T.M.Ky3nenosa, I'.B.Kupcanosa

English for Students of Optics

Pexomendosarn Yuebno-memooduueckum odseduneHuem no 00pazo8aniro
6 obnacmu aunesucmuxu Munucmepemea o6pazosanus u Hayku Poccutickotl
Dedepayuu 6 Kawecmee yueOHUKA 0451 CMYOEHMO08, 00YHAIOUUXCSL
10 CReUUuanbHOCMU U HANPABACHUAM 6 004ACmU ONIMUKU
U ONMUKO-IAEKMPOHHBIX CUCEM

 AUMANPRESS

o

MockBa

N3OATENBCTBO
MI'TY uM. H. 3. BayMaHa

2015



YK 802.0
BbbK 81.2 Aurin-923

K89

K89

PeueHseHT

npodeccop Kadeapbl JEKCUKOJIOTUN aHIJIMICKOTO sI3bIKa
MOCKOBCKOIO TOCYAapCTBEHHOTO JIMHTBUCTUYECKOTO YHUBEPCUTETA,
KaHa. duion. Hayk, noueHTt M. B. bapunosa

Ky3nenona, T. .

English for Students of Optics : yueonuk / T. M. Ky3nenona, I. B. Kup-
caHoBa. — Mocksa : U3narenabctBo MI'TY um. H.D. baymana, 2015. —
213, [3] c.

ISBN 978-5-7038-3760-3

Y4ebHuk coctout u3 12 Monynei, 00beAMHEHHBIX eAUHON TeMaTUKON 1
BKJIIOUAIOLIMX 3aJaHUsl TTI0 PA3BUTHUIO HABBIKOB Pa3JIMYHbIX BUJOB UYTEHUST U
KOMMYHHUKATUBHBIC YIIPaXKHEHNsI, KOTOPBIC HAIIpaBJICHBI HA pa3BUTHEC yMeE-
HUS 00CyXKIaTh MPOohEeCCHOHAIFHO-OPUEHTUPOBAHHBIC TeMbl. Kaxkmbrit Mo-
IIyJIb CHAOXEH JIEKCUKO-TPaMMaTUYECKUMU YIIPAKHEHUSIMHU 110 TEME MOIYJIS.
B yuyeOHUKe MpUBEAEHBI TOJbKO OPUTHMHATIbHBIE TEKCThl U3 3apyOekKHbBIX
MCTOYHUKOB, CChUIKM HAa KOTOPBIE AaHbI B KOHIIE yueOHuKa. TekcThl A mpen-
Ha3Ha4YeHbI JIS1 U3y4yalolero YTeHUs ¢ LeAblo aKTUBU3alUU JIEKCUKO-TpaM-
MaTUYeCKOTro MaTepuaiia MomyJs; TeKcTol B, C, (D) mmpemycMaTprUBarOT O3Ha-
KOMMTEILHOE 1 IIPOCMOTPOBOE UYTCHNUE, CTUMYJIMPYIOIEe Pa3BUTHUE PEUEBBIX
HaBBIKOB. YUeOHUK CONEPKUT TEPMUHOJOTUUECKHUI CIOBAaph 1 pas3nes C KIIto-
YyaMu.

JIns ctynmeHToB 3-TO Kypca U MarMCTpaHTOB IePBOTO rojaa o0ydyeHusl Mo
cnenuaibHOCTHU «JlazepHble U ONTUKO-3JIEKTPOHHbBIE CUCTEMbI», TPOI0IXKA -
OIINX M3YYCHUE aHIIUICKOTO SI3bIKa. MOXeT OBITh MCHOIB30BaH KaK IJIst
ayIUTOPHBIX 3aHSATHUI, TaK W IJISI CAMOCTOSITEIbHOI PaOOTHI CTyISHTOB.

VK 802.0
BbK 81.2 AHr-923

© Kysneuona T. U., Kupcanona I'. B., 2015
© Odopmaenue. M3natenbcTBO

ISBN 978-5-7038-3760-3 MITY um. H.D. baymana, 2015



INPEANCAOBUE

Llenrro mpemiaraeMoro yaeOHUKA SIBJIsSIETCSI OOy4eHHE CTYIEeHTOB CTap-
IIMX KypCOB CIELUAIBHOCTU <«Jla3epHBIC M OITHUKO-3JICKTPOHHBIE CHUCTE-
MbI» TOHUMAaHMIO M MIEPEBOLY OPUTMHAIBHOIO HayYHOI'O TEKCTA.

Y4eOHUK cocTouT n3 12 Moxyneit, 00beMMHEHHBIX eMMHON TEMaTUKON 1
BKJIIOUAOIIMX TaKue pasnelibl, Kak Reading and discussion («4teHue u 00-
cyxnenue»), Word study («Jlexkcuka»), Grammar revision («I'pammaTuye-
CKUe KOHCTpYKUMU»), Increase your vocabulary («OboramiaemMm cioBapHBIN
3anacr»). Pasnensr Reading and discussion BKIIIOYAIOT 3adaHUS I10 pa3BU-
THIO HAaBBIKOB Pa3JIMYHBIX BUIOB UYTEHUS U KOMMYHUKATUBHBIC YIIpaxKHE-
HUSI, HAaIIpaBJICHHbIC Ha pa3BUTHE YMEHUSI 00CYyXmaTh IIPpodeCcCUOHAIbLHO-
OpUeHTHpOBaHHBIE TIPo0JIeMbl. TekcTel A, (B) mpemHa3zHaueHbl 11T M3yda-
IOIIEeTO YTSHUS U ITOMJIeKaT AeTAIbHON MpopabOTKe ¢ IeIbl0 aKTUBU3ALINU
JIEKCUKO-TpaMMaTndeckoro martepuaina monyisa. Texkctel B, C, (D) mpeny-
CMaTPUBAIOT O3HAKOMHUTEIbHOE W IIPOCMOTPOBOE UYTCHHE, CTUMYIUPYIOIIEe
pa3BUTHE pEeUYEeBBIX HABHIKOB. Kakablii MOmysb CHAOXEeH JIEKCUKO-TpamMMa-
TUYSCKMMU YIPAXKHEHUSIMU 10 TEME MOMYJIS.

Pabore Ham KaxkabIM TEKCTOM ypOKa MPEeAIIeCTByeT U3yYeHUEe TEPMUHO-
Jorndeckoro cioBaps (7erminology), a Takke JIEKCUUYECKHME YIIPaKHEHUS,
CIIOCOOCTBYIONINE 3aKperyieHnIo Jekcuku ypoka (Word study).

Paznen «Urenue u obcyxnenue» (Reading and discussion) BKIIIo4aeT
VIIpaXXHEHUS CASHYIOIINX TUIIOB:

e yIpaXXHEHHUs Ha KOHTPOJIb ITOHUMAaHUs TEKCTa;

e JIEKCMYECKHUEe YIIPaXXHEHUSI, CITOCOOCTBYIOIINE OOOTallleHMUIO CIIOBAPHOTO
3anaca (/ncrease your vocabulary);

e TrpamMMaTHdecKue ynpaxHeHus (Grammar revision), HallpaBJICHHbIE Ha
pacrno3HaBaH1Ee 000POTOB C HEIMYHBIMU (DOpPMaMM IJ1aroJia;
yIIpaXXHEHUSI Ha pa3BUTHE HABHIKOB aHHOTUPOBAHUS;
00CyXIeH1E TeKCTa 1 COCTABJICHME MPE3EHTALIMII TT0 TEME MOIYJIS.

Kaxnpiii Momyib 3aKaHYUBACTCS TOIIOJHUTEILHBIMU 3agaHusaMu (Sup-
plementary reading tasks), KOTOpble BKIIOYAIOT YIPaXKHEHMs 110 paciimd-
poBke Tekcta (Arrange the paragraphs in a logical way vim Unscramble
the text). Takue 3agaHusI CTYACHTHI MOTYT BBIIIOJHSTD B Iapax I10 IIPUHIIM-
ny jigsaw reading.

CrnoBapb, IpUBEISHHBIN B KOHIIE yUeOHMKA, IIOMOXET CTyASHTY B IIOHU-
MaHUM KaK OCHOBHBIX, TaK 1 JTOIIOJIHUTEIbHBIX TEKCTOB M 3aJaHUII MOIYJIS.

ABTOpBI BbIpaxaloT OjarogapHocTh Kadenpe «JlazepHble M ONTUKO-
3JIEKTpOHHBIE cucTteMbl» MITY um. H.D.baymana B nuiie mpodeccopa,
n-pa texH. Hayk B. E. Kapacuka u kaHa. TexH. HayK B. A. Jlazapesa.
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1 Interference | A. Interference Q Functions of ‘that’
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important lasers
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C. Average power scaling
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Supplementary reading

Writing Speaking tasks
Writing an abstract Interference The cause and effect
Written translation Interferometers relationship in vision
The nature of light

Writing an abstract
Written translation

Fresnel and Fraunhofer
diffraction

The correspondence
principle

Huygens’ principle Huygens’ principle
Writing an abstract Polarization A fundamental property
Written translation The principle behind a of anisotropic media

PowerPoint presentation

polarizing microscope
operation

Rainbows

Writing an abstract
Written translation
PowerPoint presentation

Fundamentals of lasers
Types of lasers

469nm fiber laser source
Good fundamentals

Writing an abstract
Written translation
PowerPoint presentation

Laser sources
Semiconductor lasers

Irnee D’Haenens dies;
assisted Maiman in
building the first laser
New camera on Subaru
Telescope may directly
observe exoplanets

Writing an abstract
Written translation
PowerPoint presentation

Properties of lasers
Lasers in space research

New laser equipment
stops snoring and
blindness
Laser-propelled
spacecraft
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C. Laser safety U International words
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lasers: introduction Q Word-building
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systems
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B. Recording and
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C. Denisyuk's discovery
D. Holographic information
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Writing an abstract
Written translation
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Laser operation
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Laser safety

Light is a thing and it
travels from one point to
another.

