUTHCS B OoJiee CTAOMIBHOM COCTOSIHUH,
peakuus JeNeHHs Apa, ObITh OCHOBAHHBIM Ha  Pa3IMYHBIX
NPEANIONIOKEHUSAX W TPUOIKEHUSX, TMPHPOJA SACPHBIX B3aWMO-
IENUCTBUM

Give Russian equivalents for the following word combinations.
Make up sentences with some of them.

the structure and stability of nuclear matter, the binding energy of the
nucleus, to be released during the formation of a nucleus, the
formation of a nucleus from its constituent nucleons, to decompose a
nucleus into its individual nucleon components, the average binding
energy per nucleon, to become a more stable system, to break into
lighter nuclei of higher binding energy, to produce a heavier nucleus
of greater mass defect, the fusion of the lightest nuclei, to provide the
energy released by the Sun, efforts to harness fusion reaction, a
uniformly charged liquid drop, to minimize the surface energy, to
exert a long-range repulsive (Coulomb) force, to be excited by some
stimulus, the process of the rearrangement of hundreds of nucleons,
simplified models of the actual system, the tendency to lower the
potential energy, the concept of potential-surface energy, to convert
the potential energy to kinetic energy of motion, an exact calculation
of the nuclear potential energy, to approximate the calculation, to
address aspects of nuclear structure and spectroscopy, the dynamics
of the path of scission, to account for all the extensive
phenomenology of fission, to provide a foundation for further
development

TEXT 2

Check the pronunciation of these words in a dictionary. If
necessary, specify their meaning.

absorption, actinide, asymmetric, closure, cohesive, compound,
disruptive, evaporation, excitation, exhibit, incompressible,
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lanthanide, measurable, qualitative, quantitative, spherical, threshold,
vibration, yield

2.  Write an outline of the text in the form of questions and discuss the
basic principles of the liquid-drop model. Work in pairs.

Nuclear Models and Nuclear Fission

The nucleus exhibits some properties that reflect the collective
motion of all its constituent nucleons as a unit, as well as other properties
that are dependent on the motion and state of the individual nucleons.

The analogy of the nucleus to a drop of an incompressible liquid was
first suggested by George Gamow in 1935 and later adapted to a
description of nuclear reactions (by Niels Bohr [1936]; and Bohr and Fritz
Kalckar [1937]) and to fission (Bohr and John A. Wheeler [1939]; and
Yakov Frenkel [1939]). Bohr proposed the so-called compound nucleus
description of nuclear reactions, in which the excitation energy of the
system formed by the absorption of a neutron or photon, for example, is
distributed among a large number of degrees of freedom of the system.
This excited state persists for a long time relative to the periods of motion
of nucleons across the nucleus and then decays by emission of radiation,
the evaporation of neutrons or other particles, or by fission. The liquid-
drop model of the nucleus accounts quite well for the general collective
behaviour of nuclei and provides an understanding of the fission process
on the basis of the competition between the cohesive nuclear force and the
disruptive Coulomb repulsion between protons. It predicts, however, a
symmetric division of mass in fission, whereas an asymmetric mass
division is observed. Moreover, it does not provide an accurate description
of fission barrier systematics or of the ground-state masses of nuclei. The
liquid-drop model is particularly useful in describing the behaviour of
highly excited nuclei, but it does not provide an accurate description for
nuclei in their ground or low-lying excited states. Many versions of the
liquid-drop model employing improved sets of parameters have been
developed. However, investigators have found that mass asymmetry and
certain other features in fission cannot be adequately described on the
basis of the collective behaviour posited by such models alone.

A preference for the formation of unequal masses (i.e., an asymmetric
division) was observed early in fission research, and it has remained the
most puzzling feature of the process to account for. Investigators have
invoked various models other than that of the liquid drop in an attempt to
address this question. Dealing with the mutual interaction of all the
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nucleons in a nucleus has been simplified by treating it as if it were
equivalent to the interaction of one particle with an average spherical
static potential field that is generated by all the other nucleons. The
methods of quantum mechanics provide the solution for the motion of a
nucleon in such a potential. A characteristic set of energy levels for
neutrons and protons is obtained, and, analogous to the set of levels of the
electrons in an atom, the levels group themselves into shells at certain so-
called magic numbers of nucleons. (For both neutrons and protons, these
numbers are 2, 8, 20, 28, 50, 82, and 126.) Shell closures at these nuclear
numbers are marked by especially strong binding, or extra stability. This
constitutes the essence of the spherical-shell model (sometimes called the
independent-particle, or single-particle, model), as developed by Maria
Goeppert Mayer and J. Hans D. Jensen and their colleagues (1949). It
accounts well for ground-state masses and spins and for the existence of
isomeric nuclear states (excited states having measurable half-lives) that
occur when nuclear levels of widely differing spins lie relatively close to
each other. The agreement with observations is excellent for spherical
nuclei with nucleon numbers near the magic shell numbers. The spherical-
shell model, however, does not agree well with the properties of nuclei
that have other nucleon numbers — e.g., the nuclei of the lanthanide and
actinide elements, with nucleon numbers between the magic numbers.

In the lanthanide and actinide nuclei, the ground state is not spherical
but rather deformed into a prolate spheroidal shape — that of a football or
watermelon. For such nuclei, the allowed states of motion of a nucleon
must be calculated in a potential having a symmetry corresponding to a
spheroid rather than a sphere. This was first done by Aage Bohr', Ben R.
Mottelson, and Sven G. Nilsson in 1955, and the level structure was
calculated as a function of the deformation of the nucleus. A spheroid has
three axes of symmetry, and it can rotate in space as a unit about any one
of them. The rotation can occur independent of the internal state of
excitation of the individual nucleons. Various modes of vibration of the
spheroid also may take place. Since this deformed shell model has
components of both the independent-particle motion and the collective
motion of the nucleus as a whole (i.e., rotations and vibrations), it is
sometimes referred to as the unified model.

In Aage Bohr’s application of the unified model to the fission
process, the sequence of potential-energy surfaces for the excited states of
the system are considered to be functions of a deformation parameter (i.e.,

! Aage Niels Bohr ['0:ga ni:ls 'bo:] — Ore Hunsc Bop.
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elongation) characterizing the motion toward fission and evaluated at the
saddle point. As the system passes over the saddle point, most of its
excitation energy is used up in deforming the nucleus, and the system
remains ‘“cold”; i.e., it manifests little excitation, or heat, energy. Thus,
only the low-lying excited states are available to the system. The spin and
parity of the particular state (or channel) in which the system exists as it
passes over the saddle point are then expected to determine the fission
properties. In this channel (or transition-state) analysis of fission, a
number of characteristics of the process are qualitatively accounted for.
Hence, fission thresholds would depend on the spin and parity of the
compound nuclear state, the fission fragment angular distribution would
be governed by the collective rotational angular momentum of the state,
and asymmetry in the mass distribution would result from passage over
the barrier in a state of negative parity (which does not possess reflection
symmetry). This model gives a good qualitative interpretation of many
fission phenomena, but it must assume that at least some of the properties
of the transition state at the saddle point are not altered by dynamical
considerations in the descent of the system to the scission point. It is the
only model that provides a satisfactory interpretation of the angular
distributions of fission fragments, and it has attractive features that must
be included in any complete theory of fission.

The first application of the spherical-shell model to fission was the
recognition that the positions of the peaks in the fission mass distribution
correlated fairly well with the magic numbers and suggested a qualitative
interpretation of the asymmetric mass division. Thus, a preference for the
formation of nuclei with neutron numbers close to 82 would favour the
formation of nuclides near the peak in the heavy group and would thus
determine the mass split for the fissioning system. Some extra stability for
nuclear configurations of 50 protons would also be expected, but this is
not particularly evident. In fact, the so-called doubly magic nucleus tin-
132, with 50 protons and 82 neutrons, has a rather low yield in low-energy
fission.

A more quantitative application of the spherical-shell model to fission
was undertaken by Peter Fong in the United States in 1956. He related the
probability of formation of a given pair of fragments to the available
density of states for that pair of fragments at the scission point in a
statistical-model approach. A model of this sort predicts that the system,
in its random motions, will experience all possible configurations and so
will have a greater probability of being in the region where the greatest
number of such configurations (or states) is concentrated. The model
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assumes that the potential energy at the saddle point is essentially all
converted to excitation energy and that a statistical equilibrium among all
possible states is established at the scission point. The extra binding
energy for closed-shell nuclei leads to a higher density of states at a given
excitation energy than is present for other nuclei and, hence, leads to a
higher probability of formation. An asymmetric mass distribution in good
agreement with that observed for the neutron-induced fission of uranium-
235 is obtained. Moreover, the changes in the mass distribution with an
increased excitation energy of fission (e.g., an increase in the probability
of symmetric fission relative to asymmetric fission) are accounted for by
the decrease in importance of the shell effects as the excitation energy
increases. Other features of the fission process also are qualitatively
explained; however, extensive changes in the parameters of the model are
required to obtain agreement with experiments for other fissionable
nuclides. Then, too, there are fundamental problems concerning the
validity of some of the basic assumptions of the model.

3. Fill in the gaps with appropriate prepositions from memory.

1) The analogy of the nucleus ... a drop ... an incompressible liquid

was first suggested ... George Gamow in 1935 and later adapted

. a description ... nuclear reactions (by Niels Bohr [1936]; and
Bohr and Fritz Kalckar [1937]) and ... fission (Bohr and John A.
Wheeler [1939]; and Yakov Frenkel [1939]).

2) Bohr proposed the so-called compound nucleus description ...
nuclear reactions, in which the excitation energy ... the system
formed by the absorption ... a neutron or photon, for example, is
distributed among a large number ... degrees ... freedom ... the
system.

3) This excited state persists for a long time relative ... the periods

. motion ... nucleons across the nucleus and then decays by
emission ... radiation, the evaporation ... neutrons or other
particles, or by fission.

4) The liquid-drop model ... the nucleus accounts quite well ... the
general collective behaviour ... nuclei and provides an
understanding ... the fission process ... the basis ... the
competition between the cohesive nuclear force and the disruptive
Coulomb repulsion between protons.

5) A preference ... the formation ... unequal masses (i.e., an
asymmetric division) was observed early in fission research, and it
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has remained the most puzzling feature ... the process to account

6) The methods ... quantum mechanics provide the solution ... the
motion ... a nucleon in such a potential.

7) The agreement ... observations is excellent ... spherical nuclei
with nucleon numbers near the magic shell numbers.

8) A more quantitative application ... the spherical-shell model ...
fission was undertaken ... Peter Fong in the United States in 1956.

9) He related the probability ... formation of a given pair ...
fragments ... the available density of states for that pair of
fragments ... the scission point in a statistical-model approach.

10) The model assumes that the potential energy ... the saddle point is
essentially all converted ... excitation energy and that a statistical
equilibrium among all possible states is established ... the scission
point.

11) The extra binding energy for closed-shell nuclei leads ... a higher
density ... states ... a given excitation energy than is present for
other nuclei and, hence, leads ... a higher probability
formation.

Translate the following sentences into Russian. If necessary, refer
to the text to clarify the context.

1) The liquid-drop model is particularly useful in describing the
behaviour of highly excited nuclei, but it does not provide an
accurate description for nuclei in their ground or low-lying excited
states.

2) Many versions of the liquid-drop model employing improved sets
of parameters have been developed.

3) However, investigators have found that mass asymmetry and
certain other features in fission cannot be adequately described on
the basis of the collective behaviour posited by such models alone.

4) Investigators have invoked various models other than that of the
liquid drop in an attempt to address this question.

5) Dealing with the mutual interaction of all the nucleons in a
nucleus has been simplified by treating it as if it were equivalent
to the interaction of one particle with an average spherical static
potential field that is generated by all the other nucleons.

6) A characteristic set of energy levels for neutrons and protons is
obtained, and, analogous to the set of levels of the electrons in an
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7)

8)

9)

10)

11)

12)

13)

14)

atom, the levels group themselves into shells at certain so-called
magic numbers of nucleons.

In the lanthanide and actinide nuclei, the ground state is not
spherical but rather deformed into a prolate spheroidal shape — that
of a football or watermelon.

For such nuclei, the allowed states of motion of a nucleon must be
calculated in a potential having a symmetry corresponding to a
spheroid rather than a sphere.

In Aage Bohr’s application of the unified model to the fission
process, the sequence of potential-energy surfaces for the excited
states of the system are considered to be functions of a
deformation parameter (i.e., elongation) characterizing the motion
toward fission and evaluated at the saddle point.

The spin and parity of the particular state (or channel) in which the
system exists as it passes over the saddle point are then expected
to determine the fission properties. In this channel (or transition-
state) analysis of fission, a number of characteristics of the process
are qualitatively accounted for.

Hence, fission thresholds would depend on the spin and parity of
the compound nuclear state, the fission fragment angular
distribution would be governed by the collective rotational angular
momentum of the state, and asymmetry in the mass distribution
would result from passage over the barrier in a state of negative
parity (which does not possess reflection symmetry).

Thus, a preference for the formation of nuclei with neutron
numbers close to 82 would favour the formation of nuclides near
the peak in the heavy group and would thus determine the mass
split for the fissioning system.

Some extra stability for nuclear configurations of 50 protons
would also be expected, but this is not particularly evident. In fact,
the so-called doubly magic nucleus tin-132, with 50 protons and
82 neutrons, has a rather low yield in low-energy fission.

An asymmetric mass distribution in good agreement with that
observed for the neutron-induced fission of uranium-235 is
obtained.

5. Read the text again and summarise it in written form in
12-15 sentences. Make proper use of connecting words and phrases.
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TEXT 3
1. Write an outline of the text in the form of questions.
History of Fission Research and Technology

The term fission was first used by the German physicists Lise Meitner
and Otto Frisch in 1939 to describe the disintegration of a heavy nucleus
into two lighter nuclei of approximately equal size. The conclusion that
such an unusual nuclear reaction can in fact occur was the culmination of
a truly dramatic episode in the history of science, and it set in motion an
extremely intense and productive period of investigation.

The story of the discovery of nuclear fission actually began with the
discovery of the neutron in 1932 by James Chadwick in England. Shortly
thereafter Enrico Fermi and his associates in Italy undertook an extensive
investigation of the nuclear reactions produced by the bombardment of
various elements with this uncharged particle. In particular, these workers
observed (1934) that at least four different radioactive species resulted
from the bombardment of uranium with slow neutrons. These newly
discovered species emitted beta particles and were thought to be isotopes
of unstable “transuranium elements” of atomic numbers 93, 94, and
perhaps higher. There was, of course, intense interest in examining the
properties of these elements, and many radiochemists participated in the
studies. The results of these investigations, however, were extremely
perplexing, and confusion persisted until 1939 when Otto Hahn and Fritz
Strassmann in Germany, following a clue provided by Iréne Joliot-Curie
and Pavle Savi¢ in France (1938), proved definitely that the so-called
transuranic elements were in fact radioisotopes of barium, lanthanum, and
other elements in the middle of the periodic table.

That lighter elements could be formed by bombarding heavy nuclei
with neutrons had been suggested earlier (notably by the German chemist
Ida Noddack in 1934), but the idea was not given serious consideration
because it entailed such a broad departure from the accepted views of
nuclear physics and was unsupported by clear chemical evidence. Armed
with the unequivocal results of Hahn and Strassmann, however, Meitner
and Frisch invoked the recently formulated liquid-drop model of the
nucleus to give a qualitative theoretical interpretation of the fission
process and called attention to the large energy release that should
accompany it. There was almost immediate confirmation of this reaction
in dozens of laboratories throughout the world, and within a year more
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than 100 papers describing most of the important features of the process
were published. These experiments confirmed the formation of extremely
energetic heavy particles and extended the chemical identification of the
products.

The chemical evidence that was so vital in leading Hahn and
Strassmann to the discovery of nuclear fission was obtained by the
application of carrier and tracer techniques. Since invisible amounts of the
radioactive species were formed, their chemical identity had to be
deduced from the manner in which they followed known carrier elements,
present in macroscopic quantity, through various chemical operations.
Known radioactive species were also added as tracers and their behaviour
was compared with that of the unknown species to aid in the identification
of the latter. Over the years, these radiochemical techniques have been
used to isolate and identify some 34 elements from zinc (atomic number
30) to gadolinium (atomic number 64) that are formed as fission products.
The wide range of radioactivities produced in fission makes this reaction a
rich source of tracers for chemical, biologic, and industrial use.

Although the early experiments involved the fission of ordinary
uranium with slow neutrons, it was rapidly established that the rare
isotope uranium-235 was responsible for this phenomenon. The more
abundant isotope uranium-238 could be made to undergo fission only by
fast neutrons with energy exceeding 1 MeV. The nuclei of other heavy
elements, such as thorium and protactinium, also were shown to be
fissionable with fast neutrons; and other particles, such as fast protons,
deuterons, and alphas, along with gamma rays, proved to be effective in
inducing the reaction.