High-beam switcher
recognizes cars

Written translation
PowerPoint presentation

Optical fibre
communication systems

Production of fiber lasers
in Russia

New sources and fibers
combine to deliver
flexible fiber-optic

lighting
Written translation Holography Applications of
PowerPoint presentation holography

Space holography used

for real-world science
From the history of
holography

Written translation
PowerPoint presentation

Pulsed laser rangefinding
systems

Spaceborne laser radar
Apollo 11 experiment
still going strong after 35
years

Written translation
PowerPoint presentation

Q-switching

Q-switching: the electro-
optic alternative
Q-switching: the dye-cell
alternative
Random-number
generator gets its input
from quantum vacuum
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Nonlinear optics

Choosing a nonlinear
crystal

Features of the BBO
crystal




Module 1 Texts:
INTERFERENCE A. Interference

B. Optical interferometers
C. Elements of the theory of
interference

Grammar revision:

U Functions of ‘that’
U The Gerund

Terminology

interference [ nto'fior(o)ns] — uHTepepeHLIMsI, B3aUMOICIICTBUE;
an interfering beam — nHTEepEPUPYIOIINIT TTYIOK

common ['komon| — o61Mii, OOBIYHBIIA;
a common source — OOIINI UCTOYHUK

disturbance [dr'st3:b(o)ns| — pacnpeneaeHue Mojst BO3MYLIEHUS;
violent ['vaial(e)nt] disturbance — cuabHOE BO3MYILLIEHHUE;
instantaneous [,Instan'teinias] disturbance — MTHOBEHHOE BO3MYILICHUE;
optical disturbance — pacrnpeneiieHr e OTITUYECKOTO TTOJIST

crest [krest] — rpeGeHb BOJIHBI

trough [trof] — momo1Ba BOJIHBI

film [film] — nnénka

propagation [ propa'geif(a)n] — pacnpocrpaHeHHe

superimpose [s()uip(a)rim'pauz] — HakIaAbIBATh (OOHY BOJIHY Ha IPYIYIO);
superposition — HaJOXeHue, CyrnepHo3uLIUs

succession [sok'sef(a)n] — mociaenoBaTeIbHOCTh

validity [vo'lidati] — meiicTBUTENIbHOCTb, 000CHOBAHHOCTh, TOYHOCTD;
rigorous validity — abcomoTHass TOYHOCTD (TIPABUIBHOCTH, 0OOCHOBAH-
HOCTbD)

Word study

1. Read the following international words and translate them
without a dictionary:

manifestation [ manifes'terf(o)n], region ['ri:d3(o)n], corpuscular [ko:'paskjala],
model ['mod(9)l], analogous [o'naelogas], associate (v.) [d'sousiert], [-fiert],
individual [ ndr'vidsusl], coherent [ko(u)'hior(e)nt], monochromatic
[[monokro'meetik], intensity [in'ten(t)soti], situation [sitfu'erf(e)n], combine
[kom'bain], adequate ['eedikwat], geometry [d3(1)'omitri], form [form], analysis
[o'neelasis], analyses (pl.) [o'neelisiiz], electromagnetic [1lektra(u)megnetik],
theory ['O1ar1], character |'keerakts], linear ['lmia].
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2. Read the following words and say which part of speech they
belong to:

a) observation, reflection, propagation, assumption, interpretation,
superposition, succession; disturbance, interference; statement; validity,
linearity, intensity; observer;

b) soapy, linear, careful, analogous, instantaneous, optical, natural,
geometrical;

¢) simultaneously, particularly, precisely, experimentally, practically,
similarly, adequately.

3. Compare the singular and plural forms of the nouns:

phenomenon — phenomena, medium — media, analysis — analyses, datum —
data, maximum — maxima, minimum — minima, axis — axes.

4. Translate the following word-combinations:

soap bubble, soapy water; wave motion, wave superposition, wave model;
light effects, color effects; light intensity, light propagation, light wave;
superposition principle; interference phenomena; common manifestations.

Reading and discussion 1

5. Read Text 14 and answer the following questions.

1. What conditions are necessary for interference to occur?
2. What theory of light propagation provides the interpretation of this

phenomenon?
3. Could you bring the examples of light interference from the text given
below?
Text 1A
INTERFERENCE
| Common Source |
[
| Mirror |
| The same region of space |
| INTERFERENCE |
/ \

Common manifestations | | Interpretation |
Changing colors . . Corpuscular model
of a soap bubble Thin film of oil ‘Wave model of light

PN
Succession of very short pulses | | Shape of light wave |




For many years optics has been divided into three branches: physical,
physiological and geometrical. The expansion of knowledge has led to
modernization of these classical subdivisions, which are now generally referred
to as Optical Physics, Vision and Optical Engineering. Optical Physics is a
very active subject, indeed pursued in most universities and other research
centers.

It has enjoyed rebirth since the invention of the laser in 1960, which is
undoubtedly the most important optical discovery of recent times. Optical
physics includes the study of quantum electronics, partial coherence,
holography, interference, polarization, diffraction, image enhancement,
non-linear optics and similar subjects.

General Considerations

Everyone has noticed the changing colors of a soap bubble, or a thin film
of oil floating on water. These are perhaps the most common manifestations
of interference, a phenomenon that is observed when two or more beams of
light from a common source arrive, along different paths, at the same region
of space. In each of these two cases, the interfering beams are those reflected
at the two surfaces of a thin film — a film of soapy water in air, or a film of
oil between air and water.

The corpuscular model of light does not afford any simple interpretation
of interference phenomena. The wave model, however, suggests a most natural
interpretation. Indeed, the phenomena observed when two light beams are
superimposed are closely analogous to those associated with the superposition
of two surface waves, such as those produced by two pebbles falling into a
pool of water.

A careful observer will notice that in certain regions, where the crest of
one wave arrives simultaneously with the trough of the other, the effects of
the two waves almost cancel, while in other regions, where a crest meets a
crest or a trough meets a trough, the superposition of the two waves produces
a more violent disturbance than do the individual waves. Similarly, in the
region where two coherent monochromatic light beams overlap, there are
places where the light intensity is practically zero and others where it is
particularly strong. The situation is more complicated if white light is used.
As we have already mentioned, white light is a superposition of light of
different colors, each color gives a separate set of maxima and minima, and
these combine to give the color effects mentioned above.

In order to interpret interference phenomena it is necessary to specify the
wave model of light more precisely than we have done so far. We found that
we could account for the phenomena of geometrical optics by assuming that
light waves consist of a succession of very short pulses, without making any
assumptions as to the exact shape of these pulses. However, knowledge of the
shape of light waves, which geometrical optics ignores, is essential for the
interpretation of interference phenomena.

Our analysis of interference phenomena is based upon the superposition
principle, which can be stated as follows: the instantaneous optical disturbance
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at a point where two or more light waves cross is the sum of the optical
disturbances that would be produced by each of the waves separately. This
statement implies that the propagation of a light wave is not affected by the
presence of other light waves in the same medium, the observation that two
light beams whose paths cross in a region of space continue unperturbed
beyond this region is an experimental test of the superposition principle. In
the electromagnetic theory of light the rigorous validity of the superposition
principle for light waves is guaranteed by the linear character of Maxwell’s
equations.

Increase your vocabulary

6. Look through the text above and find equivalents of the following
Russian phrases:

TOHKasI IJIeHKa HedTu, HanboJjiee YacTo BCTpevalolIecs IpOosIBICHUS, 13-
MEHSIIOIIECsT 1IBETa, BHUMATEIbHBII HaOII0IaTellb, HAJIOKEHUE CBETa, I10-
CJIeNoBaTeIbHOCTh MMITYJILCOB, JeaTh MpeanojiokeHue, TodHas ¢dopma,
co3naBaTrh 00Jiee CUIbHOE BO3MYIIIEHUE, MyYK MOHOXPOMATUYECKOTO CBETa
YaCTUYHO COBNAJAIOT, YTOOBI OOBSICHUTH SIBJIEHNE MHTepdEpeHIINMN, OIpe-
JIeIUTh OoJjiee TOYHO, MOCIEIOBATEILHOCTh KOPOTKUX WMITYJIbCOB, 3TO
yTBepKAeHUE O3HavaeT, ypaBHeHUue MakcBea.

7. Complete the sentences below with the appropriate word or
word-combination.

1. The natural interpretation of interference phenomena can be given by
a) a corpuscular theory of light
b) wave model
2. In regions where a crest meets a crest or a trough meets a trough, the
superposition of the two waves produces a violent
a) interference
b) disturbance
3.  White light is a superposition of light of
a) different colors
b) similar colors
4. According to the superposition principle the instantaneous optical
disturbance is a sum of optical disturbances produced by
a) all the waves together
b) each of the waves separately

8. Translate and memorize the definitions below.

Interference is a phenomenon when two or more beams of light from a
common source arrive, along different paths, at the same region of space.
White light is a superposition of light of different colors.

Coherent waves are waves whose phase difference remains constant in time.

11




Grammar revision

9. Translate the sentences into Russian focusing on the functions of
‘that’.

object clause 4TO
conjunction subject clause TO, UTO
that relative clause KOTOPBII
indicative pronoun TOT, Ta, TO, TE
used to substitute for a singular or plural (those) noun

1. That light has many different effects is known to everybody. 2. If sources
have a phase difference that varies rapidly and irregularly with time, they are
said to be incoherent. 3. We found that light waves consist of a succession of
very short pulses. 4. The fact is that optical disturbance is directly related to
the light intensity. 5. The interfering beams are those reflected at the two
surfaces of a thin film. 6. Interference phenomena are similar to those
produced by Fresnel' mirrors. 7. This phenomenon is similar to that mentioned
above. 8. The effects of light are closely analogous to those associated with
waves.

10. Translate the sentences focusing on the use of the Gerund.

by, in measuring | U3Mepsisl, IIyTeM U3MEPEHUsI, IIPU U3MEPEHUN
on (upon), after U3MEPUB, MOCJIE UBMEPESHUSI

without He u3Mepsist, 0e3 U3MEePEHMUSI

before JI0 U3MEPEHUsI, TIpeXae YeM U3MEPUTh

1. The image formed by the returning light can then be observed directly
without being weakened by reflection. 2. The ray in passing from air to water
is refracted towards the normal. 3. Before discussing the results of experiments,
we must state that it is impossible to observe interference between light waves
emitted by independent sources. 4. By measuring the angle between two
mirrors we can determine the distance between two sources. 5. A phenomenon
that is observed in superimposing two or more beams of light is known as
interference. 6. It is impossible to speak about optical disturbance without
mentioning the light intensity. 7. On passing a narrow beam of sunlight

' Augustin-Jean Fresnel ([frer'nel], 1788 —1827), was a French engineer who contributed
significantly to the establishment of the theory of wave optics. Fresnel studied the behaviour of
light both theoretically and experimentally.
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through a glass prism Lomonosov found that the patch of light on a screen
was broadened out into a band of colours: red, orange, yellow, green, blue,
indigo and violet.

11. Answer the questions about Text 1A.

1. What is interference? 2. What are the most common manifestations of
interference? 3. What happens when the crest of one wave arrives simultane-
ously with the trough of the other? 4. In what case can a violent disturbance
be produced? 5. What does the superposition principle state? 6. Does the
presence of other light waves affect the propagation of a light wave? 7. What
confirms the validity of superposition principle experimentally?

12. Translate the following text into English.

YTo0Obl HaAOMIOOATH SIBJEHUS MHTepdepeHLnr, He0OXOAUMO HMCIIOJIb30BaTh
KOrepeHTHbIE MCTOYHUKHM CBETa, T.€. UICTOYHUKM, PA3HOCTh (Pa3 KOTOPIX
MOCTOSIHHA BO BpeMeHU. Takue MCTOUHUKU MOXHO CO3AaTh MyTEeM HCIOIb-
30BaHUS OMHOIO MUCTOYHMKA M €ro M300pakKeHusl WJIM WUCHOJb3ys ABa pas3-
JIMYHBIX N300pakeHUsI OMHOTO 1 TOTO Xe MCTOYHHUKA.

13. Write an abstract of Text 14:

point out the most important information from each paragraph
summarize the information obtained;

use the cliché: ( is/are reported, given, stated)

avoid complex sentences

14. Use the structural scheme on page 9 to speak about
interference.

Reading and discussion 2

15. Skim Text 1B and answer the following questions.

—_

What standard unit is taken for interferometric measurement?