In 1939, Frédéric Joliot-Curie, Hans von Halban, and Lew Kowarski
found that several neutrons were emitted in the fission of uranium-235,
and this discovery led to the possibility of a self-sustaining chain reaction.
Fermi and his coworkers recognized the enormous potential of such a
reaction if it could be controlled. On Dec. 2, 1942, they succeeded in
doing so, operating the world’s first nuclear reactor. Known as a “pile,”
this device consisted of an array of uranium and graphite blocks and was
built on the campus of the University of Chicago.

The secret Manhattan Project, established not long after the United
States entered World War II, developed the atomic bomb. Once the war
had ended, efforts were made to develop new reactor types for large-scale
power generation, giving birth to the nuclear power industry.

2. Discuss the history of nuclear fission research in pairs.
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FUSION
TEXT 1

1. Check the pronunciation of these words in a dictionary. If

necessary, specify their meaning.

cause, consequence, crucial, determine, deuterium, exoergic, feature,
fundamental, fusion, isotope, key, thermonuclear, tritium

Define or explain these terms.

cross section, exoergic, fusion, incident particle, isotope,
nucleosynthesis, target particle, thermonuclear reaction

Read the text and answer the questions below.

1) Which reaction within stars leads to the formation of helium?

2) Which elements react more efficiently, hydrogen or its isotopes?
Why?

3) What are the two basic types of fusion reaction?

4) What reaction initiates star burning?

5) Why does the practical fusion energy generation require the D-T
reaction?

6) What may happen if a particle of one type passes through a
collection of particles of the same or different type?

7) What does the magnitude of cross section depend on?

8) What is called the mean free path?

9) How is cross section measured?

10) What role does the Coulomb barrier play in the process of fusion

or fission?

The Fusion Reaction

Nuclear fusion is a process by which nuclear reactions between light

elements form heavier elements (up to irom). In cases where the
interacting nuclei belong to elements with low atomic numbers (e.g.,
hydrogen [atomic number 1] or its isotopes deuterium and tritium),
substantial amounts of energy are released. The vast energy potential of
nuclear fusion was first exploited in thermonuclear weapons, or hydrogen
bombs, which were developed in the decade immediately following World
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War II. [...]Meanwhile, the potential peaceful applications of nuclear
fusion, especially in view of the essentially limitless supply of fusion fuel
on Earth, have encouraged an immense effort to harness this process for
the production of power. [...]

1. Fusion reactions constitute the fundamental energy source of stars,
including the Sun. The evolution of stars can be viewed as a passage
through various stages as thermonuclear reactions and nucleosynthesis
cause compositional changes over long time spans. Hydrogen (H)
“burning” initiates the fusion energy source of stars and leads to the
formation of helium (He). Generation of fusion energy for practical use
also relies on fusion reactions between the lightest elements that burn to
form helium. In fact, the heavy isotopes of hydrogen — deuterium (D) and
tritium (T) — react more efficiently with each other, and, when they do
undergo fusion, they yield more energy per reaction than do two hydrogen
nuclei. (The hydrogen nucleus consists of a single proton. The deuterium
nucleus has one proton and one neutron, while tritium has one proton and
two neutrons.)

2. Fusion reactions between light elements, like fission reactions that
split heavy elements, release energy because of a key feature of nuclear
matter called the binding energy, which can be released through fusion or
fission. The binding energy of the nucleus is a measure of the efficiency
with which its constituent nucleons are bound together. Take, for
example, an element with Z protons and N neutrons in its nucleus. The
element’s atomic weight 4 is Z + N, and its atomic number is Z. The
binding energy B is the energy associated with the mass difference
between the Z protons and N neutrons considered separately and the
nucleons bound together (Z + N) in a nucleus of mass M. The formula is
B=(Zmp + Nmn — M)c*, where mp and mn are the proton and neutron
masses and c is the speed of light. It has been determined experimentally
that the binding energy per nucleon is a maximum of about 1.4x107"
joule at an atomic mass number of approximately 60 — that is,
approximately the atomic mass number of iron. Accordingly, the fusion of
elements lighter than iron or the splitting of heavier ones generally leads
to a net release of energy.

Two types of fusion reactions

3. Fusion reactions are of two basic types: (1) those that preserve the
number of protons and neutrons and (2) those that involve a conversion
between protons and neutrons. Reactions of the first type are most
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important for practical fusion energy production, whereas those of the
second type are crucial to the initiation of star burning. An arbitrary
element is indicated by the notation 4ZX, where Z is the charge of the
nucleus and A4 is the atomic weight. An important fusion reaction for
practical energy generation is that between deuterium and tritium (the D-T
fusion reaction). It produces helium (He) and a neutron () and is written

D+T- He+n.
4. To the left of the arrow (before the reaction) there are two protons
and three neutrons. The same is true on the right.

5. The other reaction, that which initiates star burning, involves the
fusion of two hydrogen nuclei to form deuterium (the H-H fusion

reaction): H+ H — D + B" + v, where B’ represents a positron and Vv stands

for a neutrino. Before the reaction there are two hydrogen nuclei (that is,
two protons). Afterward there are one proton and one neutron (bound
together as the nucleus of deuterium) plus a positron and a neutrino
(produced as a consequence of the conversion of one proton to a neutron).

6. Both of these fusion reactions are exoergic and so yield energy.
The German-born physicist Hans Bethe proposed in the 1930s that the
H-H fusion reaction could occur with a net release of energy and provide,
along with subsequent reactions, the fundamental energy source
sustaining the stars. However, practical energy generation requires the
D-T reaction for two reasons: first, the rate of reactions between
deuterium and tritium is much higher than that between protons; second,
the net energy release from the D-T reaction is 40 times greater than that
from the H-H reaction. [...]

Rate and yield of fusion reactions

7. The energy yield of a reaction between nuclei and the rate of such
reactions are both important. These quantities have a profound influence
in scientific areas such as nuclear astrophysics and the potential for
nuclear production of electrical energy.

8. When a particle of one type passes through a collection of particles
of the same or different type, there is a measurable chance that the
particles will interact. The particles may interact in many ways, such as
simply scattering, which means that they change direction and exchange
energy, or they may undergo a nuclear fusion reaction. The measure of the
likelihood that particles will interact is called the cross section, and the
magnitude of the cross section depends on the type of interaction and the
state and energy of the particles. The product of the cross section and the
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atomic density of the target particle is called the macroscopic cross
section. The inverse of the macroscopic cross section is particularly
noteworthy as it gives the mean distance an incident particle will travel
before interacting with a target particle; this inverse measure is called the
mean free path. Cross sections are measured by producing a beam of one
particle at a given energy, allowing the beam to interact with a (usually
thin) target made of the same or a different material, and measuring
deflections or reaction products. In this way it is possible to determine the
relative likelihood of one type of fusion reaction versus another, as well as
the optimal conditions for a particular reaction.

9. The cross sections of fusion reactions can be measured
experimentally or calculated theoretically, and they have been determined
for many reactions over a wide range of particle energies. They are well
known for practical fusion energy applications and are reasonably well
known, though with gaps, for stellar evolution. Fusion reactions between
nuclei, each with a positive charge of one or more, are the most important
for both practical applications and the nucleosynthesis of the light
elements in the burning stages of stars. Yet, it is well known that two
positively charged nuclei repel each other electrostatically — i.e., they
experience a repulsive force inversely proportional to the square of the
distance separating them. This repulsion is called the Coulomb barrier. It
is highly unlikely that two positive nuclei will approach each other closely
enough to undergo a fusion reaction unless they have sufficient energy to
overcome the Coulomb barrier. As a result, the cross section for fusion
reactions between charged particles is very small unless the energy of the
particles is high, at least 10* electron volts (1 eV = 1.602 x 10" "’joule) and
often more than 10° or 10°eV. This explains why the centre of a star must
be hot for the fuel to burn and why fuel for practical fusion energy
systems must be heated to at least 50,000,000 kelvins (K; 90,000,000 °F).
Only then will a reasonable fusion reaction rate and power output be
achieved.

10. The phenomenon of the Coulomb barrier also explains a
fundamental difference between energy generation by nuclear fusion and
nuclear fission. While fission of heavy elements can be induced by either
protons or neutrons, generation of fission energy for practical applications
is dependent on neutrons to induce fission reactions in uranium or
plutonium. Having no electric charge, the neutron is free to enter the
nucleus even if its energy corresponds to room temperature. Fusion
energy, relying as it does on the fusion reaction between light nuclei,
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occurs only when the particles are sufficiently energetic to overcome the
Coulomb repulsive force. This requires the production and heating of the
gaseous reactants to the high temperature state known as the plasma state.

4. Do the following grammar tasks.

1) Explain the difference in use between 'as' in paragraphs 1 and 8.

2) Indicate the sentence with the Inversion in paragraph 9.

3) Identify the function of constructions with Participle 1 in
paragraph 10 and translate the sentences in which they occur.

5. Discuss the principles of fusion and the fundamental difference
between fusion and fission using the following word combinations.

to form heavier elements, elements with low atomic numbers, the vast
energy potential of nuclear fusion, the potential peaceful application
of nuclear fusion, to constitute the fundamental energy source of
stars, to cause compositional changes, fusion reactions between the
lightest elements, to split heavy elements, a key feature of nuclear
matter, a net release of energy, a conversion between protons and
neutrons, practical fusion energy production, to be crucial to initiation
of star burning, the fusion of two hydrogen nuclei, the h-H fusion
reaction, a consequence of the conversion, the conversion of one
proton to a neutron, the potential for nuclear production of electrical
energy, to interact in many ways, to undergo a nuclear fusion
reaction, the atomic density of the target particle, the optimal
conditions for a particular reaction, to induce fission reaction, to be
sufficiently energetic to overcome the Coulomb repulsive force

TEXT 2

1.  Read the text and answer the following questions.

1) Why is it so important for physicists to understand how gases
behave in the plasma state?

2) Why is the plasma state considered to be so dangerous to deal
with?

3) Which fusion reactions are the most important for controlled
power generation and why?

4) What methods are used in an attempt to harness fusion energy?
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The plasma state

Typically, a plasma is a gas that has had some substantial portion of
its constituent atoms or molecules ionized by the dissociation of one or
more of their electrons. These free electrons enable plasmas to conduct
electric charges, and a plasma is the only state of matter in which
thermonuclear reactions can occur in a self-sustaining manner.
Astrophysics and magnetic fusion research, among other fields, require
extensive knowledge of how gases behave in the plasma state. The stars,
the solar wind, and much of interstellar space are examples where the
matter present is in the plasma state. Very high-temperature plasmas are
fully ionized gases, which means that the ratio of neutral gas atoms to
charged particles is small. For example, the ionization energy of hydrogen
is 13.6 eV, while the average energy of a hydrogen ion in a plasma at
50,000,000 K is 6,462 eV. Thus, essentially all of the hydrogen in this
plasma would be ionized.

A reaction-rate parameter more appropriate to the plasma state is
obtained by accounting for the fact that the particles in a plasma, as in any
gas, have a distribution of energies. That is to say, not all particles have
the same energy. In simple plasmas this energy distribution is given by the
Maxwell-Boltzmann distribution law, and the temperature of the gas or
plasma is, within a proportionality constant, two-thirds of the average
particle energy; i.e., the relationship between the average energy £ and
temperature 7 is E = 3kT/2, where k is the Boltzmann constant,
8.62 x 107 eV per kelvin. The intensity of nuclear fusion reactions in a
plasma is derived by averaging the product of the particles’ speed and
their cross sections over a distribution of speeds corresponding to a
Maxwell-Boltzmann distribution. The cross section for the reaction
depends on the energy or speed of the particles. The averaging process
yields a function for a given reaction that depends only on the temperature
and can be denoted f (7). The rate of energy released (i.e., the power
released) in a reaction between two species, a and b, is Pup = natpfar(T) Uas,
where n, and n, are the density of species ¢ and b in the plasma,
respectively, and U, is the energy released each time ¢ and b undergo a
fusion reaction. The parameter P, properly takes into account both the
rate of a given reaction and the energy yield per reaction. [...]

Fusion reactions for controlled power generation
Reactions between deuterium and trititum are the most important
fusion reactions for controlled power generation because the cross
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sections for their occurrence are high, the practical plasma temperatures
required for net energy release are moderate, and the energy yield of the
reactions is high — 17.58 MeV for the basic D-T fusion reaction.

It should be noted that any plasma containing deuterium
automatically produces some tritium and helium-3 from reactions of
deuterium with other deuterium ions. Other fusion reactions involving
elements with an atomic number above 2 can be used, but only with much
greater difficulty. This is because the Coulomb barrier increases with
increasing charge of the nuclei, leading to the requirement that the plasma
temperature exceed 1,000,000,000 K if a significant rate is to be
achieved.[...]

Methods of achieving fusion energy

Practical efforts to harness fusion energy involve two basic
approaches to containing a high-temperature plasma of elements that
undergo nuclear fusion reactions: magnetic confinement and inertial
confinement. A much less likely but nevertheless interesting approach is
based on fusion catalyzed by muons; research on this topic is of intrinsic
interest in nuclear physics. [...]

Magnetic confinement

In magnetic confinement the particles and energy of a hot plasma are
held in place using magnetic fields. A charged particle in a magnetic field
experiences a Lorentz force that is proportional to the product of the
particle’s velocity and the magnetic field. This force causes electrons and
ions to spiral about the direction of the magnetic line of force, thereby
confining the particles. When the topology of the magnetic field yields an
effective magnetic well and the pressure balance between the plasma and
the field is stable, the plasma can be confined away from material
boundaries. Heat and particles are transported both along and across the
field, but energy losses can be prevented in two ways. The first is to
increase the strength of the magnetic field at two locations along the field
line. Charged particles contained between these points can be made to
reflect back and forth, an effect called magnetic mirroring. In a basically
straight system with a region of intensified magnetic field at each end,
particles can still escape through the ends due to scattering between
particles as they approach the mirroring points. Such end losses can be
avoided altogether by creating a magnetic field in the topology of a torus
(i.e., configuration of a doughnut or inner tube).
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External magnets can be arranged to create a magnetic field topology
for stable plasma confinement, or they can be used in conjunction with
magnetic fields generated by currents induced to flow in the plasma itself.
The late 1960s witnessed a major advance by the Soviet Union in
harnessing fusion reactions for practical energy production. Soviet
scientists achieved a high plasma temperature (about 3,000,000 K), along
with other physical parameters, in a machine referred to as a tokamak. A
tokamak is a toroidal magnetic confinement system in which the plasma is
kept stable both by an externally generated, doughnut-shaped magnetic
field and by electric currents flowing within the plasma. Since the late
1960s the tokamak has been the major focus of magnetic fusion research
worldwide, though other approaches such as the stellarator, the compact
torus, and the reversed field pinch (RFP) have also been pursued. In these
approaches, the magnetic field lines follow a helical, or screwlike, path as
the lines of magnetic force proceed around the torus. In the tokamak the
pitch of the helix is weak, so the field lines wind loosely around the
poloidal direction (through the central hole) of the torus. In contrast, RFP
field lines wind much tighter, wrapping many times in the poloidal
direction before completing one loop in the toroidal direction (around the
central hole).

Magnetically confined plasma must be heated to temperatures at
which nuclear fusion is vigorous, typically greater than 75,000,000 K
(equivalent to an energy of 4,400 eV). This can be achieved by coupling
radio-frequency waves or microwaves to the plasma particles, by injecting
energetic beams of neutral atoms that become ionized and heat the
plasma, by magnetically compressing the plasma, or by the ohmic heating
(also known as Joule heating) that occurs when an electric current passes
through the plasma.

Employing the tokamak concept, scientists and engineers in the
United States, Europe, and Japan began in the mid-1980s to use large
experimental tokamak devices to attain conditions of temperature, density,
and energy confinement that now match those necessary for practical
fusion power generation. The machines employed to achieve these results
include the Joint European Torus (JET) of the European Union, the
Japanese Tokamak-60 (JT-60), and, until 1997, the Tokamak Fusion Test
Reactor (TFTR) in the United States. Indeed, in both the TFTR and the
JET devices, experiments using deuterium and tritium produced more than
10 megawatts of fusion power and essentially energy breakeven
conditions in the plasma itself. Plasma conditions approaching those
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achieved in tokamaks were also achieved in large stellarator machines in
Germany and Japan during the 1990s.

Inertial confinement fusion (ICF)

In this approach, a fuel mass is compressed rapidly to densities 1,000
to 10,000 times greater than normal by generating a pressure as high as
10" pascals (10'* atmospheres) for periods as short as a nanosecond (10~
second). Near the end of this time period, the implosion speed exceeds
about 3 x 10° metres per second. At maximum compression of the fuel,
which is now in a cool plasma state, the energy in converging shock
waves is sufficient to heat the very centre of the fuel to temperatures high
enough to induce fusion reactions (greater than an equivalent energy of
about 4,400 eV). If the mass of this highly compressed fuel material is
large enough, energy will be generated through fusion reactions before
this hot plasma ball disassembles. Under proper conditions, much more
energy can be released than is required to compress and shock heat the
fuel to thermonuclear burning conditions.