2. What invention widened the possibilities of interferometric
measurements?

3. What are the advantages of hologram interferometry?

Text 1B
OPTICAL INTERFEROMETERS

Optical interferometers are very important scientific tools. The standard
unit of length is based on interferometric measurement using the wavelength
of krypton 86 and our view of the whole world of physics is greatly dependent
on the unit of length. Einstein’s relativity theories were constructed to explain
the results of some very important interferometric experiments made by
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Michelson! and Morley?. The invention of holographic interferometry has in
the last years to a great extent widened the possibilities of interferometric
measurements.

Hologram interferometry can be used for measurement of dimension
deformation, vibration and changes in refractive index. It is a general
agreement that hologram interferometry has the following advantages over
ordinary interferometry: 1) Displacement of non-optical rough surfaces that
scatter light in a diffuse way can be measured with interferometric accuracy
because each small surface defect is compared with its own image. 2) An
object can be compared with itself as it was during earlier exposure. Thus the
dimensions of the object during two or more conditions can be compared.
3) When the measuring object is to be compared with a master® the latter can
be substituted by its holographic image which might make possible a saving of
time and space.

16. Translate Text 1C in writing using a dictionary.

Text 1C

ELEMENTS OF THE THEORY
OF INTERFERENCE

There are two general methods of obtaining beams from a single beam of
light, and these provide a basis for classifying the arrangements used to
produce interference. In one the beam is divided by passing light through
apertures placed side by side. This method, which is called division of wave
front, is useful only with sufficiently small sources. Alternatively the beam is
divided at one or more partially reflecting surfaces at each of which part of
the light is reflected and part transmitted. This method called division of
amplitude can be used with extended sources and so effects may be of greater
intensity than with division of wave front. In either case, it is convenient to
consider separately the effects which result from the superposition of two
beams (two-beam interference), and those resulting from the superposition of
more than two beams (multiple-beam-interference). Historically, interference
phenomena have been the means of establishing the wave nature of light and
today they have important practical uses, for example in spectroscopy and
metrology.

' Albert Abraham Michelson (1852 —1931) was an American physicist known for his work
on the measurement of the speed of light and especially for the Michelson-Morley experiment.
In 1907 he received the Nobel Prize in Physics. He became the first American to receive the
Nobel Prize in sciences.

2 Edward Williams Morley (1838—1923) was an American scientist famous for the
Michelson-Morley experiment.

3 a master [‘maista] — 9TasoH.
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Supplementary reading tasks
The cause and effect relationship in vision

Task 1. Rearrange the paragraphs below in a logical way.

1. How do we see luminous objects?
The Greek philosophers Pythagoras
(b.! ca.?2 560 BC?) and Empedocles of
Acragas (b. ca. 492 BC), who
unfortunately were very influential,
claimed that when you looked at a
candle flame, the flame and your eye
were both sending out some kind of
mysterious stuff, and when your eye’s
stuff collided with the candle’s stuff,
the candle would become evident to
your sense of sight.

2. Despite its title, this chapter is far
from your first look at light. That
familiarity might seem like an
advantage, but most people have never
thought carefully about light and vision.
Even smart people who have thought
hard about vision have come up with
incorrect ideas. The ancient Greeks,
Arabs and Chinese had theories of light
and vision, all of which were mostly
wrong, and all of which were accepted
for thousands of years.

3. Modern people might feel uneasy
about this theory, since it suggests that
greenness exists only for our seeing
convenience, implying precedence over
natural phenomena. Nowadays, people
would expect the cause and effect
relationship in vision to be the other
way around, with the leaf doing
something to our eye rather than our
eye doing something to the leaf. But
how can you tell? The most common
way of distinguishing cause from effect
is to determine which happened first,
but the process of seeing seems to
occur too quickly to determine the
order in which things happened.

4. One thing the ancients did get right
is that there is a distinction between
objects that emit light and objects that
don’t. When you see a leaf in the forest,
it’s because three different objects are
doing their jobs: the leaf, the eye, and
the sun. But luminous objects like the
sun, a flame, or the filament of a light
bulb can be seen by the eye without the
presence of a third object. Emission of
light is often, but not always, associated
with heat. In modern times, we are_
familiar with a variety of objects that
glow without being heated, including
fluorescent light and glow-in-the-dark
toys.

5. Today, photography provides the
simplest experimental evidence that
nothing has to be emitted from your eye
and hit the leaf in order to make it
“greenify.” A camera can take a picture
of a leaf even if there are no eyes
anywhere nearby. Since the leaf appears
green regardless of whether it is being
sensed by a camera, your eye, or an
insect’s eye, it seems to make more
sense to say that the leaf’s greenness is
the cause, and something happening in
the camera or eye is the effect.

6. _Bizarre as the Greek “collision of
stuff theory” might seem, it had a couple
of good features. It explained why both
the candle and your eye had to be present
for your sense of sight to function. The
theory could also easily be expanded to
explain how we see nonluminous
objects. If a leaf, for instance, happened
to be present at the site of the collision
between your eye’s stuff and the
candle’s stuff, then the leaf would be
stimulated to express its green nature,
allowing you to perceive it as green.

I'b. — the written abbreviation of born

2 ca. — the written abbreviation of circa ['s3ka] (=about)

3 BC — 1o Hameii apbl

15



Task 2. Choose correct definitions for these words and expressions

(underlined in the text).

Para 2:

to come up with means (a) to reach a particular standard, (b) to think
of an idea, (c) to have to deal with problems or difficulties;

Para 4:

to get right means (a) to put exactly in a particular position or place,
(b) to begin doing something immediately, (c¢) to understand
correctly;

to be familiar with means (a) to be able to recognize, (b) to speak in
an informal or friendly way, (c¢) to have a good knowledge or
understanding of something;

a variety of means (a) a lot of things of the same type that are different
from each other in some way; (b) a particular type of person or thing;
(c) consisting of or including many different kinds of things or people;

Para I:

luminous means (a) large, heavy, and lumpy, (b) very famous or highly
respected, (c¢) shining in the dark;

stuff means (a) things (such as substances, materials, or groups of
objects) when you do not know what they are called, or it is not
important to say exactly what they are; (b) the people who work for an
organization, (c) the qualities of someone’s character;

Para 6:

bizarre means (a) too full of small details, (b) an occasion when a lot
of people sell different things to collect money for a good purpose, (c)
very unusual or strange;

Para 3:
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Jfeel uneasy means (a) not to feel worried or anxious, (b) to be worried
or slightly afraid (c) to feel comfortable or relaxed;

to imply means (a) to suggest that something is true or that you feel or
think something, without saying so directly, (b) to fix an idea, attitude,
etc. firmly in somebody’s mind, (c) to ask somebody to do something
in an anxious way because you want or need it very much;

precedence over means (a) an official action or decision that has
happened in the past and that is seen as an example or a rule to be
followed, (b) the job of being president of a country or an organization,
(c) the condition of being more important than somebody or something
else;




rather than means (a) instead of something, (b) fairly or to some
degree, (c) more than a little, but not very;

Para 5:

regardless of means (a) paying no attention to somebody or something;
treating somebody or something as not being important, (b) concerning
somebody or something, (c) without being affected or influenced by
something;

to make sense means (a) to behave in a sensible way and do what is
best in some situation, (b) to understand something, especially
something difficult or complicated, (c) to have a clear meaning and be
easy to understand.



Module 2 Texts:
DIFFRACTION A. Diffraction

B. Fresnel and Fraunhofer
diffraction
C. The concave grating

Grammar revision:

Q The Participle, the Absolute
Participle Construction
0 Modal Verbs

Terminology

rectilinear [rektr'linio] propagation [propa'geif(e)n] of light — mpssmonm-
HEHOe pacIpoCTpaHEeHNE CBETA;
the law of rectilinear propagation of light — 3akoH TIpsIMOJIIMHEITHOTO
pacmpocTpaHeHHUsI CBeTa

to depart [dr'pa:t] — oTcTymnaTh;
departures [dr'pa:tfoz] from the law — orcTynaeHusT oT 3aKoHa

an obstacle ['obstokl] — npensiTcTBUE, IPEAMET;
opaque [o'pelk] obstacles — Hempo3padHble TPEAMETHI

to encounter [mn'kaunta] obstacles — HaTaJIKUBaThCcs Ha (BCTpeYaTh) Ipe-
MSITCTBUS

to bend (bent — bent) around obstacles — orub6aTh IPEHSITCTBUS

blurred [bl3:d] boundaries ['‘baund(9)riz] — pacribiBYaThIe TPAHULIBL,
HEsSICHBIC OYepPTaHUSI

luminous ['lurminas] — cBeTsIIUIiCS

a light bulb ['laitbalb] — smekTpryeckas jamia;
a distant light bulb — ymanénnasa ameKTpryeckas JamIia

to perceive [pa'sitv] — BoCIIpMHUMATD, Pa3IndaTh

Word study

1. Read the following words and translate them without a
dictionary:

diffract [dr'freekt], diffraction [dr'freek[(e)n], diffracted [dr'frektid];
concentrate ['’kons(o)ntreit], concentration [kons(ao)n'trerf(o)n], concentrated
['kon(t)s(e)ntrertid]; identify [ar'dentrfar], identification [a1dentifi’kerf(o)n],
identical [ar'dentik(a)1]; compute [kom'pjuit], computation [kompju'terf(o)n],
computed [kom'pju:tid]; correct [ko'rekt], correctly [ko'rektli]; ideal [ar'dial],
ideally [ar'dialr]; spectrum ['spektrom], spectra ['spektra]; material [ma'trorral]
(n., adj.); resultant [rT'zAlt(a)nt]; phase [fe1z]; discrete [dr'skrizt]; sinus ['samnas],
sinusoidal [saina'sord(9)l].
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2. Read and translate the following word-combinations:

light — light streaks, a light source, an electric light bulb, monochromatic

light, non-monochromatic light;

wave — primary waves, secondary waves, interfering waves, sinusoidal waves;

source — an ideal point

source,

a monochromatic light

surface — an arbitrary surface, an auxiliary surface, a wave surface.

source;

3. Translate the word-combinations below avoiding the preposition

€

of ’:

SIBJICHUST OUdpaKInu,

O4YepTaHMUsSI TOPHI,

CUJIbHBIA HCTOYHUK CB€TA,

QJICKTpHUYECKad JIaMIia, I/IHTCp(I)epeHLII/ISI BTOPMYHBIX BOJIH, CUHYCOMAAJIbHBIC
BOJIHBI, UCTOYHUK CMHYCOMNJAJIbHbIX BOJIH, I/IHTde)CpCHHI/IH CUHYCOMOATbHBIX

BOJIH, Teopusl HUPPaKINH,
BOJIHOBASI IIOBEPXHOCTb.