The physical processes in ICF bear a relationship to those in
thermonuclear weapons and in star formation — namely, collapse,
compression heating, and the onset of nuclear fusion. The situation in star
formation differs in one respect: gravity is the cause of the collapse, and a
collapsed star begins to expand again due to heat from exoergic nuclear
fusion reactions. The expansion is ultimately arrested by the gravitational
force associated with the enormous mass of the star, at which point a state
of equilibrium in both size and temperature is achieved. In contrast, the
fuel in a thermonuclear weapon or ICF completely disassembles. In the
ideal ICF case, however, this does not occur until about 30 percent of the
fusion fuel has burned.

Over the decades, very significant progress has been made in
developing the technology and systems for high-energy, short-time-pulse
drivers that are necessary to implode the fusion fuel. The most common
driver is a high-power laser, though particle accelerators capable of
producing beams of high-energy ions are also used. Lasers that produce
more than 100,000 joules in pulses of about one nanosecond are now used
in experiments, and the power available in short bursts exceeds 10'* watts.

Two lasers capable of delivering up to 5,000,000 joules in equally
short bursts, generating a power level on the fusion targets in excess of
5x 10" watts, are operational. One facility is the Laser Megaloule in
Bordeaux, France. The other is the National Ignition Facility at the
Lawrence Livermore National Laboratory in Livermore, Calif., U.S.
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Muon-catalyzed fusion

The need in traditional schemes of nuclear fusion to confine very
high-temperature plasmas has led some researchers to explore alternatives
that would permit fusion reactants to approach each other more closely at
much lower temperatures. One method involves substituting muons (u)
for the electrons that ordinarily surround the nucleus of a fuel atom.
Muons are negatively charged subatomic particles similar to electrons,
except that their mass is a little more than 200 times the electron mass and
they are unstable, having a half-life of about 2.2 x 107® second. In fact,
fusion has been observed in liquid and gas mixtures of deuterium and
tritium at cryogenic temperatures when muons were injected into the
mixture.

Muon-catalyzed fusion is the name given to the process of achieving
fusion reactions by causing a deuteron (deuterium nucleus, D"), a triton
(tritium nucleus, T"), and a muon to form what is called a muonic
molecule. Once a muonic molecule is formed, the rate of fusion reactions
is approximately 3 x 10® second. However, the formation of a muonic
molecule is complex, involving a series of atomic, molecular, and nuclear
processes.

In schematic terms, when a muon enters a mixture of deuterium and
tritium, the muon is first captured by one of the two hydrogen isotopes in
the mixture, forming either atomic D*-p or T'-p, with the atom now in an
excited state. The excited atom relaxes to the ground state through a
cascade collision process, in which the muon may be transferred from a
deuteron to a triton or vice versa. More important, it is also possible that a
muonic molecule (D™-pu-T") will be formed. Although a much rarer
reaction, once a muonic molecule does form, fusion takes place almost
immediately, releasing the muon in the mixture to be captured again by a
deuterium or tritium nucleus and allowing the process to continue. In this
sense the muon acts as a catalyst for fusion reactions within the mixture.
The key to practical energy production is to generate enough fusion
reactions before the muon decays.

The complexities of muon-catalyzed fusion are many and include
generating the muons (at an energy expenditure of about five billion
electron volts per muon) and immediately injecting them into the
deuterium-tritium mixture. In order to produce more energy than what is
required to initiate the process, about 300 D-T fusion reactions must take
place within the half-life of a muon.
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UNIT 5

Translate the following sentences into Russian. If necessary, refer
to the text to clarify the context.

1) These free electrons enable plasmas to conduct electric charges,
and a plasma is the only state of matter in which thermonuclear
reactions can occur in a self-sustaining manner.

2) Thus, essentially all of the hydrogen in this plasma would be
ionized.

3) A reaction-rate parameter more appropriate to the plasma state is
obtained by accounting for the fact that the particles in a plasma,
as in any gas, have a distribution of energies.

4) The intensity of nuclear fusion reactions in a plasma is derived by
averaging the product of the particles’ speed and their cross
sections over a distribution of speeds corresponding to a Maxwell-
Boltzmann distribution.

5) Reactions between deuterium and tritium are the most important
fusion reactions for controlled power generation because the cross
sections for their occurrence are high, the practical plasma
temperatures required for net energy release are moderate, and the
energy yield of the reactions are high — 17.58 MeV for the basic
D-T fusion reaction.

6) It should be noted that any plasma containing deuterium
automatically produces some tritium and helium-3 from reactions
of deuterium with other deuterium ions.

7) Other fusion reactions involving elements with an atomic number
above 2 can be used, but only with much greater difficulty.

8) Practical efforts to harness fusion energy involve two basic
approaches to containing a high-temperature plasma of elements
that undergo nuclear fusion reactions: magnetic confinement and
inertial confinement.

9) This force causes electrons and ions to spiral about the direction of
the magnetic line of force, thereby confining the particles. When
the topology of the magnetic field yields an effective magnetic
well and the pressure balance between the plasma and the field is
stable, the plasma can be confined away from material boundaries.

10) Charged particles contained between these points can be made to
reflect back and forth, an effect called magnetic mirroring.

11) External magnets can be arranged to create a magnetic field
topology for stable plasma confinement, or they can be used in
conjunction with magnetic fields generated by currents induced to
flow in the plasma itself.
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12) Magnetically confined plasma must be heated to temperatures at
which nuclear fusion is vigorous, typically greater than
75,000,000 K (equivalent to an energy of 4,400 eV).

13) This can be achieved by coupling radio-frequency waves or
microwaves to the plasma particles, by injecting energetic beams
of neutral atoms that become ionized and heat the plasma, by
magnetically compressing the plasma, or by the ohmic heating
(also known as Joule heating) that occurs when an electric current
passes through the plasma.

14) Employing the tokamak concept, scientists and engineers in the
United States, Europe, and Japan began in the mid-1980s to use
large experimental tokamak devices to attain conditions of
temperature, density, and energy confinement that now match
those necessary for practical fusion power generation.

15) Plasma conditions approaching those achieved in tokamaks were
also achieved in large stellarator machines in Germany and Japan
during the 1990s.

3. Fill in the gaps with appropriate prepositions from memory.

1) Typically, a plasma is a gas that has had some substantial portion
. its constituent atoms or molecules ionized by the dissociation
... one or more ... their electrons.

2) The cross section for the reaction depends ... the energy or speed
... the particles.

3) A much less likely but nevertheless interesting approach is based
... fusion catalyzed by muons; research ... this topic is ... intrinsic
interest in nuclear physics.

4) In a basically straight system with a region ... intensified magnetic
field ... each end, particles can still escape through the ends due

. scattering between particles as they approach the mirroring
points.

5) A tokamak is a toroidal magnetic confinement system in which the
plasma is kept stable both ... an externally generated, doughnut-
shaped magnetic field and ... electric currents flowing within the
plasma.

6) In the tokamak the pitch ... the helix is weak, so the field lines
wind loosely ... the poloidal direction (through the central hole)
... the torus.
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7) ... contrast, RFP field lines wind much tighter, wrapping many
times ... the poloidal direction before completing one loop ... the
toroidal direction (around the central hole).

8) Magnetically confined plasma must be heated ... temperatures ...
which nuclear fusion is vigorous, typically greater than
75,000,000 K (equivalent ... an energy of 4,400 eV).

4. Compare advantages and disadvantages of each method of
achieving fusion energy. Work in pairs.

TEXT 3

1. Write an outline of the text in the form of questions.

History of Fusion Energy Research

The fusion process has been studied in order to understand nuclear
matter and forces, to learn more about the nuclear physics of stellar
objects, and to develop thermonuclear weapons. During the late 1940s and
early ’50s, research programs in the United States, United Kingdom, and
the Soviet Union began to yield a better understanding of nuclear fusion,
and investigators embarked on ways of exploiting the process for practical
energy production. Fusion reactor research focused primarily on using
magnetic fields and electromagnetic forces to contain the extremely hot
plasmas needed for thermonuclear fusion.

Researchers soon found, however, that it is exceedingly difficult to
contain plasmas at fusion reaction temperatures because the hot gases tend
to expand and escape from the enclosing magnetic structure. Plasma
physics theory in the 1950s was incapable of describing the behaviour of
the plasmas in many of the early magnetic confinement systems.

The undeniable potential benefits of practical fusion energy led to an
increasing call for international cooperation. American, British, and
Soviet fusion programs were strictly classified until 1958, when most of
their research programs were made public at the Second Geneva
Conference on the Peaceful Uses of Atomic Energy, sponsored by the
United Nations. Since that time, fusion research has been characterized by
international collaboration. In addition, scientists have also continued to
study and measure fusion reactions between the lighter elements so as to
arrive at a more accurate determination of reaction rates. The formulas
developed by nuclear physicists for predicting the rate of fusion energy
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generation have been adopted by astrophysicists to derive new
information about the structure and evolution of stars.

Work on the other major approach to fusion energy, inertial
confinement fusion (ICF), was begun in the early 1960s. The initial idea
was proposed in 1961, only a year after the reported invention of the laser,
in a then-classified proposal to employ large pulses of laser energy (which
no one then quite knew how to achieve) to implode and shock-heat matter
to temperatures at which nuclear fusion would proceed vigorously.
Aspects of inertial confinement fusion were declassified in the 1970s and,
especially, in the early 1990s to reveal important aspects of the design of
the targets containing fusion fuels. Very painstaking and sophisticated
work to design and develop short-pulse, high-power lasers and suitable
millimetre-sized targets continues, and significant progress has been
made.

Although practical fusion reactors have not been built yet, the
necessary conditions of plasma temperature and heat insulation have been
largely achieved, suggesting that fusion energy for electric-power
production is now a serious possibility. Commercial fusion reactors
promise an inexhaustible source of electricity for countries worldwide.
From a practical viewpoint, however, the initiation of nuclear fusion in a
hot plasma is but the first step in a whole sequence of steps required to
convert fusion energy to electricity. In the end, successful fusion power
systems must be capable of producing electricity safely and in a cost-
effective manner, with a minimum of radioactive waste and environmental
impact. The quest for practical fusion energy remains one of the great
scientific and engineering challenges of humankind.

2. Discuss the history of nuclear fusion research in pairs.

CHECK YOURSELF

1. Translate the text at sight.

Nuclear fission is a subdivision of a heavy atomic nucleus, such as
that of uranium or plutonium, into two fragments of roughly equal mass.
The process is accompanied by the release of a large amount of energy.

In nuclear fission the nucleus of an atom breaks up into two lighter
nuclei. The process may take place spontaneously in some cases or may
be induced by the excitation of the nucleus with a variety of particles (e.g.,
neutrons, protons, deuterons, or alpha particles) or with electromagnetic
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radiation in the form of gamma rays. In the fission process, a large
quantity of energy is released, radioactive products are formed, and
several neutrons are emitted. These neutrons can induce fission in a
nearby nucleus of fissionable material and release more neutrons that can
repeat the sequence, causing a chain reaction in which a large number of
nuclei undergo fission and an enormous amount of energy is released. If
controlled in a nuclear reactor, such a chain reaction can provide power
for society’s benefit. If uncontrolled, as in the case of the so-called atomic
bomb, it can lead to an explosion of awesome destructive force.

The discovery of nuclear fission has opened a new era — the “Atomic
Age.” The potential of nuclear fission for good or evil and the risk/benefit
ratio of its applications have not only provided the basis of many
sociological, political, economic, and scientific advances but grave
concerns as well. Even from a purely scientific perspective, the process of
nuclear fission has given rise to many puzzles and complexities, and a
complete theoretical explanation is still not at hand.

2. Translate the text in writing. Time limit: 30 min.

Cold fusion and bubble fusion

Two disputed fusion experiments merit mention. In 1989 two
chemists, Martin Fleischmann of the University of Utah and Stanley Pons
of the University of Southampton in England, announced that they had
produced fusion reactions at essentially room temperature. Their system
consisted of electrolytic cells containing heavy water (deuterium oxide,
D;0) and palladium rods that absorbed the deuterium from the heavy
water. Efforts to give a theoretical explanation of the results failed, as did
worldwide efforts to reproduce the claimed cold fusion.

In 2002 Rusi Taleyarkhan and colleagues at Purdue University in
Lafayette, Ind., claimed to have observed a statistically significant
increase in nuclear emissions of products of fusion reactions (neutrons and
trititum) during acoustic cavitation experiments with chilled deuterated
(bombarded with deuterium) acetone. Their experimental setup was based
on the known phenomenon of sonoluminescence. In sonoluminescence a
gas bubble is imploded with high-pressure sound waves. At the end of the
implosion process, and for a short time afterward, conditions of high
density and temperature are achieved that lead to light emission. By
starting with larger, millimetre-sized cavitations (bubbles) that had been
deuterated in the acetone liquid, the researchers claimed to have produced
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densities and temperatures sufficient to induce fusion reactions just before
the bubbles broke up. As with cold fusion, most attempts to replicate their
results have failed.

3. Translate the sentences into English.

1) UtoOb1 TepMmosiziepHas peakius Obljla SHEPreTHUECKH BBITOTHOM,
HYXHO OOECII€YHUTh AOCTATOYHO BBICOKYIO TEMIIEPATypy TEpMO-
SEPHOTO TOIUIMBA, JAOCTATOYHO BBICOKYIO €r0 IUIOTHOCTH M Ma-
JIbl€ TIOTEPH IHEPTHH.

2) OMuyeckuil HarpeB IUIa3Mbl — 3a CYET MPOTEKaHUS dYepe3 Hee
3JIEKTPUYECKOTO0 TOKa — HamOoJee 3(h(EeKTHBEH Ha TEPBBIX 3Ta-
nax, Tak Kak ¢ pOCTOM TeMIIEpaTypbl y IUIa3Mbl CHHXKAETCS JJIEK-
TPUUECKOE COMPOTHUBIICHHE.

3) DneKkTpOMarHWTHBIA HAarpeB IUIa3Mbl HCIOJIB3YeT YacTOTY, COBIA-
JAOIIYI0 C YaCTOTOH BPAIlEHUs] BOKPYT MarHUTHBIX CHJIOBBIX JIU-
HUH 3JIEKTPOHOB MJIM HOHOB.

4) Ilpu uHXEeKuUU OBICTPBIX HEUTPAJIBHBIX aTOMOB CO3JIAETCS MIOTOK
OTpHUIIATETFHBIX HOHOB, KOTOpBIE 3aTeM HEHUTpaJIH3yroTCs, Mpe-
BpalIasACh B HEHTpalbHBIC ATOMBI, CIIOCOOHBIE NPOXOAUTH Yepe3
MarHiuTHOE II0JIC B LIEHTP IJIa3Mbl, YTOOBI MEPEAaTh CBOIO PHEP-
THIO UIMEHHO TaM.

5) D-T-peaknus poxnaer 14 MaB HeHTpoHBI, KOTOpBIE MOTYT Je-
JUTH faxke 00eIHEHHBIN ypaH.

6) Jlenenue oIHOTO sIpa ypaHa CONMPOBOKAAETCS BHIACICHUEM IIPH-
MepHO 200 M»3B sHeprum, uTo B AECATb C JUIIHUM pa3 MPeBOCXO-
JIUT SHEPTHIO, BBIACIAIONIYIOCS IIPU CHHTE3E.

7) Yxe CyLIecTBYIOLIME TOKAMAaKU MOTJIM Obl CTaTh 3HEPreTU4YECKU
BBITOJHBIMH, €CIM OBl MX OKPY KM YPAaHOBON 000IOUYKOIA.

8) KpaiiHe MHTEHCHBHBIE MOTOKH HEHTPOHOB JOJDKHBI HepepadaThl-
BaTh JOJTOKHUBYIIHME MPOAYKTHI JAETICHUS ypaHa B KOPOTKOXKHBY-
IKe, YTO CYLIECTBEHHO CHIDKAET MpPOOJIeMy 3aXOpPOHEHHUSI OTXO-
JIOB.

4. Render the text into English.

MupHbIii TEPpMOSI/ — IOYTH PeaIbHOCTh

OpHa U3 IIaBHBIX NpPoOIEM, KOTOPYIO HAalO PEIIUTh MPH CO3aHUU
TEPMOSIIEpHON cTaHmM, — noselmeHue ee KIIJI, T. €. oTHOWIEHHE MOy~
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YEeHHOW MOIITHOCTH K 3aTPauyeHHOHN B XOJIe TEPMOSICPHON peaKIuu. DTOT
napametp (paktop (), €CTECTBEHHO, JOJDKEH OBITH OOJBIINE €IUHUIIBL
st IpOMBIIIUIEHHOH K€ 3JEKTPOCTAHIUH 3Ha4eHHue () TOIKHO OBITH He
MEHbIIIE MATH: TOJBKO B 3TOM ClIy4ae 3apsHKEHHbBIE anb(a-4acTUIIbI, KO-
TOpBIE BMECTE€ C HEMTPOHAMHU POXKAAIOTCS IPU TEPMOSIIEPHON pEaKIuy,
HO, B OTJIMYHUE OT MOCJIEAHUX, HE TIOKUAAIOT MAarHUTHYIO JIOBYLIKY, OyayT
CHOCOOCTBOBATH MOIACPKAHUIO BBICOKOH TeMrepaTypsl. Takum oOpaszom,
npu (, paBHOM IISITH, JOCTATOYHO OJIMH Pa3 «3axeuby» IUIa3My, a MOTOM
HHUKAaKUX JIOTIOJHUTENbHBIX MaHUITYJSIUHA C PEaKTOPOM INPOBOIUTH YXKe
He Hy>kHO. B nzeane 3nHaueHne Q) NOHKHO JOCTHraTh ACCTH.

Ho co3nanne mogoOHO# ycTaHOBKM HE MOJ CHITy HH OIHOM CTpaHe
Mupa B oquHOUYKY. [Toaromy B 1980-X rr. coBeTCKHE (PH3HKH-SACPIIUKH
BBICTYIIWJIN C WHUIMATHUBON CTPOUTEIHCTBA MEKAYHAPOIHOTO SKCIEpPH-
MEHTaJIBHOTO TEePMOsiACpHOTO peakTopa — ¢ nmpoektom UTOP. Torpam-
Huii tmaBa CCCP M. C. I'opbaueB, mpe3unentsl P. Peiiran (CLIA) u
®. Muttepan (Ppanius) noaaepxaiu 3Ty uzaeto. Ho mpouuto eme asa
JECSTUIICTHSI, IPEKIE YeM MUP ClIeIajl OYepeaHOH mar K TEpMOSIEPHOMY
Oyaymemy: OBLIO ONpPENENCHO MECTO A CTPOUTEIHCTBA IKCIEPUMEH-
TaJILHOT'O PEAKTOPA.

Bri6op nan Ha obnacts [IpoBanc Ha oro-Boctoke @paHimu. 310 Me-
CTO COOTBETCTBOBAJIO BCEM TPEOOBaHHSAM, BKJIOUasi KOM(OPTHBIN KiuMar
U XOpOUIYIO TPaHCHOPTHYIO IOCTYIIHOCTb, B TOM uucie 1mo mopo. Ilo-
cilegHee ObUIO BaKHO, TaK KaK IUIAHMPOBANACh TPAHCIOPTHPOBKA I'po-
MO3JIKUX JAeTaleld, Bec KOTOpbIX Mor nocturath 100 T u Gonee. Hakoner,
yK€ B CepeflHEe IEepPBOro JAECATHIIETHUS HOBOI'O BeKa, HAYAJIOCh CTPOH-
TesbCTBO ToKamaka UTOP.

HUTIP — smo mokamax, m. e. MAZHUMHASA NOEYUWIKA 3AKPbIMO20 MUNa,
o0Haxo HAD sensemcs NPUHAHHLIM MUPOBLIM JUOEPOM 6 CO30AHUU
AnbMEPHAMUBHO20 8aAPUAHMA — OMKPLIMbIX MacHumnblx aosyuex. Ceii-
yac 6 uHcmumyme pabomarom 0ge nodobuvie ycmanosku: I [/ (2azoou-
Hamuyeckas aogyuika) u 1'OJI-3 (cogppuposannas nosywika), a HedasHo
ovina 3anywena Hoseas skcnepumenmanvras ycmanoska CMOJIA. Ha
SMUX YCMAHOBKAX HAWU CHEeYUATUCMbl 3AHUMAIOMCS He MOJbKO COO-
CMGEHHBIMU UCCTIC00BAHUAMU DUIUKYU NIA3MbL, HO U Peuaiom Hempusu-
anvhvle puzuueckue 3a0aqu ons npoexkma UTOP.

Kak pabotaet Takoii HayuHbIii 0OMeH? Bo3pMmeM (usnky HeycToituu-
BOCTEH, B KOTOPOH MbI paboTaeM. SIBIeHHS MOJO0OHOW MPUPOABI MPOSAB-
JSIFOTCSL. OAMHAKOBO KaK B 3aKPBITBIX, TaK M B OTKPBITBIX CHCTEMax, IJe
€CTb MarHUTHOE yZAepkaHue Iuta3Mel. HampuMep, Ha TOkamakax ydeHbIe
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HAYYHIIACh OOPOTHCS C KEJTO0OKOBOW HEYCTOMUHNBOCTHIO, U OTH 3HAHHS MBI
MO’KEM HCIIOJIb30BaTh B OTKPBITHIX JIOBYIITKAX.

Ho ectp Bompocsl, CcBsi3aHHBIE, K NpPHUMEPY, CO B3aUMOJEHCTBHEM
TUTa3Mbl U MaTepuaia, KOTOPhIe HENIb3sl PeIIUTh Ha CYIIECTBYIOLINX CEro-
ITHS TOKamakax. B 9acTHOCTH, Ha HUX HENb3sI JOCTHYb IMapaMeTpOB IUIa3-
MEHHBIX ITOTOKOB, KOTOPBIE OyAyT KOHTAaKTHPOBATh CO CTEHKAMH TEPMO-
SIIEPHOTO PEAKTOPa. A BOT Ha OTKPBITHIX JIOBYIIKAX B CHITY UX T€OMETPH-
YECKOW KOH(UTypaluy Takue MOTOKH MOJIy4YUTh MOXHO. Iloatomy mo-
TIOOHBIE SKCTICPUMEHTHI TpoBosATes B S ®D, a momrydennas nabopmariis
ucnoinb3yercs B npoekte UTOP.

(bypoaxos A.B. O HacToAIEeM U OYIyIIeM TEPMOSISPHOM
SHEPTEeTHUKHN)

5. Read the text about the role nuclear accelerators play in technical
and industrial fields. Draw a mind-map to help you retell the text.
Time limit: 15 min.

Cosmic Rays, Electronic Devices, and Nuclear Accelerators

Cosmic rays are continuously bombarding Earth: more during active
solar periods, more at the poles, and less at the equator. When cosmic
rays, or radiation from their secondary products, interact with an
electronic device, the function of that device can be compromised. The
resulting errors in the functionality of an electronic device can have very
serious consequences for technologies used by such disparate industries as
aerospace and autos.

A single event upset (SEU) refers to a change in the state of the logic
or support circuitry of an electronic device caused by radiation striking a
sensitive location or node in the device. SEUs can range from temporary
nondestructive soft errors to hard error damage in devices. The detailed
physics determining the rate at which SEUs occur is both complicated and
device dependent. Circuit manufacturers try to design around the risks
posed by cosmic ray interactions by introducing redundancy or other
protective measures to compensate for the radiation-induced errors. To do
so requires detailed knowledge of the expected rates and types of SEUs
that can occur. Thus, experimental testing of semiconductor device
response to radiation requires beams of particles that provide realistic
analogs of cosmic rays and their secondary products. The main particles
responsible for SEUs are neutrons, protons, and alpha particles, as well as
heavy ions. Thus, the beams needed for this large experimental program
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require a range of nuclear accelerator facilities to test for device
vulnerabilities and to characterize the radiation-induced failure modes of
the electronic chips. For this, nuclear physics accelerator facilities are a
unique resource, and agencies and companies from all over the world
purchase beam time at accelerator facilities to test for device
vulnerabilities and to characterize the radiation-induced failure modes of
the electronic chips. In the United States alone, each year national and
university nuclear physics laboratories provide almost 10,000 hours of
accelerator time for this important service.

FOCUS ON PRODUCTIVE WRITING
AND SPEAKING SKILLS

1. Write 2-3 paragraphs of 200-250 words to comment on the
statement that nuclear physics is cross-disciplinary in nature.
Ensure continuity within and between the paragraphs using proper
means of cohesion.

2. Prepare a 5-minute talk on one of the following topics. You may
choose any other topic related to nuclear physics which is not on
the list.

1) Experimental progress in nuclear physics

2) Unsolved theoretical problems in nuclear physics

3) Advances in nuclear medicine

4) Addressing environmental challenges with nuclear accelerators
5) Arguments for and against cold fusion

KEY WORDS AND WORD COMBINATIONS

Atomic
atomic mass, atomic mass number, atomic number, atomic
process, atomic weight

Element
heavy element, light element, transuranium element

Energy
average energy, binding energy, fission energy, kinetic energy,
laser energy, nuclear energy, particle energy, potential energy;
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energy equivalent, energy generation, energy potential, energy
production, energy release, energy yield

Fission
asymmetric fission, low-energy fission, neutron-induced fission,
nuclear fission, symmetric fission; fission barrier, fission
fragments, fission phenomena, fission process, fission research,
fission threshold

Fusion
fusion energy, fusion fuel, fusion power, fusion power
generation, fusion power process, fusion reactant, fusion
reaction, fusion reactor, fusion research; bubble fusion, cold
fusion, inertial confinement fusion, muon-catalyzed fusion,
nuclear fusion; undergo fusion

Mass
mass asymmetry, mass defect, mass distribution, mass division,
mass equivalent, mass number, mass region, mass split; actual
mass, electron mass, ground-state mass, proton mass, unequal
mass

Model
deformed shell model, independent-particle model, liquid-drop
model, shell model, simplified model, single-particle model,
spherical-shell model, unified model

Neutron
free neutron, slow neutron; neutron mass

Nuclear
nuclear astrophysics, nuclear deformation, nuclear energy,
nuclear fuel, nuclear level, nuclear matter, nuclear model,
nuclear number, nuclear physics, nuclear physicists, nuclear
power industry, nuclear process, nuclear reaction, nuclear
reactor, nuclear spectroscopy, nuclear state, nuclear structure

Nuclear force
attractive nuclear force, cohesive nuclear force, repulsive
nuclear force, short-range nuclear force, strong nuclear force,
weak nuclear force

Nucleus (nuclei)
closed-shell nucleus, deuterium nucleus, fissioning nucleus,
heavy nucleus, hydrogen nucleus, interacting nuclei, light
nucleus, magic-number nucleus, nearby nucleus, real nucleus
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Nucleon
constituent nucleon, individual nucleon; individual nucleon
components; pairs of nucleons

Reaction
chemical reaction, H-H fusion reaction, D-T reaction, nuclear
fusion reaction, physical reaction, self-sustained reaction;
reaction rate

Surface
surface area, surface force, surface energy, surface tension;
potential energy surface

Thermonuclear
thermonuclear fusion, thermonuclear reaction, thermonuclear
weapon



UNIT 6. NANOTECHNOLOGY

TEXT 1

3. Check the pronunciation of these words in a dictionary. If
necessary, specify their meaning.

chemistry, deoxyribonucleic acid, dwarf, effort, enzyme, exhibit,
hybrid, manufacture, microscopic, opaque, oxide, ultimately,
ultraviolet, vehicle, zinc

4. Read the text and answer the questions below.

L.

whw

What modern-day applications of nanotechnology are mentioned
in the text?

. What future applications of nanotechnology will be possible? Will

they have a positive effect on the environment?

What does the term 'nanotechnology' refer to?

How has nature been using nanotechnology for billions of years?
What are the two principal reasons for qualitative differences in
material behaviour at the nanoscale?

What positive changes may nanotechnology bring to the basic
industrial production?

Where do scientists take their inspiration for nanotechnology
from?

Overview of nanotechnology

1. Nanotechnology is the manipulation and manufacture of materials
and devices on the scale of atoms or small groups of atoms. The
“nanoscale” is typically measured in nanometres, or billionths of a metre
(nanos, the Greek word for “dwarf,” being the source of the prefix), and
materials built at this scale often exhibit distinctive physical and chemical
properties due to quantum mechanical effects. Although usable devices
this small may be decades away, techniques for working at the nanoscale
have become essential to electronic engineering, and nanoengineered
materials have begun to appear in consumer products. For example,
billions of microscopic “nanowhiskers,” each about 10 nanometres in
length, have been molecularly hooked onto natural and synthetic fibres to
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impart stain resistance to clothing and other fabrics; zinc oxide
nanocrystals have been used to create invisible sunscreens that block
ultraviolet light; and silver nanocrystals have been embedded in bandages
to kill bacteria and prevent infection.

2. Possibilities for the future are numerous. Nanotechnology may
make it possible to manufacture lighter, stronger, and programmable
materials that require less energy to produce than conventional materials,
that produce less waste than with conventional manufacturing, and that
promise greater fuel efficiency in land transportation, ships, aircraft, and
space vehicles. Nanocoatings for both opaque and translucent surfaces
may render them resistant to corrosion, scratches, and radiation.
Nanoscale electronic, magnetic, and mechanical devices and systems with
unprecedented levels of information processing may be fabricated, as may
chemical, photochemical, and biological sensors for protection, health
care, manufacturing, and the environment; new photoelectric materials
that will enable the manufacture of cost-efficient solar-energy panels; and
molecular-semiconductor hybrid devices that may become engines for the
next revolution in the information age. The potential for improvements in
health, safety, quality of life, and conservation of the environment are
vast.

3. At the same time, significant challenges must be overcome for the
benefits of nanotechnology to be realized. Scientists must learn how to
manipulate and characterize individual atoms and small groups of atoms
reliably. New and improved tools are needed to control the properties and
structure of materials at the nanoscale; significant improvements in
computer simulations of atomic and molecular structures are essential to
the understanding of this realm. Next, new tools and approaches are
needed for assembling atoms and molecules into nanoscale systems and
for the further assembly of small systems into more-complex objects.
Furthermore, nanotechnology products must provide not only improved
performance but also lower cost. Finally, without integration of nanoscale
objects with systems at the micro- and macroscale (that is, from millionths
of a metre up to the millimetre scale), it will be very difficult to exploit
many of the unique properties found at the nanoscale.

4. Nanotechnology is highly interdisciplinary, involving physics,
chemistry, biology, materials science, and the full range of the
engineering disciplines. The word nanotechnology is widely used as
shorthand to refer to both the science and the technology of this emerging
field. Narrowly defined, nanoscience concerns a basic understanding of
physical, chemical, and biological properties on atomic and near-atomic
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scales. Nanotechnology, narrowly defined, employs controlled
manipulation of these properties to create materials and functional
systems with unique capabilities.

5. In contrast to recent engineering efforts, nature developed
“nanotechnologies” over billions of years, employing enzymes and
catalysts to organize with exquisite precision different kinds of atoms and
molecules into complex microscopic structures that make life possible.
These natural products are built with great efficiency and have impressive
capabilities, such as the power to harvest solar energy, to convert minerals
and water into living cells, to store and process massive amounts of data
using large arrays of nerve cells, and to replicate perfectly billions of bits
of information stored in molecules of deoxyribonucleic acid (DNA).

6. There are two principal reasons for qualitative differences in
material behaviour at the nanoscale (traditionally defined as less than 100
nanometres). First, quantum mechanical effects come into play at very
small dimensions and lead to new physics and chemistry. Second, a
defining feature at the nanoscale is the very large surface-to-volume ratio
of these structures. This means that no atom is very far from a surface or
interface, and the behaviour of atoms at these higher-energy sites has a
significant influence on the properties of the material. For example, the
reactivity of a metal catalyst particle generally increases appreciably as its
size is reduced — macroscopic gold is chemically inert, whereas at
nanoscales gold becomes extremely reactive and catalytic and even melts
at a lower temperature. Thus, at nanoscale dimensions material properties
depend on and change with size, as well as composition and structure.

7. Using the processes of nanotechnology, basic industrial production
may veer dramatically from the course followed by steel plants and
chemical factories of the past. Raw materials will come from the atoms of
abundant elements — carbon, hydrogen, and silicon — and these will be
manipulated into precise configurations to create nanostructured materials
that exhibit exactly the right properties for each particular application. For
example, carbon atoms can be bonded together in a number of different
geometries to create variously a fibre, a tube, a molecular coating, or a
wire, all with the superior strength-to-weight ratio of another carbon
material — diamond. Additionally, such material processing need not
require smokestacks, power-hungry industrial machinery, or intensive
human labour. Instead, it may be accomplished either by “growing” new
structures through some combination of chemical catalysts and synthetic
enzymes or by building them through new techniques based on patterning
and self-assembly of nanoscale materials into useful predetermined
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designs. Nanotechnology ultimately may allow people to fabricate almost
any type of material or product allowable under the laws of physics and
chemistry. While such possibilities seem remote, even approaching
nature’s virtuosity in energy-efficient fabrication would be revolutionary.