NCTOYHUK MOHOXPOMATHUYECKOIro CB€Ta,

4. Find equivalent phrases either in Text 2A or in the right-hand

column:

1) Mo cpaBHEHUIO C AJIMHOI BOJHBI

a) to treat monochromatic light as

2) saBICHUSIMU TUGPAKIINUA OOBICHSICTCS

b) to take optical disturbance into
account

3) moJry3aKphITBIMU (TTPUIILYPEHHBIMMT)
riazaMu

¢) beyond the surface

4) obiue nojoxeHus Teopuu ltoiireHca

d) infinitesimal intensity

5) yUYUTBIBATh BOJIHOBOE BO3MYILCHUE

e) to compute the resultant dis-
turbance

6) paccMaTpUBaTh HEMOHOXPOMATH -
YeCKUM CBET KakK

f) compared with the wave length

7) 3a mpeaeaamMu MOBEPXHOCTU

g) an infinite number of interfering
waves

8) 4TOOBI BEIYUCIUTD MOJTYYEHHOE
BOJIHOBOE BO3MYIIIEHUE

h) general concepts embodied in
Huygens’ principle

9) 6ecKOHEYHOE YMCI0 MHTEepdepupyro-
XX BOJIH

i) with half-shut eyes

10) 6eckoHeyHO MaJjiasi MUHTEHCUBHOCTb

j) diffraction phenomena are
responsible for

Reading and discussion 1

5. Read Text 24 and answer the questions below.

hadiadia

What examples of diffraction phenomena are listed in the text?
In what way can diffraction phenomena be explained?
What methods can be used for computing optical disturbance?
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Text 2A
DIFFRACTION

| Opaque obstacles |
|
| Blurred boundaries |
|
Rectilinear propagation |——| Departures from the law |——| DIFFRACTION |

|Manifestations| | Interpretation |
' I L | Principle of Huygens-Fresnel |
Luminous border Light Colored
of a mountain streaks spectra

The law of rectilinear propagation of light is not rigorously correct. To
some extent, light bends around opaque obstacles, so that shadows always
have slightly blurred boundaries, even in the limiting case of an ideal point
source. These departures from the law of rectilinear propagation of light are
known as diffraction phenomena. They are not very conspicuous because the
dimensions of the obstacles that light encounters along its path are usually
large compared with the wavelength. However, they are part of our common
experience. Diffraction phenomena are responsible for the intensely luminous
border that outlines the profile of a mountain a few seconds before the sun
rises behind it. The light streaks that we perceive when we look at a strong
and concentrated light source with half-shut eyes are due to diffraction. The
colored spectra, arranged in the pattern of a cross, that we see when we look
at a distant electric light bulb through a piece of thin, closely woven material
are again diffraction phenomena.

We can explain diffraction phenomena by making use of the general
concepts embodied in Huygens" Principle. However, it will no longer suffice
to work out the consequences of Huygens’ Principle for the limiting case of
infinitely short pulses. It will be necessary, instead, to take the actual form of
the optical disturbance into account, and consider in detail how the secondary
waves interfere with one another at various points of space. The results are
simplest in the case of sinusoidal waves. We shall therefore begin by developing
the theory of diffraction for monochromatic light and then treat non-
monochromatic light as a superposition of sinusoidal waves of different
wavelengths.

For the special case of sinusoidal waves, Huygens’ Principle may be stated
as follows. Consider an arbitrary surface surrounding a source of monochromatic

' Christian Huygens [hoiganz], FRS (1629 — 1695) was a prominent Dutch mathematician,
astronomer, physicist and horologist. His work included early telescopic studies elucidating the
nature of the rings of Saturn and the discovery of its moon Titan, the invention of the pendulum
clock and other investigations in timekeeping, and studies of both optics and the centrifugal
force.
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light. The various points of the surface behave as virtual secondary sources of
sinusoidal waves, and the optical disturbance beyond the surface results from
the interference of these waves.

This formulation of Huygens’ Principle was first given by Fresnel and is
known as the principle of Huygens-Fresnel. The frequency of the secondary
sources is, of course, identical with that of the primary wave and their phase
relations are determined by the relative phases of the primary wave at the
points where the secondary sources are located. If, in particular, the auxiliary
surface is a wave surface, then the secondary sources are all in phase with one
another.

To compute the resultant disturbance, we can use the methods for the
addition of sinusoidal functions. In the present application, however, we shall
be faced with the problem of dealing with an infinite number of interfering
waves, each having an infinitesimal intensity, while in the study of interference
phenomena we had to consider only a finite number of interfering waves of
finite intensity or, at most, a discrete series of such waves.

Increase your vocabulary

6. Use the structural scheme and word-combinations in ex. 4 to
translate the sentences.

1. DTH OTCTYILIEHUS OT 3aKOHA MPSIMOJUMHENHOro pacIpoCTpaHEeHUsI CBeTa
U3BECTHbI KaK SIBJIEHUS TUPpaKLIUU.

2. SBaeHus audpakuuu MOXHO OOBSICHUTb, MCIOAb3YSI TIPUHLMIT
ToiireHca.

3. SdBneHusmu audpakiuy OOBSICHSIIOTCS MOJIOCKU CBETa, KOTOPbIE MbI
BUJIUM, KOTJa CMOTPUM Ha CUJIbHBIM MCTOYHUK CBETa MPUILYPEHHBIMU
mia3aMu.

7. Match the synonyms:

to encounter, to determine, to take into account, to be located, to perceive, to
develop, to result from, to explain, to result in, to consider, to see, to deal
with, to work out, to be due to, to compute, to be responsible for, to take into
consideration, to be situated, to meet, to interpret.

Grammar revision
8. For each verb below make five forms of the Participle. What
are the functions of the Participle?

to give, to compare, to explain, to consider, to develop, to determine, to
compute, to perceive, to arrange, to encounter.

9. Translate the sentences concentrating on the forms and functions
of the Participle.

1. Optics is a branch of science studying in particular the processes of light
radiation and propagation in different media. 2. While studying optics at
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BMSTU students of optics learn to design various optical instruments. 3. It
was not until 1690 that Huygens published his major work on the wave theory
of light worked out as early as 1678. 4. We have just considered an arbitrary
surface surrounding a source of monochromatic light. 5. Having made use of
Huygens’ Principle and the principle of Huygens—Fresnel, Fresnel developed
the light diffraction theory in 1818. 6. Basing on Maxwell’s laws Fresnel
developed the equations for reflection and refraction. 7. When used in an
optical instrument, the doubling of the image is not perceptible to the eye.
8. When seen through a prism, a small white object appears as a spectrum
with the violet end the most deviated. 9. Substances differ widely in their
properties varying from almost perfect transparency to almost perfect
opacity.

10. Translate the sentences that follow paying attention to the
position of the Absolute Participle Construction.

1. The experiment being performed at night, each experimentator was provided
with a lantern'. 2. When looking at a concentrated light source with half-shut
eyes we perceive light streaks, the latter being due to diffraction. 3. We dealt
with an infinite number of interfering waves, each having an infinitesimal
intensity. 4. After due? consideration a different method was employed, the
lens being placed between the slit and the revolving mirror. 5. An optical
instrument making use of only a limited portion of a wave front, it is evident
that a clear comprehension of the nature of diffraction is essential for a
complete understanding of practically all optical phenomena. 6. Problems of
diffraction are of great importance in engineering, diffraction imposing
limitations® on system performance.

11. Read and translate the following sentences focusing on modal
verbs denoting obligation.

1. While studying interference phenomena we had to consider only a finite
number of interfering waves of finite intensity. 2. It should be noted that the
law of rectilinear propagation of light is not rigorously correct. 3. Light waves
are so small, however, that this bending or diffraction takes place to an extent
so minute that special precaution have to be taken to observe it. 4. The object
whose hologram is to be obtained is illuminated with a laser beam. 5. The
wave and particle properties of light are to be regarded as complementary*
rather than antagonistic, each being correct when dealing with the phenomena
in its own domain. 6. Before obtaining the algebraic relations we must make
certain conventions concerning the sign to be attributed to the quantities
considered. 7. If the earth were at rest, the telescope would have to be aimed
directly at the star, but since the earth is actually in motion the telescope
must be inclined at an angle Q in order that the star may be seen. 8. In the
experiment to measure the velocity of light two experimentators were to take

! a lantern ['lenton] — poHapb

2 due — COOTBETCTBYIOIIWM, HaIIEXKAIIUMA
3 impose [1m'pauz] limitations — HakJ1aabIBATh OrpaHUYEHUS
* complementary [ komplI'ment(2)ri] — B3aMMOIOIOTHAIOLIMIA
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part. One man was first to uncover his lantern, and observing this light from
this lantern, the second was to uncover his.

12. Answer the question about Text 2A.

1. What are the most common manifestations of diffraction? 2. What theory
could be used to interpret diffraction phenomena? 3. What is non-
monochromatic light according to the text? 4. State the Principle of Huygens-
Fresnel. 5. What does the optical disturbance beyond the surface surrounding
a source of monochromatic light result from? 6. What method can be used to
compute the resultant disturbance?

13. Write an abstract of Text 2A ‘Diffraction’.

14. Use the structural scheme on page 20 to speak about
diffraction.

Reading and discussion 2

15. Skim Text 2B and answer the following questions.

1. Under what conditions do Fresnel and Fraunhofer diffraction takes place?
2. Why is it necessary to distinguish between them?

Text 2B
FRESNEL AND FRAUNHOFER! DIFFRACTION

Let us consider the light reaching points on a screen when a diaphragm
having a small opening is placed between the screen and a distant point
source. According to geometrical theory the edges of the opening cast a
shadow on the screen and no light is found within the shadow.

It is customary to distinguish between two cases. When the screen is
relatively close to the opening we consider those portions of the secondary
waves that travel toward a specified point and speak of Fresnel diffraction. If
the screen is relatively far from the opening, the lines from various surface
elements in the opening on the screen are nearly parallel. We then consider
those portions of the secondary waves that leave the opening in a specified
direction, and speak of Fraunhofer diffraction. Fraunhofer diffraction occurs
also if a lens is placed just beyond the opening, since a lens brings to a focus
at a point in its focal plane all light traveling in a specified direction.

There is of course no difference whatever in the nature of the diffraction
process in the two cases, and Fresnel diffraction merges gradually into
Fraunhofer diffraction as the screen is moved away from the opening. But the
character of the diffracted beam is considerably different in the two cases, so
it is useful, although not necessary, to distinguish between them.

' Joseph Fraunhofer (1787 —1826) was a German optician known for the discovery of the
dark absorption lines (Fraunhofer lines) in the Sun’s spectrum, and for making excellent
optical glass and achromatic telescope objectives.
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16. Translate Text 2C in writing using a dictionary.
Text 2C
THE CONCAVE GRATING

The plane grating requires the use of two lenses, the first to render parallel
the light incident on the grating, and the second to bring the diffracted rays to
a focus. These lenses add to the complexity of a spectrograph, and furthermore,
if investigations are to be made in the ultraviolet, the lenses may have to be
made of some material other than glass since ordinary optical glass is not
transparent much outside the visible spectrum. Both lenses may be dispensed
with in the concave reflection grating. A concave grating is ruled on a polished
concave spherical surface, the rulings being the intersections with the surface
of equidistant planes parallel to the principal axis of the surface. The surface
acts at the same time both as a grating and as a concave mirror.