8. Even more revolutionary would be the fabrication of nanoscale
machines and devices for incorporation into micro- and macroscale
systems. Once again, nature has led the way with the fabrication of both
linear and rotary molecular motors. These biological machines carry out
such tasks as muscle contraction (in organisms ranging from clams to
humans) and shuttling little packets of material around within cells while
being powered by the recyclable, energy-efficient fuel adenosine
triphosphate. Scientists are only beginning to develop the tools to
fabricate functioning systems at such small scales, with most advances
based on electronic or magnetic information processing and storage
systems. The energy-efficient, reconfigurable, and self-repairing aspects
of biological systems are just becoming understood.

9. The potential impact of nanotechnology processes, machines, and
products is expected to be far-reaching, affecting nearly every conceivable
information technology, energy source, agricultural product, medical
device, pharmaceutical, and material used in manufacturing. Meanwhile,
the dimensions of electronic circuits on semiconductors continue to
shrink, with minimum feature sizes now reaching the nanorealm, under
100 nanometres. Likewise, magnetic memory materials, which form the
basis of hard disk drives, have achieved dramatically greater memory
density as a result of nanoscale structuring to exploit new magnetic effects
at nanodimensions. These latter two areas represent another major trend,
the evolution of critical elements of microtechnology into the realm of
nanotechnology to enhance performance. They are immense markets
driven by the rapid advance of information technology.

5. Read the text again and write five extra questions to discuss in
pairs.

LANGUAGE REVIEW
Focus on word formation

1. Form adjectives from the following words. Consult the text if
necessary.

biology, conceive, convention, function, impress, magnet,
microscope, nature, programme, recycle, resist, revolution
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2. Identify what part of speech the word 'increase' represents in

paragraph 6 and check how it should be pronounced.

Focus on grammar

1.  Answer the questions.

1

2.

1) How are multi-component terms formed?
2) What models of multi-component terms do you know?
3) What are the ways of their translation?

Do the following tasks.

1) Analyse the use of the Infinitive throughout the text.

2) Comment on the use of modal verbs may, would, need, must, can
in paragraphs 1, 2, 3, 7 and 8.

3) Find the Absolute Participial Construction in paragraphs 8 and 9.
Translate the sentences it occurs in.

4) Identify the function of 'it' in paragraphs 2, 3 and 7 and the
function of 'that' in paragraph 2.

5) Indicate the difference between the Verbal Noun and the Gerund
and decide which is which in paragraphs 1, 2, 3, 4 and 7.

6) Identify the Complex Subject in paragraph 9 and translate the
sentence it is used in.

7) Find the sentence with the Inversion in paragraph 8 and translate
it.

8) Write out 5 multi-component terms and translate them.

Focus on paragraph structure and content

Answer the questions.

1) What key terms and phrases provide an effective means of
connecting the sentences in all the paragraphs of Text 1?

2) What parallel grammatical and structural forms (words, phrases,
clauses) are used in paragraphs 2 and 7?

Do the following tasks.

1) Indicate the topic sentence in each paragraph of Text 1.
2) Develop the idea of each topic sentence.

3) Sum up the main points of Text 1.
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Focus on vocabulary

Define or explain these terms.

hybrid, nanocoating, nanodimention, nanomanufacture, nanomaterial,
nanotechnology, nanoscale, self-assembly

Give English equivalents for the following word combinations.

H3TOTOBJICHUE MAaTEpUaliOB, KBAHTOBO-MEXaHMUECKUH 3P EKT, mpo-
SIBIIATH/IEMOHCTPUPOBATh  XapaKTepHble (U3NYECKHEe CBOMHCTBA,
clelaTh IOBEPXHOCTh YCTOWYMBOM K  KOPPO3HWH, OOBIYHOE
MIPOU3BOICTBO, OCCIPEIEACHTHBINA YPOBEHh 00pa00TKU HHGpOPMAIIHH,
OXpaHa OKpYXKalollel Cpeapl, PEIUTh Cepbe3HbIe MPOOIEMBI,
KadeCTBEHHbIE OTJIMYHS, KOHTPOJIHMPOBATH CBOMCTBA U CTPYKTYPY
MaTepHarioB B HaHOMETPOBOM MaciuTabe, oOpadarbiBaTh OrpOMHBIE
00BbEMBI  AaHHBIX, O0JIaJaTh BIEYATIAIOUIMMH BO3MOXKHOCTSIMH,
0OJIBIIIOE  OTHOIIGHWE TIOBEPXHOCTH K O00BEMy, 00Iamath
3HAYUTENILHBIM BIMSHHEM Ha CBOMCTBa MaTtepuaia, CoO3aaTb HAHO-
CTPYKTYPUPOBaHHBIN MaTepHa

Give Russian equivalents for the following word combinations.
Make up sentences with some of them.

on the scale of atoms, to be typically measured in nanometres, to be
built at nanoscale, to be molecularly hooked onto natural and
synthetic fibres, to manufacture programmable materials, nanoscale
electronic magnetic and mechanical devices and systems, the
potential for improvements in health, to manipulate and characterize
atoms reliably, integration of nanoscale objects with systems at the
micro- and macroscale, to create materials and functional systems
with unique capabilities, to exploit many of the unique properties
found at the nanoscale, to exhibit exactly the right properties,
strength-to-weight ratio, self-assembly of nanoscale materials,
energy-efficient fabrication, the result of nanoscale structuring, to
exploit new magnetic effects at nanodimensions

TEXT 2

Write an outline of the text in the form of questions and discuss the
basic changes of the properties of materials at the nanoscale. Work
in pairs.
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Properties at the nanoscale

At nanoscale dimensions the properties of materials no longer depend
solely on composition and structure in the usual sense. Nanomaterials
display new phenomena associated with quantized effects and with the
preponderance of surfaces and interfaces.

Quantized effects arise in the nanometre regime because the overall
dimensions of objects are comparable to the characteristic wavelength for
fundamental excitations in materials. For example, electron wave
functions in semiconductors are typically on the order of 10 to 100
nanometres. Such excitations include the wavelength of electrons,
photons, phonons, and magnons, to name a few. These excitations carry
the quanta of energy through materials and thus determine the dynamics
of their propagation and transformation from one form to another. When
the size of structures is comparable to the quanta themselves, it influences
how these excitations move through and interact in the material. Small
structures may limit flow, create wave interference effects, and otherwise
bring into play quantum mechanical selection rules not apparent at larger
dimensions.

Electronic and photonic behaviour

Quantum mechanical properties for confinement of electrons in one
dimension have long been exploited in solid-state electronics.
Semiconductor devices are grown with thin layers of differing
composition so that electrons (or “holes” in the case of missing electron
charges) can be confined in specific regions of the structure (known as
quantum wells). Thin layers with larger energy bandgaps can serve as
barriers that restrict the flow of charges to certain conditions under which
they can “tunnel” through these barriers — the basis of resonant tunneling
diodes. Superlattices are periodic structures of repeating wells that set up a
new set of selection rules which affect the conditions for charges to flow
through the structure. Superlattices have been exploited in cascade lasers
to achieve far infrared wavelengths. Modern telecommunications is based
on semiconductor lasers that exploit the unique properties of quantum
wells to achieve specific wavelengths and high efficiency.

The propagation of photons is altered dramatically when the size and
periodicity of the transient structure approach the wavelength of visible
light (400 to 800 nanometres). When photons propagate through a
periodically varying dielectric constant — for example, semiconductor
posts surrounded by air — quantum mechanical rules define and limit the
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propagation of the photons depending on their energy (wavelength). This
new behaviour is analogous to the quantum mechanical rules that define
the motion of electrons through crystals, giving bandgaps for
semiconductors. In one dimension, compound semiconductor superlattices
can be grown epitaxially with the alternating layers having different
dielectric constants, thus providing highly reflective mirrors for specific
wavelengths as determined by the repeat distance of layers in the
superlattice. These structures are used to provide “built-in” mirrors for
vertical-cavity surface-emitting lasers, which are used in communications
applications. In two and three dimensions, periodic structures known as
photonic crystals offer additional control over photon propagation.

Photonic crystals are being explored in a variety of materials and
periodicities, such as two-dimensional hexagonal arrays of posts
fabricated in compound semiconductors or stacked loglike arrays of
silicon bars in three dimensions. The dimensions of these structures
depend on the wavelength of light being propagated and are typically in
the range of a few hundred nanometres for wavelengths in the visible and
near infrared. Photonic crystal properties based on nanostructured
materials offer the possibility of confining, steering, and separating light
by wavelength on unprecedented small scales and of creating new devices
such as lasers that require very low currents to initiate lasing (called near-
thresholdless lasers). These structures are being extensively investigated
as the tools for nanostructuring materials are steadily advancing.
Researchers are particularly interested in the infrared wavelengths, where
dimensional control is not as stringent as at the shorter visible
wavelengths and where optical communications and chemical sensing
provide motivation for potential new applications.

Magnetic, mechanical, and chemical behaviour

Nanoscale materials also have size-dependent magnetic behaviour,
mechanical properties, and chemical reactivity. At very small sizes (a few
nanometres), magnetic nanoclusters have a single magnetic domain, and
the strongly coupled magnetic spins on each atom combine to produce a
particle with a single “giant” spin. For example, the giant spin of a
ferromagnetic iron particle rotates freely at room temperature for
diameters below about 16 nanometres, an effect termed
superparamagnetism. Mechanical properties of nanostructured materials
can reach exceptional strengths. As a specific example, the introduction of
two-nanometre aluminum oxide precipitates into thin films of pure nickel
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results in yield strengths increasing from 0.15 to 5 gigapascals, which is
more than twice that for a hard bearing steel. Another example of
exceptional mechanical properties at the nanoscale is the carbon nanotube,
which exhibits great strength and stiffness along its longitudinal axis.

The preponderance of surfaces is a major reason for the change in
behaviour of materials at the nanoscale. Since up to half of all the atoms
in nanoparticles are surface atoms, properties such as electrical transport
are no longer determined by solid-state bulk phenomena. Likewise, the
atoms in nanostructures have a higher average energy than atoms in larger
structures, because of the large proportion of surface atoms. For example,
catalytic materials have a greater chemical activity per atom of exposed
surface as the catalyst is reduced in size at the nanoscale. Defects and
impurities may be attracted to surfaces and interfaces, and interactions
between particles at these small dimensions can depend on the structure
and nature of chemical bonding at the surface. Molecular monolayers may
be used to change or control surface properties and to mediate the
interaction between nanoparticles.

Surfaces and their interactions with molecular structures are basic to
all biology. The intersection of nanotechnology and biotechnology offers
the possibility of achieving new functions and properties with
nanostructured surfaces. In this surface- and interface-dominated regime,
biology does an exquisite job of selectively controlling functions through
a combination of structure and chemical forces. The transcription of
information stored in genes and the selectivity of biochemical reactions
based on chemical recognition of complex molecules are examples where
interfaces play the key role in establishing nanoscale behaviour. Atomic
forces and chemical bonds dominate at these dimensions, while
macroscopic effects — such as convection, turbulence, and momentum
(inertial forces) — are of little consequence.

2. Translate the following sentences into Russian. If necessary, refer
to the text to clarify the context.

1) Semiconductor devices are grown with thin layers of differing
composition so that electrons (or “holes” in the case of missing
electron charges) can be confined in specific regions of the
structure (known as quantum wells).

2) Thin layers with larger energy bandgaps can serve as barriers that
restrict the flow of charges to certain conditions under which they
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can “tunnel” through these barriers — the basis of resonant
tunneling diodes.

3) Modern telecommunications is based on semiconductor lasers that
exploit the unique properties of quantum wells to achieve specific
wavelengths and high efficiency.

4) When photons propagate through a periodically varying dielectric
constant — for example, semiconductor posts surrounded by air —
quantum mechanical rules define and limit the propagation of the
photons depending on their energy (wavelength).

5) In one dimension, compound semiconductor superlattices can be
grown epitaxially with the alternating layers having different
dielectric constants, thus providing highly reflective mirrors for
specific wavelengths as determined by the repeat distance of
layers in the superlattice.

6) These structures are used to provide “built-in”” mirrors for vertical-
cavity surface-emitting lasers, which are used in communications
applications.

7) Photonic crystals are being explored in a variety of materials and
periodicities, such as two-dimensional hexagonal arrays of posts
fabricated in compound semiconductors or stacked loglike arrays
of silicon bars in three dimensions.

8) Photonic crystal properties based on nanostructured materials offer
the possibility of confining, steering, and separating light by
wavelength on unprecedented small scales and of creating new
devices such as lasers that require very low currents to initiate
lasing (called near-thresholdless lasers).

9) These structures are being extensively investigated as the tools for
nanostructuring materials are steadily advancing.

10) Defects and impurities may be attracted to surfaces and interfaces,
and interactions between particles at these small dimensions can
depend on the structure and nature of chemical bonding at the
surface.

11) Molecular monolayers may be used to change or control surface
properties and to mediate the interaction between nanoparticles.
12) The intersection of nanotechnology and biotechnology offers the
possibility of achieving new functions and properties with

nanostructured surfaces.
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13) In this surface- and interface-dominated regime, biology does an
exquisite job of selectively controlling functions through a
combination of structure and chemical forces.

14) The transcription of information stored in genes and the selectivity
of biochemical reactions based on chemical recognition of
complex molecules are examples where interfaces play the key
role in establishing nanoscale behaviour.

3 Fill in the gaps with appropriate adverbs as they occur in the text
from memory: extensively, freely, typically, solely, steadily,
particularly, highly, dramatically. Mind that you may use some of
them twice.

1) At nanoscale dimensions the properties of materials no longer
depend ... on composition and structure in the usual sense.

2) For example, electron wave functions in semiconductors are ... on
the order of 10 to 100 nanometres.

3) The propagation of photons is altered ... when the size and
periodicity of the transient structure approach the wavelength of
visible light (400 to 800 nanometres).

4) In one dimension, compound semiconductor superlattices can be
grown epitaxially with the alternating layers having different
dielectric constants, thus providing ... reflective mirrors for
specific wavelengths as determined by the repeat distance of
layers in the superlattice.

5) The dimensions of these structures depend on the wavelength of
light being propagated and are ... in the range of a few hundred
nanometres for wavelengths in the visible and near infrared.

6) These structures are being ... investigated as the tools for
nanostructuring materials are ... advancing.

7) Researchers are ... interested in the infrared wavelengths, where
dimensional control is not as stringent as at the shorter visible
wavelengths and where optical communications and chemical
sensing provide motivation for potential new applications.

8) For example, the giant spin of a ferromagnetic iron particle rotates
... at room temperature for diameters below about 16 nanometres,
an effect termed superparamagnetism.

4. Read the text again and trace connecting words and phrases. If
necessary, check their meaning.
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TEXT 3
1. Read the text and identify the topic of each paragraph.

Nanomaterials

1. Material properties — electrical, optical, magnetic, mechanical, and
chemical — depend on their exact dimensions. This opens the way for
development of new and improved materials through manipulation of
their nanostructure. Hierarchical assemblies of nanoscale-engineered
materials into larger structures, or their incorporation into devices, provide
the basis for tailoring radically new materials and machines.

2. Nature’s assemblies point the way to improving structural
materials. The often-cited abalone seashell provides a beautiful example
of how the combination of a hard, brittle inorganic material with
nanoscale structuring and a soft, “tough” organic material can produce a
strong, durable nanocomposite — basically, these nanocomposites are
made of calcium carbonate “bricks” held together by a glycoprotein
“glue.” New engineered materials are emerging — such as polymer-clay
nanocomposites — that are not only strong and tough but also lightweight
and easier to recycle than conventional reinforced plastics. Such
improvements in structural materials are particularly important for the
transportation industry, where reduced weight directly translates into
improved fuel economy. Other improvements can increase safety or
decrease the impact on the environment of fabrication and recycling.
Further advances, such as truly smart materials that signal their impending
failure or are even able to self-repair flaws, may be possible with
composites of the future.

3. Sensors are central to almost all modern control systems. For
example, multiple sensors are used in automobiles for such diverse tasks
as engine management, emission control, security, safety, comfort, vehicle
monitoring, and diagnostics. While such traditional applications for
physical sensing generally rely on microscale sensing devices, the advent
of nanoscale materials and structures has led to new electronic, photonic,
and magnetic nanosensors, sometimes known as “smart dust.” Because of
their small size, nanosensors exhibit unprecedented speed and sensitivity,
extending in some cases down to the detection of single molecules. For
example, nanowires made of carbon nanotubes, silicon, or other
semiconductor materials exhibit exceptional sensitivity to chemical
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species or biological agents. Electrical current through nanowires can be
altered by having molecules attached to their surface that locally perturb
their electronic band structure. By means of nanowire surfaces coated
with sensor molecules that selectively attach particular species, charge-
induced changes in current can be used to detect the presence of those
species. This same strategy is adopted for many classes of sensing
systems. New types of sensors with ultrahigh sensitivity and specificity
will have many applications; for example, sensors that can detect
cancerous tumours when they consist of only a few cells would be a very
significant advance.