Supplementary reading tasks

Task 1. Match the words and word-combinations in the left-hand
column (underlined in the text below) with their definitions in the right-
hand column:

1) deal with a) whatever happens or happened
2) to contradict b) a mistake or problem in an argument, plan, set of
ideas etc.

3) (to cast) a shadow | c¢) based on what is reasonable or sensible

4) in any case d) to disagree with something, especially by saying that
the opposite is true

5) valid e) close to the exact number, amount etc., but could be
a little bit more or less than it [= rough; # exact]

6) a flaw f) not clear in shape or sound [=blurred]

7) approximate g) to take the necessary action, especially in order to
solve a problem [= handle]

8) (to be) specific h) the dark shape that someone or something makes on
a surface when they are between that surface and the
light

9) fuzzy i) detailed and exact

The correspondence principle

The only reason we don’t usually notice diffraction of light in everyday
life is that we don’t normally deal with objects that are comparable in size to
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a wavelength of visible light, which is about a millionth of a meter. Does this
mean that wave optics contradicts ray optics, or that wave optics sometimes
gives wrong results? No. If you hold three fingers out in the sunlight and cast
a shadow with them, either wave optics or ray optics can be used to predict
the straightforward result: a shadow pattern with two bright lines where the
light has gone through the gaps between your fingers. Wave optics is a more
general theory than ray optics, so in any case where ray optics is valid, the
two theories will agree. This is an example of a general idea enunciated by the
physicist Niels Bohr!, called the correspondence principle: when flaws in a
physical theory lead to the creation of a new and more general theory, the
new theory must still agree with the old theory within its more restricted area
of applicability. After all, a theory is only created as a way of describing
experimental observations. If the original theory had not worked in any cases
at all, it would never have become accepted.

In the case of optics, the correspondence principle tells us that when A /d
is small, both the ray and the wave model of light must give approximately
the same result. Suppose you spread your fingers and cast a shadow with
them using a coherent light source. The quantity A /d is about 10 2, so the
two models will agree very closely. (To be specific, the shadows of your fingers
will be outlined by a series of light and dark fringes, but the angle subtended
by a fringe will be in the order of 10~ radians, so they will be invisible and
washed out by the natural fuzziness of the edges of sun shadows caused by the
finite size of the sun.)

Task 2. Rearrange the paragraphs below in a logical way.
Huygens’ Principle

1. Thomas Young?® (1773 —1829) was the
person who finally, a hundred years
later, did a careful search for wave
interference effects with light and
analyzed the results correctly. He
observed double-slit diffraction of light
as well as a variety of other diffraction
effects. The crowning achievement was
the demonstration by the experimentalist
Heinrich Hertz* and the theorist James
Clerk Maxwell that light was an
electromagnetic wave. Maxwell is said
to have related his discovery to his wife
one starry evening and told her that she

2. The history is interesting. Isaac
Newton’ loved the atomic theory of
matter so much that he searched
enthusiastically for evidence that light
was also made of tiny particles. The
paths of his light particles would
correspond to rays in our description;
the only significant difference between a
ray model and a particle model of light
would occur if one could isolate
individual particles and show that light
had “graininess” to it. Newton never
did this, so although he thought of his
model as a particle model, it is more

' Niels Henrik David Bohr (1885 — 1962) was a Danish physicist who made foundational
contributions to understanding atomic structure and quantum mechanics, for which he received
the Nobel Prize in Physics in 1922. Bohr mentored and collaborated with many of the top
physicists of the century at his institute in Copenhagen. He was part of the British team of
physicists working on the Manhattan Project.

2 pronounced: ten to the minus fourth power

3-5Cm. c. 26
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was the only person in the world who
knew what starlight was

accurate to say he was one of the
builders of the ray model.

3. Almost all that was known about
reflection and refraction of light could
be interpreted equally well in terms of a
particle model or a wave model, but
Newton had one reason for strongly
opposing Huygens’ wave theory.
Newton knew that waves exhibited
diffraction, but diffraction of light is
difficult to observe, so Newton believed
that light did not exhibit diffraction,
and therefore must not be a wave.
Although Newton's criticisms were fair
enough, the debate also took on the
overtones of a nationalistic dispute
between England and continental
Europe, fueled by English resentment
over Leibniz’s supposed plagiarism of
Newton's calculus. Newton wrote a
book on optics, and his prestige and
political prominence tended to
discourage questioning of his model.

4. Returning to the example of double-
slit diffraction, f, note the strong visual
impression of two overlapping sets of
concentric semicircles. This is an
example of Huygens’ principle, named
after a Dutch physicist and astronomer.
(The first syllable rhymes with “boy.”)
Huygens’ principle states that any
wavefront can be broken down into
many small side-by-side wave peaks, g,
which then spread out as circular
ripples, h, and by the principle of

superposition, the result of adding up
these sets of ripples must give the same

result as allowing the wave to propagate
forward, i. In the case of sound or light
waves, which propagate in three
dimensions, the “ripples” are actually
spherical rather than circular, but we
can often imagine things in two
dimensions for simplicity.

5. Since Huygens’ principle is
equivalent to the principle of
superposition, and superposition is a_
property of waves, what Huygens had
created was essentially the first wave
theory of light. However, he imagined
light as a series of pulses, like hand
claps, rather than as a sinusoidal wave.

6. In double-slit diffraction the
application of Huygens’ principle is
visually convincing: it is as though all
the sets of ripples have been blocked
except for two. It is a rather surprising
mathematical fact, however, that
Huygens’ principle gives the right result
in the case of an unobstructed linear
wave, h and i. A theoretically infinite
number of circular wave patterns
somehow conspire to add together and
produce the simple linear wave motion
with which we are familiar.

3 Thomas Young (1773 —1829) was an English polymath. Young made notable scientific
contributions to the fields of vision, light, solid mechanics, energy, physiology, language,
musical harmony, and Egyptology. He "made a number of original and insightful innovations"
in the decipherment of Egyptian hieroglyphs (specifically the Rosetta Stone).

4 Heinrich Rudolf Hertz (1857 —1894) was a German physicist who clarified and expanded
James Clerk Maxwell's electromagnetic theory of light, which was first demonstrated by David
Edward Hughes using non-rigorous trial and error procedures. The scientific unit of frequency —
cycles per second — was named the "hertz" in his honor.

> Sir Isaac Newton PRS MP (1642—1727) was an English physicist, mathematician,
astronomer, natural philosopher, alchemist and theologian, who has been considered by many
to be the greatest and most influential scientist who ever lived.
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Task 3. Match the words and expressions (underlined in the text)
with their definitions:

1) a theorist

a) the material that everything in the universe is made of,
including solids, liquids, and gases

2) to relate to

b) a branch of advanced mathematics which deals with
variable quantities

3) made of ¢) a shape or pattern that looks like a wave
4) matter d) to extend over so as to cover partly
5) tiny e) produced, for example by putting the different parts

together

6) in terms of

f) half a circle

7) to exhibit

g) to seem to be working together to bring about a particular
result

8) calculus

h) to show how two different things are connected

9) to question

i) to separate something into smaller parts so that it is easier
to do or understand

10) to overlap

j) used to say that lots of small amounts gradually make a
large total

11) a semicircle

k) to have or express doubts about whether something is true,
good, necessary etc.

12) to break
down into

1) a quality or power that a substance, plant etc has

13) ripples

m) someone who develops ideas within a particular subject
that explain why particular things happen or are true

14) superposition

n) from a particular point of view

15) to add up

0) to spread

16) to propagate

p) to clearly show a particular quality, emotion, or ability

17) a property

q) putting one picture, image, or photograph on top of
another so that both can be partly seen

18) to conspire

r) extremely small

Task 4. Compare what you have learnt about diffraction and
Huygens’ Principle from the above text with what you found out from

Text 2A.
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Module 3 Texts:
POLARIZATION A. Polarization of light waves

B. A polarizing microscope
C. Wiener’s method

Grammar revision:

Q the Infinitive, complexes with
the Infinitive

Terminology

polarization [ poul(s)rar'zeif(e)n] — nonusipusanusi;
linear ['liia] polarization — JuHelHAas1 MOJSIPU3ALUAST
polarizing ['poul(s)raizin] filter — mosipU3aLIMOHHBINA (UIETP (MOISIPU3ATOP);
sheet polarizer ['paulsraize]— IJIeHOYHBII (JINCTOBOI1) MOJSIPU3ATOP
analyzer [e&n(9)'laizo] — aHanM3aTOp, AUCIIEPCUOHHAS TIpU3Ma
to oscillate ['ssilert] — kosebaTbes, BUOPUPOBATH;
oscillation [osr'lelf(a)n] — KojebaHue, KayaHUE;
oscillating ['osilertiny] function — GyHKIMS KoJaebaHU, OCLUUIUPYIO-
mast pyHKUIuns
transparency [treen'speer(9)nsi| — IIpo3pavyHOCTB;
transparent [treen'speer(a)nt] — npo3padHblil, MPOCBEYNBAIOLLIMIA
incandescent [nken'des(o)nt] lamp — naMmna HakaJIMBaHUS
transverse [treenz'vsis| — IonepeyHbIi
to absorb [ob'zo:b] — moriomaTh, BIUTHIBATD;
absorption [ab'zo:pf(9)n| — nmomiolieHUE
axis ['eksis] (pl. axes ['eksiiz]) — ocb;
transmission [treenz'mif(a)n] axis — ocbk MPONyCKaHUsI
incident ['insidont] light — nagaroLmii cBET
optical vector — 3JIeKTpUYECKUIL BEKTOP
to emerge [1'm3:d3] from — NMOABIATLCS, BEIXOOUTH U3

Word study

1. Read and translate the following words without a dictionary:

function ['fapkf(e)n], position [pa'zif(a)n], vector ['vekts], component
[kom'paunant], plastic ['pleestik], detail ['disterl], vibration [varbreif(a)n];
scalar ['skeils], parallel ['peeralel], physical ['fizik(a)1], equivalent [1kwiv(a)lant],
microscopic [,maikra'skopik], ordinary ['a:d(a)n(o)ri1], isotropic [,arsou'tropik],
approximate [a'proksimat].
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2. Read and translate the adjectives below, pay attention to their
affixes:

a) finite — infinite; regular — irregular;

b) coherent — incoherent; polarized — unpolarized;

¢) distinguishable, appreciable, incandescent, resultant, angular,
perpendicular.

3. Read and translate the word-combinations below:

direction — preferred direction, intermediate direction, direction of
propagation;

quantity — vector quantity, scalar quantity;

plane — vibration plane, plane polarization, plane-polarized light, plane light
wave.