4. Nanomaterials also make excellent filters for trapping heavy metals
and other pollutants from industrial wastewater. One of the greatest
potential impacts of nanotechnology on the lives of the majority of people
on Earth will be in the area of economical water desalination and
purification. Nanomaterials will very likely find important use in fuel
cells, bioconversion for energy, bioprocessing of food products, waste
remediation, and pollution-control systems.

5. A recent concern regarding nanoparticles is whether their small
sizes and novel properties may pose significant health or environmental
risks. In general, ultrafine particles — such as the carbon in photocopier
toners or in soot produced by combustion engines and factories — have
adverse respiratory and cardiovascular effects on people and animals.
Studies are under way to determine if specific nanoscale particles pose
higher risks that may require special regulatory restrictions. Of particular
concern are potential carcinogenic risks from inhaled particles and the
possibility for very small nanoparticles to cross the blood-brain barrier to
unknown effect. Nanomaterials currently receiving attention from health
officials include carbon nanotubes, buckyballs, and cadmium selenide
quantum dots. Studies of the absorption through the skin of titanium oxide
nanoparticles (used in sunscreens) are also planned. More far-ranging
studies of the toxicity, transport, and overall fate of nanoparticles in
ecosystems and the environment have not yet been undertaken. Some
early animal studies, involving the introduction of very high levels of
nanoparticles which resulted in the rapid death of many of the subjects,
are quite controversial.

2. Write an outline of the text in the form of questions and discuss
them in pairs.
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TEXT 4

1. Read the text, then draw a mind-map to help you sum up
applications for nanotechnology in medicine.

Biomedicine and health care

Drug delivery

Nanotechnology promises to impact medical treatment in multiple
ways. First, advances in nanoscale particle design and fabrication provide
new options for drug delivery and drug therapies. More than half of the
new drugs developed each year are not water-soluble, which makes their
delivery difficult. In the form of nanosized particles, however, these drugs
are more readily transported to their destination, and they can be delivered
in the conventional form of pills.

More important, nanotechnology may enable drugs to be delivered to
precisely the right location in the body and to release drug doses on a
predetermined schedule for optimal treatment. The general approach is to
attach the drug to a nanosized carrier that will release the medicine in the
body over an extended period of time or when specifically triggered to do
so. In addition, the surfaces of these nanoscale carriers may be treated to
seek out and become localized at a disease site—for example, attaching to
cancerous tumours. One type of molecule of special interest for these
applications is an organic dendrimer. A dendrimer is a special class of
polymeric molecule that weaves in and out from a hollow central region.
These spherical “fuzz balls” are about the size of a typical protein but
cannot unfold like proteins. Interest in dendrimers derives from the ability
to tailor their cavity sizes and chemical properties to hold different
therapeutic agents. Researchers hope to design different dendrimers that
can swell and release their drug on exposure to specifically recognized
molecules that indicate a disease target. This same general approach to
nanoparticle-directed drug delivery is being explored for other types of
nanoparticles as well.

Another approach involves gold-coated nanoshells whose size can be
adjusted to absorb light energy at different wavelengths. In particular,
infrared light will pass through several centimetres of body tissue,
allowing a delicate and precise heating of such capsules in order to release
the therapeutic substance within. Furthermore, antibodies may be attached
to the outer gold surface of the shells to cause them to bind specifically to
certain tumour cells, thereby reducing the damage to surrounding healthy
cells.
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Bioassays

A second area of intense study in nanomedicine is that of developing
new diagnostic tools. Motivation for this work ranges from fundamental
biomedical research at the level of single genes or cells to point-of-care
applications for health delivery services. With advances in molecular
biology, much diagnostic work now focuses on detecting specific
biological “signatures.” These analyses are referred to as bioassays.
Examples include studies to determine which genes are active in response
to a particular disease or drug therapy. A general approach involves
attaching fluorescing dye molecules to the target biomolecules in order to
reveal their concentration.

Another approach to bioassays uses semiconductor nanoparticles,
such as cadmium selenide, which emit light of a specific wavelength
depending on their size. Different-size particles can be tagged to different
receptors so that a wider variety of distinct colour tags are available than
can be distinguished for dye molecules. The degradation in fluorescence
with repeated excitation for dyes is avoided. Furthermore, various-size
particles can be encapsulated in latex beads and their resulting
wavelengths read like a bar code. This approach, while still in the
exploratory stage, would allow for an enormous number of distinct labels
for bioassays.

Another nanotechnology variation on bioassays is to attach one half
of the single-stranded complementary DNA segment for the genetic
sequence to be detected to one set of gold particles and the other half to a
second set of gold particles. When the material of interest is present in a
solution, the two attachments cause the gold balls to agglomerate,
providing a large change in optical properties that can be seen in the
colour of the solution. If both halves of the sequence do not match, no
agglomeration will occur and no change will be observed.

Approaches that do not involve optical detection techniques are also
being explored with nanoparticles. For example, magnetic nanoparticles
can be attached to antibodies that in turn recognize and attach to specific
biomolecules. The magnetic particles then act as tags and “handlebars”
through which magnetic fields can be used for mixing, extracting, or
identifying the attached biomolecules within microlitre- or nanolitre-sized
samples. For example, magnetic nanoparticles stay magnetized as a single
domain for a significant period, which enables them to be aligned and
detected in a magnetic field. In particular, attached antibody—magnetic-
nanoparticle combinations rotate slowly and give a distinctive magnetic
signal. In contrast, magnetically tagged antibodies that are not attached to
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the biological material being detected rotate more rapidly and so do not
give the same distinctive signal.

Microfluidic systems, or “labs-on-chips,” have been developed for
biochemical assays of minuscule samples. Typically cramming numerous
electronic and mechanical components into a portable unit no larger than a
credit card, they are especially useful for conducting rapid analysis in the
field. While these microfluidic systems primarily operate at the microscale
(that is, millionths of a metre), nanotechnology has contributed new
concepts and will likely play an increasing role in the future. For example,
separation of DNA is sensitive to entropic effects, such as the entropy
required to unfold DNA of a given length. A new approach to separating
DNA could take advantage of its passage through a nanoscale array of
posts or channels such that DNA molecules of different lengths would
uncoil at different rates.

Other researchers have focused on detecting signal changes as
nanometre-wide DNA strands are threaded through a nanoscale pore.
Early studies used pores punched in membranes by viruses; artificially
fabricated nanopores are also being tested. By applying an electric
potential across the membrane in a liquid cell to pull the DNA through,
changes in ion current can be measured as different repeating base units of
the molecule pass through the pores. Nanotechnology-enabled advances in
the entire area of bioassays will clearly impact health care in many ways,
from early detection, rapid clinical analysis, and home monitoring to new
understanding of molecular biology and genetic-based treatments for
fighting disease.

Assistive devices and tissue engineering

Another biomedical application of nanotechnology involves assistive
devices for people who have lost or lack certain natural capabilities. For
example, researchers hope to design retinal implants for vision-impaired
individuals. The concept is to implant chips with photodetector arrays to
transmit signals from the retina to the brain via the optic nerve.
Meaningful spatial information, even if only at a rudimentary level, would
be of great assistance to the blind. Such research illustrates the
tremendous challenge of designing hybrid systems that work at the
interface between inorganic devices and biological systems.

Closely related research involves implanting nanoscale neural probes
in brain tissue to activate and control motor functions. This requires
effective and stable “wiring” of many electrodes to neurons. It is exciting
because of the possibility of recovery of control for motor-impaired
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individuals. Studies employing neural stimulation of damaged spinal
cords by electrical signals have demonstrated the return of some
locomotion. Researchers are also seeking ways to assist in the
regeneration and healing of bone, skin, and cartilage — for example,
developing synthetic biocompatible or biodegradable structures with
nanosized voids that would serve as templates for regenerating specific
tissue while delivering chemicals to assist in the repair process. At a more
sophisticated level, researchers hope to someday build nanoscale or
microscale machines that can repair, assist, or replace more-complex
organs.

2. Discuss the advantages and disadvantages of nanotechnology in the
field of medicine.

3. Look for more information on the use of nanotechnology in
medicine and share it with other students.

CHECK YOURSELF

1. Translate the text in writing. Time limit: 45 min.
Information storage

Current approaches to information storage and retrieval include high-
density, high-speed, solid-state electronic memories, as well as slower
(but generally more spacious) magnetic and optical discs. As the
minimum feature size for electronic processing approaches 100
nanometres, nanotechnology provides ways to decrease further the bit size
of the stored information, thus increasing density and reducing
interconnection distances for obtaining still-higher speeds. For example,
the basis of the current generation of magnetic disks is the giant
magnetoresistance effect. A magnetic read/write head stores bits of
information by setting the direction of the magnetic field in nanometre-
thick metallic layers that alternate between ferromagnetic and
nonferromagnetic. Differences in spin-dependent scattering of electrons at
the interface layers lead to resistance differences that can be read by the
magnetic head. Mechanical properties, particularly tribology (friction and
wear of moving surfaces), also play an important role in magnetic hard
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disk drives, since magnetic heads float only about 10 nanometres above
spinning magnetic disks.

Another approach to information storage that is dependent on
designing nanometre-thick magnetic layers is under commercial
development. Known as magnetic random access memory (MRAM), a
line of electrically switchable magnetic material is separated from a
permanently magnetized layer by a nanoscale nonmagnetic interlayer. A
resistance change that depends on the relative alignment of the fields is
read electrically from a large array of wires through cross lines. MRAM
will require a relatively small evolution from conventional semiconductor
manufacturing, and it has the added benefit of producing nonvolatile
memory (no power or batteries are needed to maintain stored memory
states).

Still at an exploratory stage, studies of electrical conduction through
molecules have generated interest in their possible use as memory. While
still very speculative, molecular and nanowire approaches to memory are
intriguing because of the small volume in which the bits of memory are
stored and the effectiveness with which biological systems store large
amounts of information.

2. Translate the text at sight.

Communications

Nanoscale structuring of optical devices, such as vertical-cavity
surface-emitting lasers (VCSELs), quantum dot lasers, and photonic
crystal materials, is leading to additional advances in communications
technology.

VCSELs have nanoscale layers of compound semiconductors
epitaxially grown into their structure — alternating dielectric layers as
mirrors and quantum wells. Quantum wells allow the charge carriers to be
confined in well-defined regions and provide the energy conversion into
light at desired wavelengths. They are placed in the laser’s cavity to
confine carriers at the nodes of a standing wave and to tailor the band
structure for more efficient radiative recombination. One-dimensional
nanotechnology techniques involving precise growth of very thin epitaxial
semiconductor layers were developed during the 1990s. Such
nanostructuring has enhanced the efficiency of VCSELs and reduced the
current required for lasing to start (called the threshold current). Because
of improving performance and their compatibility with planar
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manufacturing technology, VCSELs are fast becoming a preferred laser
source in a variety of communications applications.

More recently, the introduction of quantum dots (regions so small that
they can be given a single electric charge) into semiconductor lasers has
been investigated and found to give additional benefits — both further
reductions in threshold current and narrower line widths. Quantum dots
further confine the optical emission modes within a very narrow spectrum
and give the lowest threshold current densities for lasing achieved to date
in VCSELs. The quantum dots are introduced into the laser during the
growth of strained layers, by a process called Stransky-Krastanov growth.
They arise because of the lattice mismatch stress and surface tension of
the growing film. Improvements in ways to control precisely the resulting
quantum dots to a more uniform single size are still being sought.

3. Translate the sentences into English.

1) Hanonayka — 3T0 HccieqOBaHHE SIBICHUH M OOBEKTOB Ha aTo-
MapHOM, MOJIEKYJIIPHOM M MaKpOMOJIEKYJIIPHOM YPOBHSX, Xapak-
TEPUCTHKH KOTOPBIX CYIIECTBEHHO OTIMYAIOTCS OT CBOWCTB HX
MaKpOaHaJIOTOB.

2) HaHOTEXHOJIOTHH — 3TO KOHCTPYHPOBAaHUE, XapaKTePUCTHKA, TIPO-
W3BOJICTBO U MPHUMEHEHUE CTPYKTYp, IPUOOPOB M CHCTEM, CBOW-
CTBa KOTOPBIX ONpEAETSAIOTCA UX (OpPMOIl M pa3MepoM Ha HaHO-
METPOBOM YpPOBHE.

3) HanooObexktamMu (HaHOYACTHIIAMH) HAa3BIBAIOTCA OOBEKTHI (Ya-
CTHLIBI) C XapaKTepHBIM pa3MepoM B 1—-100 HaHOMETPOB XOTs OBl
110 OJTHOMY U3MEPEHHIO.

4) meHHO OTKpBITHE (QYIIICPEHOB MPOJIOKHIO MYTh B HOBBIA MUP
HAaHOMETPOBBIX CTPYKTYp M3 YHCTOTO YIJIEpOAa M MPHUBENO K TO-
SBJICHUIO OI'POMHOTO KOJIMYECTBA PaboT B 3TOH 001acTH.

5) B 2004 r. rpynmoii ¢uzukoB Bo riaBe ¢ A. I'eiimom u K. HoBo-
cEmoBbIM OBLTM TONYYEHBI TIeEpBble 00pas3ipl TpadeHa, UTO
NPOM3BEIIO0 PEBONIIOLUIO B ATOM 00JaCTH, TaK KaK TakUe OBYMEp-
HBIE CTPYKTYPBI OKa3aJHCh, B YaCTHOCTH, CIOCOOHBIMH MIPOSIBIATH
HOPa3UTENbHBIEC 3JIEKTPOHHBIE CBOWCTBA, KAUECTBEHHO OTIMYAIO-
HIMecs OT BCeX Mpeke HaOII01aeMbIX.

6) Cepebpo B popme HaHOYACTHUI] CTAHOBUTCS UPE3BBIYAIHO TyOH-
TEJIHBIM 7151 0AKTEpHUl — 3TO €ro CBONCTBO YCIEIIHO IIPUMEHSET-
Csl B COBPEMEHHBIX PaHO3KHBISIOMINX TMOB3KAaX, & TAKXKE B aH-
TUMHKPOOHBIX TKAHSIX.
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7) Hanormoporok u3 oTpaOOTaHHBIX IWH MPU AO0ABICHUH B CHIPHE
IS acdanbTa JeNlaeT JOPOKHOE MOKPBITHE YPE3BBIYaiHO U3HOCO-
YCTOHYUBBIM.

8) Hanomopomku TMHBI B IOCTIEIHNE TOBI aKTHBHO HCIIONB3YIOT B
N30JMPYIOIINX MOKPBITUAX CHIIOBBIX Kkabenelr — Takas HU30JIALHA
TUIOXO TOPHUT, U 3TO XOPOILO 151 0€30MacHOCTH 3JaHUH.

9) HanouacTuibl nuOoKcHaa TUTaHa (OCHOBBI BCEM M3BECTHBIX THTa-
HOBBIX O€nui) sSBISAIOTCS 3(PPEKTUBHBIM (OTOKATATU3ATOPOM H
UCTIOJIb3YIOTCS KaK aKTUBHBIN 3JIEMEHT B (PHIIbTpax OBITOBBIX BO3-
JyXOOYHCTUTEIEH.

10) CoBpeMeHHBIE HCCIEAOBAHMS KOJUIOMIHOTO cepebpa IoKa3aid,
YTO OHO OO0JNaJaeT CIIOCOOHOCTHIO 00E3BPEKHBATH HEKOTOPHIC
IITAMMBI BUPYCa TPUIIIA, a TAKIKE SHTEPO- H aJICHOBUPYCHIL.

11) Tak kak B HAHOOOBEKTaX YHCIIO MOBEPXHOCTHBIX aTOMOB PE3KO
BO3pAcTaeT, TO MX BKJAJ B CBOHCTBa HAHOOOBEKTA CTAHOBHUTCS
OTIPECTSIONIMM U PACcTET C JATbHEUITUM YMECHBIICHHEM pa3Mepa
00BeKTA.

12) OnuH W3 BaXXKHEWIIUX BOMPOCOB, CTOSIIUX IEepel HAHOTEXHOJIO-
TUel — KaK 3aCTaBUTh MOJIEKYJIbI TPYIIIHPOBATHCS ONPEAEIEHHBIM
Croco0oM, CaMOOPTaHU30BEIBATHCS, YTOOBI B UTOTE TOTYYUTh HO-
BbIe MaTepUabl MK YCTPOICTBA.