4. Find equivalent phrases either in Text 34 or in the right-hand
column:

1) B onpenenéHHbIX ciydasix a) in more detail

2) UCCIemOBaTh MIPUPOIY b) to keep in a fixed position

3) ¢ Apyroii CTOpOHBI ¢) some distinctive property

4) OTIMYUTEbHbIE OCOOEHHOCTU d) from the above considerations

5) U3rOTOBJIEHUE COJTHIIE3ANIUTHRIX | €) to inquire into the character of

OYKOB
6) mepKaTb HEITOABMXKHO f) closely obeys a law
7) CTPOro MOAYMHSIETCST 3aKOHY g) the manufacture of sunglasses
8) HampaBlieHre KOTOPOro He h) on the other hand

COBIIAOacT C

9) 6oJiee moagpoOHO i) in certain cases

10) u3 BBIIIIECKa3aHHOTO j) whose direction does not coincide with

Reading and discussion 1

5. Read Text 34 and answer the following questions.

What example can be used to explain the phenomenon of polarization?
What is the main essence of Malus law?
What light wave is called linearly polarized?

el
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Text 3A
POLARIZATION OF LIGHT WAVES

| Ordinary light source |—>| Natural light |—>| Polarizer |—>| Linearly-polarised light |
[ 1 ¥

| Incandescent lamp | | Angular position | | Analyser |
1]
Transmitted intensity |

By the study of interference and diffraction we have learned that the
optical disturbance is a rapidly oscillating function of time whose form, in
certain cases, approximates that of a sinusoidal function. However, we have
not yet inquired into the character of the optical disturbance.

It is clear that, if optical disturbance is a scalar quantity, or if it is a vector
parallel to the direction of propagation, all planes through the same light ray
are physically equivalent. If, on the other hand, the disturbance is a vector
pointing in a direction different from the direction of propagation, the plane
combining this vector might be expected to possess some distinctive
property.

The question thus arises whether the infinite numbers of planes passing
through the same light ray are physically distinguishable. This question can
be answered by a simple experiment with a sheet polarizer, which is a sheet of
transparent plastic widely used, e.g., in the manufacture of sunglasses. Let us
hold a sheet polarizer before our eyes and look through it at a light source
such as an incandescent lamp. If we rotate the sheet in its own plane, we
notice no change in the light intensity. We now place a second sheet polarizer
between the light source and the eye. If we rotate the second sheet in its own
plane, keeping the first in a fixed position, we find the light intensity to
change periodically. The intensity is practically zero at two angular positions
of the second sheet 180° apart, and it is a maximum at angular positions half-
way between. If we actually measure the intensity 7 of the light that emerges
from the second sheet polarizer, we find that it closely obeys a law of the
following type:

1 = I,c0s%0;,

where /, is the initial intensity, and ©; is the angle between the light's initial
polarization direction and the axis of the polarizer. This law expressed is
called the Law of Malus!.

The very fact that the transmitted intensity depends on the angular
position of the second sheet proves that the optical disturbance is a vector
quantity, whose direction does not coincide with the direction of propagation.
We shall call this vector the optical vector. To explain in a natural way the
details of the above experiment, as well as many other observations, it is

I Etienne-Louis Malus (1775—1812) was a French officer, engineer, physicist, and
mathematician. He participated in Napoleon’s expedition into Egypt (1798 to 1801) and was a
member of the mathematics section of the Institut d’Egypte. His name is one of the 72 names
inscribed on the Eiffel tower.
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necessary to assume that the optical vector of a plane light wave propagating
in an isotropic medium is perpendicular to the direction of propagation.

From the above considerations, there develops the following picture.
Light waves are transverse waves. In the light coming from an ordinary light
source, the optical vector changes direction rapidly and irregularly with time,
while it always remains perpendicular to the direction of propagation. As we
shall discuss later in more detail, this behavior is due to the incoherent
superposition of the optical disturbances coming from the many microscopic
sources that form any ordinary light source. The light under such conditions
is called natural or unpolarized light.

Consider a light wave incident perpendicularly upon a sheet polarizer.
The sheet transmits the light wave without appreciable absorption if the
optical vector is parallel to a certain preferred direction (the “transmission
axis”), while it absorbs completely if the optical vector is perpendicular to this
preferred direction. If the optical vector has an intermediate direction, it may
be regarded as the resultant of two vectors, one being parallel and the other
perpendicular to the transmission axis of the sheet polarizer. The sheet
transmits the first component and absorbs the second so that, in all cases, the
optical vector of the light wave emerging from the filter is parallel to the
transmission axis. We shall call this wave linearly polarized or plane polarized.
We shall call the plane containing the direction of propagation and the optical
vector the plane of vibration. Any optical device capable of transmitting only
linearly polarized light will be called a polarization filter.

Increase your vocabulary

6. Match the terms and definitions:

1) polarizer a) an oscillation vector whose direction does not coincide
with the direction of propagation

2) analyzer b) an instrumental means which detects light polarization
and directions of vibrations

3) optical vector ¢) an instrumental means to produce polarized light

7. Translate the following sentences.

1. To, YTO MHTEHCUBHOCTb CBETA 3aBUCUT OT YIJIOBOTO ITOJIOXKEHUSI BTOPOTO
MoJisipr3aropa, JA0Ka3bIBaeT, 4YTO paclipeiesieHUe TMoJisi eCTb BEKTOpHas
BenuurHa. 2. I1pu IBYX yIIOBBIX MOJOXEHUSX MOJISIpU3aTOpa, IIOBEPHYTOTO
Ha 90°, MHTEHCUBHOCTb MPaKTUYECKU paBHa HY/t0. 3. M3 omnbiTa ¢ nmieHou-
HBIM TIOJISIPU3AaTOPOM CJIEIYET, YTO CBETOBBIC BOJIHBI SIBJISIOTCSI ITOIIEpeY-
HBIMU BoHaMU. 4. CBeT, UCXONSIINI U3 eCTECTBEHHOIO MCTOUHMKA CBETa,
Ha3bIBaeTCsI HEMOJSIPU3OBAHHBLIM (ecTecTBeHHBbIM). 5. J100oe onTuueckoe
YCTPOWCTBO, MOCPEACTBOM KOTOPOTO MepeaaeTcs TOJbKO JUHEWHO-TONsI-
PU30BaHHBIN CBET, HA3BIBACTCS ITOJISIPU3ALIMOHHBIM (DUIETPOM.
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Grammar revision

8. Read and translate the following sentences focusing on the forms
and functions of the Infinitive.

1. Screens made of transparent substances are frequently used to diffuse the
light from a source. 2. To prevent aberrations the mirror must be of large
aperture. 3. To obtain the algebraic relations we must make certain conventions
concerning the sign to be attributed to the quantities considered. 4. The first
attempts to measure the velocity of light were made in 1667. 5. To obtain a
100% monochromatic light is impossible. 6. Probably one of the first optical
phenomena to be noted was that the shadow of an object illuminated by a
source of small dimensions had the same shape as the object. 7. Yu. Denisyuk!
was the first to propose three-dimensional media to be used for recording
holograms. 8. One of the earliest optical instruments ever to be made was the
humble pair of spectacles. 9. A pair of spectacles has served to extend our
useful life by at least 20 years.

9. Read and translate the following sentences paying attention to
complexes with the Infinitive.

1. Most optical media have the same properties and are considered to be
isotropic. 2. The great progress in all branches of optics may be said to have
resulted indirectly from the invention of the electric lamp. 3. While the
experiment was entirely correct in principle, we know the velocity of light to
be too great for the time interval to be measured in this way with any degree
of accuracy. 4. A pocket microscope developed in 1702 is known to have
produced magnifications up to 40. 5. The laser beam is a highly collimated
bundle of rays and as such has proved to be of great help in many applications
in industry, medicine, etc. 6. The matrix has turned out to be of great
advantage in many scientific considerations. 7. Light is believed to be an
electro-magnetic radiation at very high frequencies (10 cps). 8. We know a
light beam to consist of thousands and millions of rays in a wide frequency
range and at various states of polarization. 9. The incident wave was assumed
to be monochromatic. 10. We believe the degree of polarization to be a
maximum when the angle of incidence equals the polarization angle.

10. Answer the questions about Text 3A.

1. What instrument was used in the experiment to obtain polarized light?
Describe the experiment. 2. What does the experiment with a sheet polarizer
prove? 3. What does the transmitted intensity depend on? 4. What does the
law of Malus state? 5. Is optical disturbance a scalar or vector quantity?
6. What light is considered to be linearly polarized? 7. What is a polarizing
filter?

11. Write an abstract of Text 3A.
12. Use the diagram on page 30 to speak about polarization.

' Yuri Nikolaevich Denisyuk (1927—2006) was a Soviet physicist known for his
contribution to holography, in particular for the so-called Denisyuk hologram.
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Reading and discussion 2

13. Skim Text 3B and discuss the principle behind a polarizing
microscope.

Text 3B
A POLARIZING MICROSCOPE

When ordinary light is directed from the mirror to the polarizer, it emerges
from the polarizer as polarized light. It passes on through the optical system
to the analyzer. Since the vibration direction of the analyzer is set at 90 degrees
to that of the polarizer, none of the light which reaches the analyzer is allowed
to pass to the eye. The extraordinary ray coming from the polarizer has
become the ordinary ray of the analyzer and it is therefore reflected out of the
field of the microscope. The field appears black unless an object which rotates
the plane of polarization interferes with the natural path of the light. This
peculiarity of the polarizing microscope is what makes it so valuable for
analysis of many materials.

14. Translate Text 3C in writing using a dictionary.

Text 3C
WIENER’S METHOD

To observe the interference between incident and reflected waves is not
an easy matter, mainly because the distance between the planes of maximum
and minimum intensity is less than one wavelength. The problem, however,
can be solved with a technique devised by Wiener!. A very thin film of
photographic emulsion is placed at a small angle to the reflecting surface, if
the incident light is in the appropriate state of polarization, the film developed
will show a series of light and dark bands, the maximum darkening occurring
along the lines where the plane of the film intersected the planes of maximum
intensity.

This technique was a very important one historically because it provided
the first experimental determination of the plane of light waves. Most other
polarization experiments, in fact, while proving the existence of linearly
polarized light, do not furnish information about the actual direction of the
vector representing the optical disturbance. For example, the experiment
described shows a sheet polarizer to transmit only light waves whose optical
vector is parallel to a certain preferred direction. It does not enable us to mark
this preferred direction on the sheet. We can now do so by performing
Wiener’s experiment with light that has gone through the sheet polarizer. We

' Otto Heinrich Wiener (1862—1927) was a German physicist. Wiener is known for the
experimental proof of standing light waves. In 1890 he succeeded in determining the wavelength
of light.
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repeat the experiment a number of times, rotating the sheet in its own plane
between exposures of the photographic films until the interference bands
become sharpest or until they disappear completely. In the first instance the
transmission axis of the polarizer will be the direction parallel to the reflecting
surface. In the second instance, it will lie along the intersection of the plane
of the sheet with the plane of incidence.

15. Make a PowerPoint presentation on one of the subjects covered
in Module 3.
Supplementary reading tasks

Task 1. Match the adjectives in the left-hand column (underlined
in the text) below with their definitions in the right-hand column:

1) isotropic a) caused by or connected with something you have already
mentioned

2) random b) strange or unusual

3) crystalline ¢) happening or chosen without any definite plan, aim, or
pattern

4) perpendicular d) having no definite shape or features

5) amorphous e) having properties that are identical in all directions

6) curious f) happening a number of times, usually at regular times

7) periodical g) not leaning to one side or the other but exactly vertical

8) corresponding h) very clear or transparent

Task 2. Supply the missing prepositions:

1) often referred as double refraction; 2) is due the particular
arrangement; 3) monochromatic light passes a polariscope; 4) is
perpendicular that of the polarizer; 5) obtained cleavage;
6) change periodically a maximum and a minimum; 7) the light
emerging the plate.

Task 3. Read the text that follows and describe the experiment to
prove the main feature of anisotropic media.
A fundamental property of anisotropic media

Until now we have confined our attention to the propagation of light in
isotropic media, i.e., substances whose optical properties are the same in all
directions. Liquids, as well as amorphous solid substances such as glass and
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plastics, are usually isotropic because of the random distribution of the
molecules. In many crystals, the optical as well as the other physical proper-
ties are different in different directions. This optical anisotropy, often referred
to as double refraction, or birefringence, is due to the particular arrangement
of the atoms in the crystalline lattice and is found to produce many curious
and interesting phenomena, which we propose now to investigate.

We start with a simple experiment. A parallel beam of monochromatic
light passes through a polariscope formed, for example, by two sheet
polarizers, and then falls upon a screen. We rotate the analyzer until the light
spot on the screen disappears. The transmission axis of the analyzer is then
perpendicular to that of the polarizer, i.e. the polarizer and the analyzer are
crossed. Between the analyzer and the polarizer we now insert a thin, plane-
parallel plate cut from a birefringent crystal obtained by cleavage. The light
on the screen will, in general, reappear. The analyzer being rotated, the light
intensity will change periodically between a maximum and a minimum, but
will not become zero for any position of the analyzer. We thus conclude that
the light emerging from the plate is no longer linearly polarized.

After removing the plate, we again place the analyzer and the polarizer in
the crossed position, reinsert the birefringent plate, and rotate it in its own
plane. For each complete turn, we find four positions, at 90° to one another,
for which the light spot on the screen disappears. We conclude that the light
now emerging from the plate has the same linear polarization as the light
incident upon the plate. We can check this conclusion by rotating the analyzer
and noting that the corresponding variation of the transmitted light intensity
follows the law of Malus. It is thus possible to trace on the plate two mutually
perpendicular lines such that a linearly polarized light wave vibrating in a
direction parallel to either line traverses the plate without changing its state of
polarization. We call these lines the axes of the plate.

By generalizing this result, we can describe the fundamental property of
optically anisotropic medium as follows: for every direction of propagation
there are only two waves vibrating in one or the other of two mutually
perpendicular planes that preserve their state of polarization while traveling
through the medium.

Consider now a wave which, upon entering the plate, is linearly polarized,
but does not vibrate in either of the two preferred directions. We may regard
the incident wave as the superposition of two linearly polarized waves vibrating
in the two preferred directions. If the velocities of propagation of these two
waves were the same, the two component waves after traversing the plate
would recombine into a linearly polarized wave with the same plane of
vibration as the incident wave. Since we know from experiment that this is
not the case, i.e. since we know the state of polarization of the wave to change
on traversing the plate, we conclude that the velocities of propagation in an
anisotropic medium of the waves vibrating in the two preferred directions are
different. We can, of course, check this conclusion directly by measuring (e.g.
with an interferometer) the velocities of propagation through a birefringent
plate of the two waves whose planes of vibration contain one or the other of
the two axes of the plate.
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Task 4. Match the verbs from the text below with their synonyms or
definitions:

1) admire a) send back the light

2) improve b) bring about, produce

3) stretch ¢) make better

4) reflect d) vanish

5) appear e) to look at something and think how beautiful or impressive it is
6) cause f) increase, intensify, strengthen

7) contain g) become visible

8) enhance h) hold, comprise, include

9) disappear | i) extend

Rainbows

Rainbows are the most famous of many extraordinary displays that can
be seen in the sky. Everybody seems to love them, from children to old men,
and few wouldn’t stop at least a few seconds to admire a fully developed
rainbow. It has to do, undoubtedly, with its beautiful sequence of colors; but
also with its perfect geometrical shape against the random background of
clouds. If one could see the polarization of the rainbow, a new order would
become apparent: the rainbow is strongly polarized. Indeed, with a polarizer
its contrast significantly improves and you can find otherwise undetectable
rainbows!

Rainbows form the arc of a perfect circle centered on the shadow of your
head. Yes, that’s right. Everybody sees a slightly different rainbow even if
standing side by side: each one has his own personal rainbow! If you are not
sure where a rainbow should appear during rainy weather do the following.
Look for the shadow of your head on the ground; that’s the center of the
circle (antisolar point). Next, find the radius by stretching in a line your two
hands (thumb to thumb) at arm length. Of course, if the tip of your finger
doesn’t reach above the horizon, then the sun is too high for a rainbow.

The drops of water refract and reflect the rays from the sun backwards, at
42 degrees to the incoming rays. Thus, the rainbow is seen in a direction
opposite to the sun as a circle of that radius, an angular size of which is
independent of your distance to the raindrops. This is
also true for the rainbow produced by a watering hose:
no matter how much you step back, you won’t be able
to include its full diameter in your photograph (you
need a very-wide-angle lens for that). Of course, when
you step back, the individual drops forming the arch
will change. The largest rainbow (half a circle) appears
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when the sun is close to the horizon. However, from airplanes, mountains or
tall towers, where one can see raindrops below the horizon, the rainbow can
be as large as a full circle.

Two refractions (A, B) and one internal reflection (C) inside the spherical
water drops form the primary rainbow. A secondary rainbow, which sometimes
appears outside the primary one (at 51 degrees), is caused by two internal
reflections instead of just one. An interesting side note: small raindrops remain
almost perfectly spherical falling through the air; very large raindrops are
deformed but, contrary to popular belief, they are flattened vertically instead
of becoming elongated and pear-shaped as the archetypal cartoonish drop.

The color sequence of the rainbow is caused by polarization of the
rainbow caused by the internal reflection (C). The rays strike the back surface
of the drop close to the Brewster angle, so almost all the light reflected is
polarized perpendicular to the incidence plane (perpendicular to the monitor
screen). This is similar to the way the glare of the sun on the sea is polarized,
except that now the reflecting surface is not horizontal. As the incidence
plane is determined for each drop by the plane containing the sun, the drop,
and the observer, the rainbow is polarized tangential to the arch. Thus, a
vertical polarizing filter will produce a gap at the top of the rainbow while
enhancing the contrast of the sides.

The primary rainbow is 96 % polarized while the secondary is 90 %
polarized. The extra brightness of the sky inside the primary rainbow (and
outside the secondary rainbow) is also polarized tangentially (but to a lesser
degree) as it has the same origin as the bows. With a filter pointing radially it
disappears together with the rainbows and becomes undistinguishable from
the dark Alexander’s band between the bows (named after Alexander of
Aphrodisius, AD 200).

Task 5. Supply the missing prepositions or adverbs:

1) its perfect geometrical shape the random background of clouds;
2) even if standing side side; 3) when you step , the individual
drops forming the arch will change; 4) when the sun is close the horizon;
5) contrary popular belief; 6) close the Brewster angle; 7) this is
similar the way the glare the sun the sea is polarized;
8) a gap the top of the rainbow; 9) a lesser degree; 10) becomes
undistinguishable the dark Alexander's band.



Module 4 Texts:
LASERS A. Types and comparison of

laser sources: introduction
B. Nd:YAG laser vs. ruby laser
C. Free electron laser

Terminology

to irradiate [1'reidiert] — obyyaTh, U3JIy4aTh, UCIYCKATh JIy4YH;
irradiation [rreidi'elf(o)n] — uppamuanus, JydeucnyckaHue, u3iayde-
HUe

flashlamp ['fleefleemp]| — umMmyabcHas JlamIIa, JlaMIla HaKaykKu

population inversion [ popja'leirf(a)nin'v3if(a)n] — nHBepCcHas HaceJeH-
HOCTb

technique [tek'nizk] — MeTon, CIOCO0;
excitation technique [eksr'terf(a)ntek'nitk] — crmoco6, MeTon Bo30yxie-
HUS

optical pumping ['optik(a)l 'pampin] — onTudyeckass Hakauyka

collimated ['kol;mertid] — KOJUIMMUPOBAHHBIIA;
collimated beam [biim]| — KOITMMUPOBAHHBIN ITYYOK, KOJUTMMUPOBAH-
HbIN 1y4

nuclear decay ['nju:klisdr'ker] — simepHblii pacmnan

dilute electron beam [dar'lu:t 1'lektronbiim] — HU3KO3HEPreTUYCCKUIA
3JIEKTPOHHBINA ITy4OK

to scatter ['skeeto] — pasOpacbkiBaTh, paccenBaTh;
nonlinear scattering — HeJTMHEMHOE paccesTHre

spectral tuning ['t(j)uinin] range — creKTpajbHbIA AUANa30H Hepe-
CTPOMKHU

output waveform ['autput 'werv form]| — BoJiHOBOI (pOHT, (PPOHT BOJHOBO-
ro U3JIyYeHUS

power scalability ['pausskeilo'biliti] — nuarma3zoH 3HaYeHUIt (YpOBEHbD)
BBIXOAHOUW MOIITHOCTU

gain [gein] — ycuieHue, Ko3(OUIIMEHT YCUJICHUS;
gain medium ['mi:drom] — ycuiuBalolas cpeaa

peak power ['piikpaus] — nukoBasi (MMIYyJIbCHasl) MOIIHOCTb;
peak power density ['densiti] — MJIOTHOCTb NUKOBOI (MMITYIbCHOI)
MOIITHOCTH

pulse energy [ pals'enad3i| — sHeprus B UMITyJibCe
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Word study

1. Read and translate without a dictionary:

emission [1I'mif(a)n], inversion [m'v3:f(a)n], chromium [kroumiom]|, ruby
['ruzbr], crystal ['krist(a)l], xenon ['ziinon|, decade ['dekeid], substance
['sabst(o)ns], neutral ['nju:tr(a)l], gas [gees], reaction [rr'eek/(a)n]|, generate
['dien(a)rernt], periodic [ prarr'aodik], spectral ['spektr(a)1], parameter [po'reemits],
neon ['niron], helium ['hizltam], unique [jur'ni:k], ensemble [on'somb(a)l],
electronic [elek'tronik], dynamical [dar'naeemik(a)l], process ['prouses],
structural ['straktf(a)r(a)l], Kkinetic [ki'netik], coherent [ko(u)hrar(o)nt],
scheme [skiim], characteristics [ kaerakta'ristiks], ion [‘aren].

2. Translate the word-combinations that follow:

pulse duration, peak power density, beam quality, chromium ions energy
levels, laser sources types, laser action, electron beam kinetic energy, magnetic

field periodicity, laser gain medium, pump excitation energy.