4. Render the text into English.

HanouyacTunbi

CoBpeMeHHas TCHICHIMS K MUHHUATIOPU3AIMK [TOKa3aia, 4To Bellle-
CTBO MOXKET MMETh COBEPIIICHHO HOBBIC CBOIMCTBA, €CIIM B3ATh OYCHb Ma-
JICHbKYIO YacCTHUIly 3Toro BemiecTBa. Yactuiel pasmepamu oT 1 mo 200
HAHOMETPOB OOBIYHO HA3BIBAIOT «HAHOYACTHUIIAMIY. Tak, HAMpUMEp, OKa-
3aJI0Ch, YTO HAHOYACTHUIIHl HEKOTOPBIX MATEPHAIOB UMEIOT OYCHb XOPO-
M€ KaTaluTUYeCKHe U aJCOpOIMOHHBIE CBOWCTBAa. Jpyrue Martepuaibl
MOKAa3bIBAIOT YAMBUTEIbHBIE ONTHYECKHE CBOWCTBA, HANpPUMEpP, CBEPX-
TOHKHE TJICHKH OPTaHHUYECKHX MATEPUAIOB MPUMEHSIIOT JIsi MPOU3BOI-
CTBa COJIHEUHBIX Oatapeil. Takue 6arapeun, XOTh U 00JIaJal0T CPABHUTEIh-
HO HHM3KOW KBaHTOBOW 3(QeKTUBHOCTHIO, 3aTO Oosee NEMIEBBI U MOTYT
OBITh MEXaHWYECKH THOKMMHU. Ymaercs MOOHTHCSA B3aMMOJICHCTBUS HC-
KYCCTBEHHBIX HAHOYACTHUI| C MPHPOJHBIMH OOBEKTaMH HaHOPAa3MEPOB —
6CJIKaMI/I, HYKJICMHOBBIMH KHUCJIOTaMU U JP. THIaTeJ'II)HO OYUIICHHBIC HA-
HOYACTHIIBI MOTYT CAMOBBICTPAUBATHCS B OTPENCNEHHbIC CTPYKTYphL. Ta-
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Kasi CTPYKTYypa COIEPKHUT CTPOIO YNOPsAAOUYECHHbIE HAHOYACTUIIBI U TAKXKe
3a4acTyIO MPOSBISIET HEOOBIYHBIE CBOMCTBA.

HanooObekThl nensaTcst Ha 3 OCHOBHBIX Kilacca: TpEXMEpHBIE YacTH-
Ibl, TIOJy4YaeMble B3PHIBOM IIPOBOJHMUKOB, TJIA3MEHHBIM CHHTE30M, BOC-
CTAaHOBJICHUEM TOHKMX IUIEHOK M T. A.; JBYMEPHbIE OOBEKTHI — IUIEHKH,
MoJIy4aeMble METOJaMU MOJIeKyJsipHOro Hacmaupanusi, CVD, ALD, me-
TOJIOM HMOHHOTO HACJIaUBaHUA U T. [.; ONHOMEPHBIE OOBEKTHl — BUCKEPHI,
9TH OOBEKTHI MONyYaroTCs METOJOM MOJIEKYJSIPHOTO HaclauBaHHsI, BBe-
JIEHHEeM BEIIEeCTB B IIMIMHAPUYECKHE MHUKPOIOPHI U T. A. Taxke cyrie-
CTBYIOT HAaHOKOMIIO3UThI — MaTepHabl, OJIyUCHHbIC BBEJCHUEM HaHOYA-
CTHL B Kakue-m1u0o MaTpuipl. Ha maHHBIT MOMEHT OOIIMpHOE HMpUMEHE-
HHE MOIYYHI TOJIBKO METOJ MUKPOJIUTOTpadguu, MO3BOJSIOMINHN OTydaTh
Ha MMOBEPXHOCTH MaTPHII IUIOCKHE OCTPOBKOBBIE OOBEKTHI pazmepom ot 50
HM, TIpUMEHSeTCS OH B 3iekTponmke; Metoq CVD u ALD B ocHOBHOM
NPUMEHSETCS U CO3IaHMUsI MUKPOHHBIX TUIEHOK. [Ipoune merons! B oc-
HOBHOM HCIOJIB3YIOTCSI B HAYYHBIX LIEIsIX. B 0cOOEHHOCTH clieyeT oTMe-
TUTh METOJBI HOHHOTO U MOJIEKYJIIPHOTO HACJIauBaHUs, MOCKOJIBKY C MX
MOMOIIIBIO BO3MOKHO CO3JJaHUE PEATIbHBIX MOHOCIIOEB.

Oco0bIif KJ1acC COCTABISIIOT OPraHWYECKHE HAHOYACTHILBI KaK €CTeCT-
BEHHOT0, TaK 1 UCKYCCTBEHHOT'O IIPOMCXOXKACHUS.

[Tockonpky MHOTHE (U3MYECKHE M XMMHUYECKHE CBOWCTBAa HaHOYa-
CTHLl, B OTJINYME OT OOBEMHBIX MAaTE€pPHAIOB, CUIBHO 3aBUCAT OT MX pa3-
Mepa, B MOCJTEeIHHE TOIbl MPOSBISIETCS 3HAYUTEIFHBIA HHTEPEC K METO-
JlaM U3MepeHHs pa3MepoB HAHOYACTHUI[ B pacTBOpax: aHaJU3 TPAeKTOpUN
HAaHOYACTHUIl, JUHAMUYECKOE CBETOpACCEsHHE, CEeAVMMEHTAI[MOHHBIA aHa-
713, yIbTPa3ByKOBbIE METO/IBL.

5. Read the text about a new technology in the field of computing
systems. Draw a mind-map to help you retell the text. Time limit: 20
min.

New graphene-based 'atomristors' could pave
the way towards more powerful computing

Researchers at The University of Texas at Austin, in collaboration
with Peking University scientists, have developed what they refer to as the
thinnest memory storage device with dense memory capacity, paving the
way for faster, smaller and smarter computer chips for everything from
consumer electronics to big data to brain-inspired computing.
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They named their creation "atomristors", and stated that before this
work, it was considered impossible to make memory devices from
materials that were only one atomic layer thick. The "atomristors"
improve upon memristors, an emerging memory storage technology with
lower memory scalability.

"Atomristors will allow for the advancement of Moore's Law at the
system level by enabling the 3D integration of nanoscale memory with
nanoscale transistors on the same chip for advanced computing systems,"
the team said.

Memory storage and transistors have traditionally been separate
components on a microchip, but atomristors combine both functions on a
single, more efficient computer system. By using graphene sheets as
electrodes and semiconducting atomic sheets (molybdenum sulfide) as the
active layer, the entire memory cell is a sandwich about 1.5 nanometers
thick, which makes it possible to densely pack atomristors layer by layer
in a plane. This is a substantial advantage over conventional flash
memory, which occupies far larger space. In addition, the thinness allows
for faster and more efficient electric current flow.

Given their size, capacity and integration flexibility, atomristors can
be packed together to make advanced 3D chips that are crucial to the
successful development of brain-inspired computing. One of the greatest
challenges in this growing field of engineering is how to make a memory
architecture with 3D connections akin to those found in the human brain.
"The sheer density of memory storage that can be made possible by
layering these synthetic atomic sheets onto each other, coupled with
integrated transistor design, means we can potentially make computers
that learn and remember the same way our brains do," the researchers
said.

The research team also discovered another unique application for the
technology. In existing ubiquitous devices such as smartphones and
tablets, radio frequency switches are used to connect incoming signals
from the antenna to one of the many wireless communication bands in
order for different parts of a device to communicate and cooperate with
one another. This activity can significantly affect a smartphone's battery
life. The atomristors are the smallest radio frequency memory switches to
be demonstrated with no DC battery consumption, which can ultimately
lead to longer battery life.
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FOCUS ON PRODUCTIVE WRITING
AND SPEAKING SKILLS

1. Write 3 paragraphs of 250 words describing any of the modern day
achievements in nanotechnology.

2. Prepare a 5-minute talk on one of the following topics. You may
choose any other topic related to nanotechnology which is not on
the list.

1) Major trends in nanotechnology: the current status of the
developments in the field

2) Great potential for applications of nanomaterials

3) Advances and challenges in nanomedicine

4) Nanotechnology in our daily lives

5) Benefits and potential negative impact of nanotechnology

KEY WORDS AND WORD COMBINATIONS

Dimension
exact dimension, overall dimensions, nanodimension, small
dimension

Fabrication
energy-efficient fabrication

Macroscale
macroscale system

Manipulation

Material
conventional material, improved material, nanoengineered
material, nanoscale material, nanostructured material,
programmable material, raw material, structural material;
material behaviour, material processing

Microscale
microscale machine, microscale sensing device, microscale
system

Microtechnology

Nano
nanocoating, nanocluster, nanocomposite, nanocrystal,
nanodimension, nanomaterial, nanomedicine, nanometre,
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nanoparticle, nanoscience, nanosensor, nanoshell, nanostructure,
nanotube, nanowhiskers, nanowire
Nanometre-thick
nanometre-thick metallic layers, nanometre-thick magnetic
layers
Nanoscale
nanoscale array, nanoscale behaviour, nanoscale carrier,
nanoscale device, nanoscale dimension, nanoscale layer,
nanoscale machine, nanoscale object, nanoscale particle,
nanoscale pore, nanoscale probe, nanoscale structure, nanoscale
structuring, nanoscale system, nanoscale-engineered material
Nanosized
nanosized carrier, nanosized particle, nanosized void
Nanostructured surface

Nanotechnology
nanotechnology machines, nanotechnology process,
nanotechnology product, nanotechnology technique

Scale
atomic scale, near-atomic scale, small scale

Self-assembly

Quantum mechanical
quantum mechanical effects, quantum mechanical properties,
quantum mechanical rules



COURSE VOCABULARY

Abandon (v)
absorb (v)
absorption (n)
abundant (adj)
accelerate (v)
accelerator (n)
accompany (v)
accomplish (v)
accomplishment (n)
accord (v) with
in accordance (n) with
according to (prep)
accordingly (adv)
account (n)
on account of (prep)
to take account of
to take into account
account for (phr v)
accretion (n)
accuracy (n)
accurate (adj)
achieve (v)
achievement (n)
acquire (v)
act (n), (v)
action (n)
activity (n)
actual (adj)
actually (adv)
add (v)

addition (n)
in addition (to)
additional (adj)
additionally (adv)
address (v)
adequate (adj)
adequately (adj)
adjacent (adj)
adjust (v)
adjustment (n)
admit (v)
admittedly (adv)
adopt (v)
advance (n), (v)
advanced (adj)
advantage (n)
advent (n)
affect (v)
afterward (adv)
aggregate (n), (v), (adj)
agree (V)
agreement (n)
in agreement with
aircraft (n)
align (v)
alignment (n)
along with (adv)
alongside (adv), (prep)
alter (v)
alteration (n)
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alternate (v), (adj)

alternative (n), (adj)

alternatively (adv)

alternating (adj)
although (conj)
altogether (adv)
ambient (adj)
amenable (adj)
amount (n), (v)
amplification (n)

amplifier (n)
amplitude (n)
analogy (n)

analogous (adj)
analyse/ze (V)

analysis (n) (pl analyses)

analytical (adj)
angle (n)

angular (adj)
annihilate (v)

annihilation (n)
announce (V)

announcement (n)
apparatus (n)
apparent (adj)

apparently (adv)
appear (v)

appearance (n)
apply (v)

applicable (adj)

application (n)

applied (adj)
appreciate (V)

appreciable (adj)

appreciably (adv)

approach (n), (v)
appropriate (adj)
approximate (v), (adj)
approximately (adv)
approximation (n)
arbitrary (adj)
area (n)
argue (v)
arguably (adv)
argument (n)
arrange (V)
arrangement (n)
array (n), (V)
aspect (n)
assembly (n)
associate (v)
to be associated with
association (n)
assume (V)
assumption (n)
assure (V)
asymmetry (n)
asymmetric (adj)
atmosphere (n)
attach (v)
attain (v)
attempt (n), (v)
attract (v)
attraction (n)
attractive (adj)
attribute (n), (v)
available (adj)
availability (n)
average (adj)
avoid (v)
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axis (n) (pl axes)

Background (n)
balance (n)
bandgap (n)
barrier (n)
base (n), (v)
basic (adj)
basically (adv)
to be based on
beam (n)
behave (v)
behavio(u)r (n)
bend (v)
benefit (n), (v)
binary (adj)
bind (v)
binding (n)
bombard (v)
bombardment (n)
bond (n), (v)
bonding (n)
borrow (v)
bound (adj)
boundary (n)
branch (n)
break (v)
break up (phr v)
break into (phr v)
breakdown (n)
breakthrough (n)
bulk (n)
burst (n), (v)

Calculate (v)

calculation (n)
cancel (v)
capable (adj)
capability (n)
capture (n), (v)
carry (v)
carry out (phr v)
carrier (n)
cascade (n), (V)
catalyst (n)
cavity (n)
cavitation (n)
celestial (adj)
certain (adj)
certainly (adv)
chain (n)
challenge (n), (v)
challenging (adj)
chamber (n)
chance (n), (v)
change (n), (v)
changeable (ad))
changeability (n)
character (n)
characteristic (n), (adj)
charecterise/ze (v)
charge (n), (v)
circuit (n)
circulate (v)
circumstance (n)
claim (n), (v)
classify (v)
classification (n)
closure (n)
clue (n)
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cluster (n)
coating (n)
coherence (n)
coherent (adj)
cohesion (n)
cohesive (adj)
collapse (n), (v)
collide (v)
collider (n)
collision (n)
combine (V)
combination (n)
common (adj)
communication (n)
compare (V)
comparison (n)
comparable (adj)
complete (v), (adj)
completely (adv)
completion (n)
complex (adj)
complexity (n)
complicated (ad))
component (n)
composition (n)
compound (n)
compress (V)
compressible (adj)
comprise (V)
compute (V)
computer (n)
conceive (V)
conceivable (adj)
concentration (n)
concern (n), (v)

concerning (prep)
conclude (v)
conclusive (adj)
conclusion (n)
concept (n)
conceptual (adj)
condition (n)
conduct (v)
conductivity (n)
configure (v)
configuration (n)
confine (v)
confinement (n)
confirm (v)
confirmation (n)
conform (v)
congregate (v)
connect (V)
connection (n)
consequence (n)
consequently (adv)
conserve (V)
conservation (n)
consider (v)
considerable (adj)
consideration (n)
consist (v) of/in
consistent (adj)
constant (n)
constitute (v)
constituent (n), (adj)
constraint (n)
construct (v)
construction (n)
constructively (adv)
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consume (V)
consumer (n)
consumption (n)

contain (V)

content (n)

continue (V)
continuity (n)
continuous (adj)

contrary (adj), (n)
contrary to
on the contrary

contrast (n), (v)
by contrast

contract (v)

contribute (v)
contribution (n)

control (n), (V)

convection (n)

conventional (adj)

convert (v)
conversion (n)

convey (V)

core (n)

correct (adj)
correctly (adv)
correction (n)

correlate (v)
correlation (n)

correspond (V)
corresponding (adj)
correspondingly (adv)

corrosion (n)

counterpart (n)

couple (n), (v)
coupling (n)

cover (n), (v)
create (V)
creation (n)
criterion (n) (pl criteria)
critical (adj)
critically (adv)
cross-section (n)
crucial (adj)
crystal (n)
current (n), (adj)
currently (adv)
curve (n), (v)
curvature (n)
cycle (n), (v)
cyclic (adj)

Damage (n), (v)
debate (n), (v)
decade (n)
decay (n), (v)
decide (v)
decision (n)
decompose (V)
deep (adj)
depth (n)
define (v)
defining (adj)
definitively (adv)
deflect (v)
deflection (n)
degradation (n)
deform (v)
deformation (n)
degree (n)
delay (n), (v)
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deliver (v)
delivery (n)
demand (n), (v)
demonstrate (v)
denote (v)
dense (adj)
density (n)
deny (v)
departure (n)
depend (v) on
dependence (n)
depletion (n)
derive (v)
descent (n)
describe (v)
description (n)
design (n), (v)
despite (prep)
destroy (v)
destruction (n)
destructive (adj)
destructively (adv)
detail (n)
in detail
detect (v)
detection (n)
detector (n)
determine (v)
develop (v)
development (n)
device (n)
devise (v)
diagonal (n), (adj)
diameter (n)
differ (v)

difference (n)
different (adj)
differentiate (v)
diffract (v)
diffraction (n)
dilute (v), (adj)
dimension (n)
dimensional (adj)
diminish (v)
diode (n)
direct (v), (adj)
direction (n)
disadvantage (n)
disappear (v)
discover (v)
discovery (n)
discrepancy (n)
discuss (v)
discussion (n)
under discussion
disperse (v)
displace (v)
displacement (n)
display (n), (v)
disrupt (v)
disruptive (adj)
distance (n)
distant (adj)
distinct (adj)
distinctive (adj)
distinguish (v)
distort (v)
distortion (n)
distribute (v)
distribution (n)
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diverse (v)
diversity (n)
divide (v)
division (n)
domain (n)
dominate (v)
dope (v)
dopant (n)
dramatic (adj)
dramatically (adv)
draw (v)
drawback (n)
drastic (adj)
drastically (adv)
drop (n), (v)
dual (adj)
due to (prep)
duration (n)
dwarf (n)
dye (n)
dynamic (adj)
dynamical (adj)
dynamically (adv)
dynamics (n)

Effect (n), (v)
efficient (adj)
efficiently (adv)
efficiency (n)
effort (n)
eject (v)
ejection (n)
elastic (adj)
element (n)
elementary (adj)

eliminate (v)
elusive (ad))
embed (V)
emerge (V)
emit (v)
emission (n)
emitter (n)
empirical (adj)
employ (V)
enable (v)
enclose (V)
encompass (V)
encounter (n), (v)
endure (v)
energy (n)
engineering (n)
enhance (V)
enormous (adj)
ensure (V)
entail (v)
entire (adj)
entirely (adv)
envelope (n)
envelop (V)
environment (n)
envision (v)
enzyme (n)
equal (adj)
equally (adv)
equation (n)
equilibrium (n)
equip (v)
equipment (n)
equivalent (adj)
equivalence (n)
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escape (n), (v)
especial (adj)
especially (adv)
essence (n)
essential (adj)
essentially (adv)
establish (v)
estimate (n), (v)
evaluate (v)
evaluation (n)
evaporate (V)
evaporation (n)
even (adj), (adv)
event (n)
eventual (adj)
eventually (adv)
evidence (n)
evident (adj)
evidently (adv)
evolve (V)
evolution (n)
evolutionary (adj)
exact (adj)
examine (V)
exceed (V)
exceedingly (adv)
excess (n), (adj)
except (v), (prep)
exception (n)
exchange (n), (V)
excite (V)
exciting (adj)
excitation (n)
exclude (v)
exhaust (v)

exhibit (v)
exist (v)
existence (n)
expand (V)
expect (V)
experience (n), (v)
experiment (n), (V)
explain (v)
explanation (n)
explicit (adj)
explicitly (adv)
explode (v)
explosion (n)
exploit (v)
explore (v)
exploration (n)
exploratory (adj)
expose (V)
exposure (n)
express (V)
expression (n)
exquisite (adj)
extend (v)
extension (n)
extent (n)
to some extent
external (adj)
extinction (n)
extract (n), (v)
extraordinary (adj)
extreme (adj)
extremely (adv)

Fabric (n)
fabricate (v)
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fabrication (n)
face (n), (v)
to be faced with
facet (n)
facilitate (v)
facility (n)
fact (n)
in fact
factor (n)
fail (v)
failure (n)
faint (adj)
familiar (adj)
to be familiar with
far-reaching (adj)
favo(u)r (n), (v)
favo(u)rable (adj)
feature (n), (v)
fibre (n)
field (n)
finally (adv)
finite (adj)
fission (n)
fissionable (adj)
flash (n), (v)
flaw (n)
flexible (adj)
flexibility (n)
flow (n), (v)
focus (n), (v)
follow (V)
as follows
the following
force (n), (v)
form (n), (v)

formation (n)
formula (n) (pl formulae)
fortunately (adv)
found (v)

foundation (n)
fraction (n)
fragment (n)
framework (n)
freedom (n)
frequency (n)
fringe (n)
front (n)
fuel (n), (v)
fulfill (v)
function (n), (v)
fundamental (adj)
further (adj), (v), (adv)
furthermore (adv)
fuse (v)

fusion (n)

Gain (n), (v)
gas (n)
gaseous (adj)
gauge (n), (V)
general (adj)
in general
generally (adv)
generalise/ze(Vv)
generate (V)
generation (n)
generator (n)
giant (n), (adj)
goal (n)
govern (V)
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gradient (n) ignore (V)
gradual (adj) illuminate (v)
gradually (adv) illumination (n)
grating (n) illustrate (v)

gravitation (n)
gravitational (adj)
gravity (n)

grid (n)

ground (n), (adj)

guarantee (n), (v)

guide (n), (v)

Hard (adj), (adv)
hardly (adv)

harness (v)

harvest (n), (v)

heat (n), (v)

hence (adv)

hierarchy (n)

hold (v)

hologram (n)

homogeneous (adj)

horizon (n)

however (adv)

huge (adj)

hybrid (n), (adj)

hypothesis (n) (pl hypotheses)
hypothesise/ze (v)
hypothetical (adj)

Idea (n)

ideal (n), (adj)

identify (v)
identification (n)
identity (n)

image (n)

imagine (v)
imbalance (n)
immediate (adj)

immediately (adv)
impact (n), (v)
imply (v)

implication (n)
implode (v)

implosion (n)
impose (V)
improvement (n)
impulse (n)
impurity (n)
incandescent (adj)
incident (adj)
include (v)
incorporate (V)

incorporation (n)
indeed (adv)
independent (adj)

independently (adv)
indicate (v)
individual (adj)
induce (v)

induction (n)
inert (adj)
inevitable (adj)

inevitably (adv)
infer (v)

inference (n)
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influence (n), (v)
ineffective (adj)
initial (adj)
initially (adv)
initiate (v)
initiative (n)
insight (n)
instant (n), (adj)
instantly (adv)
instead (adv)
instrument (n)
integer (n)
integrate (v)
integration (n)
intense (adj)
intensity (n)
interact (v)
interaction (n)
interface (n), (v)
interfere (v)
interference (n)
interferometer (n)
interior (n), (adj)
internal (adj)
interpret (v)
interpretation (n)
intersection (n)
intricate (adj)
intrinsic (adj)
intrinsically (adv)
introduce (v)
invaluable (adj)
invent (v)
invention (n)
inverse (adj), (n)

inversely (adv)
inversion (n)
investigate (v)
investigation (n)
invisible (adj)
invoke (v)
involve (v)
ion (n)
ionise/ze (V)
isolate (v)
isolation (n)

Judge (v)
judg(e)ment (n)

junction (n)

justify (v)

Key (n)
knowledge (n)
knock out (phr v)

Laboratory (n)
lack (n), (v)
largely (adv)
lattice (n)
law (n)
layer (n)
lead (v) to
least (adj), (adv)
at least
level (n)
lifetime (n)
light (n)
likewise (adv)
limit (n),(v)
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limitation (n)
linear (adj)
liquid (n), (adj)
locate (V)
location (n)
longitudinal (adj)
loose (ad))
loss (n)
luminous (adj)
luminosity (n)

Machine (n)
magnet (n)
magnitude (n)
major (adj)
majority (n)
manifest (v)
manifestation (n)
manipulate (v)
manipulation (n)
manner (n)
manufacture (n), (v)
map (n), (V)
match (n), (v)
matrix (n) (pl matrices)
matter (n), (V)
mean (v), (adj)
meaning (n)
means (n)
by means of
meanwhile (adv)
measure (n), (V)
measurement (n)
measurable (adj)
mechanism (n)

mediate (V)
medium (n) (pl media)
melt (v)
mention (n), (V)
merit (n), (v)
method (n)
microscope (n)
microscopic (adj)
minimise/ze (V)
mix (n), (v)
mixture (n)
mode (n)
model (n), (v)
modeling (n)
modify (v)
molecule (n)
molecular (adj)
moment (n)
momentum (n)
motion (n)
moreover (adv)
move (V)
movement (n)
multiply (v)
multiple (n), (adj)
multitude (n)
mutual (adj)
mutually (adv)
mystery (n)
mysterious (adj)

Name (n), (v)
to name a few
namely (adv)
narrow (adj)
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nature (n)
natural (adj)
naturally (adv)
nebula (n) (pl nebulae)
necessary (adj)
neglect (v)
negligible (adj)
neighbo(u)r (n), (v)
neighbo(u)rhood (n)
network (n), (v)
nevertheless (adv)
note (n), (v)
notably (adv)
noteworthy (adv)
notice (n), (V)
notion (n)
notwithstanding (prep), (adv)
number (n)
a number of
numerical (adj)
numerous (adj)

Obey (v)

object (n), (v)

objective (n)

observe (v)
observation (n)

obtain (v)

occasion (n)
occasional (adj)
occasionally (adv)

occupy (V)

occur (v)
occurrence (n)

offer (n), (v)

opaque (adj)
opacity (n)
operate (V)
operation (n)
operational (adj)
opposite (adj)
orbit (n), (v)
order (n), (V)
ordinary (adj)
ordinarily (adv)
organise/ze (V)
orient (V)
orientation (n)
origin (n)
original (adj)
originally (adv)
originate (V)
oscillate (v)
oscillator (n)
otherwise (adv)
output (n)
overall (adj)
overcome (V)
overlap (v)
owing to (prep)
oxide (n)

Pair (n), (adj)
parallel (n), (v), (adj)
parameter (n)
parity (n)
part (n), (v)
in part
partial (adj)
partially (adv)
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participate (V)
particle (n)
particular (n), (adj)
in particular
particularly (adv)
patent (n)
path (n)
pattern (n), (v)
peak (n), (v)
penetrate (v)
percent (n)
percentage (n)
perfect (adj)
perform (v)
performance (n)
period (n)
perish (v)
permanently (adv)
permit (v)
permission (n)
perspective (n)
phase (n)
phenomenon (n) (pl phenomena)
picture (n), (v)
place (n), (v)
to take place
plane (n)
planetary (adj)
plate (n)
point (n)
point out (phr v)
pollute (v)
pollutant (n)
pollution (n)
population (n)

position (n), (v)
possess (V)
possible (adj)
possibility (n)
postulate (v)
potential (n), (adj)
power (n), (V)
powerful (adj)
practice (n), (V)
practically (adv)
precipitate (v)
precise (adj)
precisely (adv)
precision (n)
predict (v)
prediction (n)
prefer (v)
preference (n)
preferable (adj)
preponderance (n)
present (v), (adj)
presence (n)
pressure (n)
presume (V)
presumably (adv)
prevail (v)
prevailing (adj)
prevent (v)
previous (ad))
previously (adv)
primary (adj)
primarily (adv)
principal (adj)
principally (adv)
principle (n)
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probable (adj)
probably (adv)
probability (n)
probe (n), (V)
problem (n)
procedure (n)
proceed (v)
process (n), (V)
processing (n)
produce (v)
product (n)
by-product
production (n)
propagate (v)
propagation (n)
proper (adj)
properly (adv)
property (1)
proportion (n)
proportional (adj)
proportionality (n)
propose (v)
proposal (n)
proposition (n)
prove (v)
proof (n)
provide (v)
provided (that) (conj)
pulse (n), (v)
pure (adj)
purely (adv)
purpose (n)
pursue (v)
push (n), (v)
put forward (phr v)

Quality (n)
qualitative (adj)
qualitatively (adv)
quantity (n)
quantitative (adj)
quantitatively (adv)
quantum (n) (pl quanta)
quantization (n)
quest (n)
question (n)

Radiate (v)
radiation (n)
radiative (adj)

radius (n) (pl radii)

random (adj)
randomly (adv)

range (n)
range (v) from ... to

rapid (adj)
rapidly (adv)

rare (adj)
rarely (adv)

rate (n), (v)

rather (adv)

ratio (n)

raw (adj)

ray (n)

reach (n),(v)

react (v)
reaction (n)
reactor (n)

realise/ze (V)
realization (n)
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realm (n) remove (V)
reason (n), (V) repel (v)

reasonable (adj)
receive (V)
recognise/ze (V)
recognition (n)
record (n), (V)
recording (n)
reconstruct (v)
recreate (V)
reduce (v)
reduction(n)
refer (v) to
to be referred to as
reference (n)
reflect (v)
reflection (n)
regard (n), (V)
in regard to
regarding (prep)
region (n)
relate (v)
relation (n)
relationship (n)
relative (adj)
relatively (adv)
relativity (n)
release (n), (V)
rely (v)
reliable (adj)
remain (V)
remaining (adj)
remarkable (adj)
remnant (n)
remote (adj)

repulsion (n)

repulsive (adj)
replace (V)

replacement (n)
represent (V)

representation (n)
require (V)

requirement (n)
research (n), (v)

researcher (n)
resemble (V)

resemblance (n)
resist (V)

resistance (n)

resistant (adj)
resolve (v)

resolution (n)
resonance (n)

resonator (n)
respect (n)

with respect to

respectively (adv)
respond (V)

response (n)

to be responsible (adj) for
rest (n), (v)

at rest
restrict (v)

restriction (n)
result (n), (v)

as a result

to result from

to result in
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resulting (adj)
retain (v)
reveal (v)
reverse (n), (adj), (v)

reversal (n)
revolve (v)

revolution (n)
rigid (adj)

rigidity (n)
rigorous (adj)
rise (n), (v)

to give rise to
robust (adj)
rotate (V)

rotation (n)
rough (adj)

roughly (adv)
rule (n), (V)

rule out (phr v)

Satisfy (v)
scale (n)
scan (V)
scatter (V)
scattering (n)
scene (n)
scheme (n), (v)
schematic (adj)
scission (n)
search (n), (v)
select (v)
selection (n)
selective (adj)
semiconductor (n)
sense (n), (V)

sensible (ad))
sensitive (adj)
sensitivity (n)
sensor (n)
separate (adj), (v)
separately (adv)
sequence (n)
series (n)
serve (V)
service (n)
set (n), (V)
set up (phr v)
shape (n), (v)
shower (n), (V)
sign (n), (V)
signature (n)
signify (v)
significant (adj)
similar (adj)
similarly (adv)
similarity (n)
simple (adj)
simplify (v)
simplicity (n)
simplification (n)
simulate (v)
simulation (n)
simultaneous (adj)
simultaneously (adv)
single (adj)
site (n)
shell (n)
solar (adj)
solve (v)
solution (n)
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sophisticated (adj) succeed (v) in
source (n) success (n)
species (n) successful (adj)
specify (v) succession (n)
specific (adj) sufficient (adj)
specifically (adv) sufficiently (adv)
spectrum (n) (pl spectra) suggest (V)
spectacular (adj) suggestion (n)
speculation (n) suitable (adj)

spiral (adj)
sphere (n)
spherical (adj)
spontaneous (adj)
stable (adj)
stability (n)
stage (n)
standard (n)
state (n), (V)
statement (n)
stellar (adj)
store (V)
storage (n)
stream (n), (V)
strength (n)
strict (adj)
strictly (adv)
strike (n), (V)
stringent (adj)
study (n), (v)
subject (n), (v)
subject (adj) to
subsequent (ad;j)
subsequently (adv)
substance (n)
subtle (adj)

superimpose (V)
supply (n), (V)
support (n), (V)
surface (n)
surround (v)
survive (V)
survival (adj)
sustain (v)
sustainable (adj)
symbol (n)
symbolise/ze (V)
symmetry (n)
symmetric (adj)
symmetrical (adj)
synthesise/ze (v)

Target (n), (v)
technique (n)
technology (n)
tend (v)
tendency (n)
tension (n)
term (n)
in terms of
theorem (n)
theory (n)
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thereafter (adv)
thereby (adv)
therefore (adv)
thorough (adj)
thoroughly (adv)
through (prep)
threshold (n)
tilt (v)
tiny (adj)
tissue (n)
tool (n)
top (n)
torrent (n)
total (n), (adj)
totally (adv)
transfer (n), (v)
transform (v)
transformation (n)
transition (n)
transmit (V)
transmission (n)
transparent (adj)
transparency (n)
transport (v)
trap (n), (v)
travel (v)
treat (v)
treatment (n)
tremendous (adj)
trend (n)
trigger (n), (v)
true (adj)
truly (adv)
truth (n)
turbulence (n)

turn (n), (v)
in turn

typical (adj)
typically (adv)

Ultimate (adj)
ultimately (adv)
ultraviolet (adj)
uncertainty (n)
undergo (v)
underlie (v)
underlying (adj)
undertake (v)
undulation (n)
unfortunately (adv)
unify (v)
unified (adj)
uniform (ad;j)
unit (n)
universe (n)
universal (adj)
unique (adj)
use (n), (v)
useful (adj)
useless (adj)
utilise/ze (v)

Vacuum (n)

valence (n)

valid (adj)
validity (n)

value (n), (V)
valuable (adj)

vanish (v)

vary (V)
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variety (n)
various (adj)
variable (n)
variation (n)
vehicle (n)
velocity (n)
verify (v)
verification (n)
version (n)
vibration (n)
view (n), (V)
viewer (n)
violate (v)
violation (n)
virtual (adj)
virtually (adv)
visible (adj)

vital (adj)
volume (n)

Wave (n)
wavelength (n)
waste (n), (V)
way (n)

to be under way
weight (n)
whereas (conj)
whereby (adv)
width (n)

Yield (n), (v)

Zone (n)
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