3. Find equivalent phrases either in Text 44 or in the right-hand

column:

1) ycuneHue cBeTa ¢ MOMOIIbIO
VHIYIINPOBAHHOTO U3ITyICHUS

a) this spectacular set of characteristics

2) npu obsyyeHUU (Korma KpucTasi
obJyyaeTcs)

b) to generate coherent radiation

3) B TeueHHUE CIEOYIOIINX IBYX
NECATUIICTUIA

¢) the upper laser levels

4) BO MHOTO pa3

d) can be varied

5) 4TOOBI MOMYYUTH (CO31ATh)
KOI'€pEHTHOE U3JIyYeHHEe

e) in the ensuing two decades

6) rmyTeM MpaBUJIBHOIO BhIOOpaA
3HaYEHUs] KUHETUYECKOI SHEPTUM

f) rather than with simple laser
oscillators

7) MOXHO U3MEHSTH

g) listed in this table

8) mpenenbHBIC 3HAYCHUST BBIXOTHBIX
rapamMeTpoB

h) light amplification by stimulated
emissions of radiation

9) a He ¢ IIPOCTHIMHU JIa3ePHBIMU
reHeparopamu

i) the extrema of laser output parameters

10) mpuBeneHHBIC B JTaHHOM TaOJIMIIE

j) when irradiated with

11) aTOT Beyatasoumii Habop
XapaKTepPUCTUK

k) by properly choosing the kinetic
energy of

12) BepxHUE Ja3epHBIC YPOBHU

1) manifold
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Reading and discussion 1

4. Read Text 44 and answer the following questions.

1.  What methods are used for producing population inversion?
2. In what way can the wavelength of the FEL radiation be changed?

Text 4A

TYPES AND COMPARISON OF LASER SOURCES.
INTRODUCTION

Light Amplification by Stimulated Emission of Radiation was first
demonstrated by Maiman' in 1960, the result of a population inversion
produced between energy levels of chromium ions in a ruby crystal when
irradiated with a xenon flashlamp. In the ensuing two decades population
inversion and coherent emission have been generated in literally thousands of
substances (neutral and ionized gasses, liquids, and solids) using a variety of
excitation techniques (optical pumping, electrical discharge, gasdynamic-
flow, electron beam, chemical reaction, nuclear decay).

The number and types of laser sources has been further expanded manifold
by utilizing one laser source (primary) to generate coherent radiation in a
second medium, either by optically producing a population inversion in the
second medium or as the result of nonlinear scattering in the second substance.
Recently, laser action has even been achieved by passing a dilute electron
beam through a periodic magnetic field (free-electron laser, or FEL). By
properly choosing the kinetic energy of the electron beam and the periodicity
of the magnetic field, the output wavelength of the FEL can be varied, in
principle, from the ultraviolet to the far infrared spectral region.

The extrema of laser output parameters which have been demonstrated to
date, and the laser media used are summarized in the Table. Note that the
extreme power and energy parameters listed in this table were attained with
laser systems (such as a master-oscillator-power-amplifier’, or MOPA system)
rather than with simple laser oscillators.

To be sure’, no single laser source can simultaneously provide this
spectacular set of characteristics. Each laser gain medium possesses a unique
ensemble of energy levels (electronic, vibrational, rotational), which are
dynamically coupled to each other through various radiative and nonradiative
processes. These structural and kinetic features determine laser’s nominal
operating wavelength(s), its spectral tuning range, its possible output

' Theodore Harold “Ted” Maiman (1927 —2007) was an American physicist who made
the first laser. Maiman received many awards and honors for his work, and was the author of
a book titled The Laser Odyssey, which describes the events surrounding the creation of the
first laser.

2 master oscillator ['osilerto] power amplifier [‘=mplifaro] (MOPA) — ycHauTe b MOLIHO-
CTH 3a/Ialollero reHeparopa

3 to be sure — HECOMHEHHO, 6e3yCIOBHO
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Extrema of output parameters of laser devices and systems

Parameter Value Laser medium
Peak power 2x10" W (collimated) | Nd:glass
Peak power density 10'® W/cm? (focused) | Nd:glass
Pulse energy >104] CO,, Nd:glass
Average power 100 W Co,
Pulse duration 3x 1078 sec, cw? Rh6G dye, various

gasses, liquids, solids

Wavelength 60 nm <> 385 nm many required

Efficiency (nonlaser-pumped) 70 % CO,

Beam quality diffraction limited various gasses, liquids,
solids

Spectral linewidth 20 Hz (for 107" sec) neon-helium

Spatial coherence 10 m ruby

waveforms, and its energy and power scalability. Laser efficiency is determined
by the degree to which appropriate pump excitation energy can be generated,
fed selectively into the upper laser level(s), and subsequently extracted
coherently before deleterious' decay processes otherwise remove this excitation
energy. It is the very richness of energy level schemes and transition
probabilities provided in nature that results in such a large number of lasers
with such a wide variety of output characteristics.

Given the considerable diversity in laser properties, it is the purpose of
this introductory section to order laser sources into basic classes and to describe
the principle characteristics that define the classes and their subdivisions.

Increase your vocabulary

5. In each group find the word that doesn’t belong:

1) minimum, maximum, datum, phenomenon, medium, extrema, spectrum;

2) coherent, neutral, efficiency, gasdynamic, nuclear, single, kinetic;

3) ultraviolet, unique, various, possible, incoherent, spectacular, infrared,
optical.

! deleterious [ delr'trortes] — BpeQHbIii, BpETOHOCHBII
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6. Find a synonym for each verb below:

1) produce, enumerate, possess, use, expand, remove, link, achieve, vary,
give;

2) extract, enlarge, provide, change, attain, utilize, own, list, generate,
couple.

7. Complete the sentences below with the appropriate word-
combination.

1. The output wavelength of the FEL can be varied from the ultraviolet to
the far infrared spectral region by
a) utilizing one laser source to generate coherent radiation in a
second medium;
b) properly choosing the kinetic energy of the electron beam and
the periodicity of the magnetic field.
2. The extreme power and energy parameters were attained with
a) simple laser oscillators;
b) laser systems rather than with simple laser oscillators.

8. Point out the statements which do not correspond to Text 4A.

1. A single laser source can simultaneously provide a spectacular set of
characteristics.

2. Light amplification by stimulated emission of radiation was first
demonstrated in 1970.

3. Recently laser action has been achieved by passing a dilute electron beam
through a periodic magnetic field.

9. Translate the sentences below focusing on the underlined
words.

1. As the result of nonlinear scattering in the second substance the number of
laser sources has been expanded. 2. The richness of energy level schemes
results in a large number of lasers with a wide variety of output characteristics.
3. Light amplification by stimulated emission of radiation was the result of a
population inversion produced between energy levels of chromium ions in a
ruby crystal. 4. The purpose of this introductory section is to order laser
sources into basic classes. 5. One laser source was utilized in order to generate
coherent radiation in a second medium. 6. Table 1 provides the_list of the
extrema of laser output parameters. 7. The parameters listed in the table were
attained with laser systems rather than with simple laser oscillators.

10. In each sentence below find the Subject and Predicate groups.
Translate the sentences.

1. Solid state semiconductor laser materials exhibit both high heat capacities
and thermal conductivities. 2. To extend the average power output substantially
beyond these levels appeal is made to laser — diode arrays'. 3. Reference 2 is

! laser-diode arrays [o're1z] — TMHENKH Ja3epPHBIX AUOIOB
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cited in the table as a key literature source dealing with lasers used to illustrate
various classes and types of lasers. 4. The costs of lasers and laser systems
vary widely and cannot be readily generalized. 5. The major alternative to
optical pumping by incoherent sources is pumping by another Ilaser.
6. Excitation into any of these levels decays rapidly down by nonradiative
processes because of the relatively small energy gaps between various levels.
7. In Table 1 cw stands for continuous wave operation.

11. Answer the questions about Text 4A.

1. Who was the first to demonstrate light amplification by stimulated emission
of radiation? 2. In what substances were population inversions and coherent
emission generated? 3. What excitation techniques are used to generate
coherent emission? 4. What method of generating coherent radiation resulted
in the expanding of the number and types of laser sources? 5. Which is a
better way of attaining the extreme power and energy parameters: using laser
systems or simple laser oscillators? 6. What does laser efficiency depend on?

12. Write an abstract of Text 4A.

Reading and discussion 2

13. Skim Text 4B and answer the following question.
What are advantages of Nd :YAG laser before a ruby laser?

Text 4B
ND : YAG LASER VS. RUBY LASER

The Cr** iron-group ion doped' in Al,O; is the medium in which laser
operation was first demonstrated by Maiman in 1960. Cr : Al,O; or ruby
operates as a three-level system and thus, per unit volume, has a comparatively
high threshold. Fortunately, the thermal conductivity and mechanical strength
of Al,O5 are both high, superior to any other existing laser host crystal?, and
thus successful operation of the ruby laser is possible. For all but® a few
specialized applications the much-lower-threshold, higher-average-power-
output Nd : YAG laser has replaced the ruby laser, however. Efficient
frequency-doubling* techniques for 1.06 nm radiation have in many cases
eliminated the need for 0.69 um ruby laser where visible radiation is
required.

! to dope — 106aBIATH

2 host crystal ['houstkrist(s)l] — ocHOBa, MaTpula, OCHOBHOI KpWCTal, KPUCTaLI-
XO3STUH

3 but — kpome

4 frequency-doubling ['frizkwansr 'dabliy] — yaBoeHMe YacTOTHI
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14. Translate Text 4C in writing using a dictionary.

Text 4C
FREE ELECTRON LASER

In the Free Electron Laser (FEL) gain is generated by the interaction of
photons with an electron beam. A freely propagating electron does not interact
with an electromagnetic field. To obtain gain the electrons and photons must
interact within a perturbing environment that permits the simultaneous
conservation of energy and momentum; spontaneous emission from the elec-
tron is then possible. The synchrotron radiation that occurs when the trajectory
of a high energy electron is bent by a magnetic field is an example of one such
process.

The process that generates gain may be viewed as stimulated scattering, as
stimulated “free-free” transitions between continuous states of the perturbed
electron-photon system, or as the inverse of the interaction that accelerates
electrons in an accelerator. If the velocity distribution of the electrons in the
beam is carefully selected, the radiation emitted by each electron adds
coherently to the radiation from other electrons in the beam. The wavelength
of maximum gain is primarily a function of the energy of the beam. With a
minimum of constraints, the operation of an FEL should be possible at any
wavelength from millimeter wavelengths into the visible and near ultraviolet.

15. Make a PowerPoint presentation on the subject of the module.

Supplementary reading tasks

Task 1. Match the verbs with their definitions:

1) eliminate a) to have qualities, opportunities etc) that people are likely to
want or enjoy

2) allow for b) to completely get rid of something that is unnecessary or
unwanted

3) achieve ¢) to try to find out the truth about or the cause of something
such as a crime, accident, or scientific problem

4) offer d) to make it possible for someone to do something, or for
something to happen

5) report e) to successfully complete something or get a good result,
especially by working hard

6) investigate | f) to clearly show a particular quality, emotion, or ability

7) exhibit g) to make it possible for something to happen or for someone to
do something, especially something helpful or useful [= permit]

8) enable h) to officially give information to the public
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Task 2. Supply the missing prepositions:

1) allowing  longer interaction lengths; 2) this leads  higher
conversion efficiency ; 3) the advantage of wavelength selective loss
dependent  bend diameter; 4)  our knowledge this is the
highest power; 5) while generating very littleloss 938 nm;6)  a
long time.

Task 3. Read and discuss the text that follows.

469nm fiber laser source

With the continued interest in development of solid-state blue laser
sources we would like to show that fiber lasers and nonlinear frequency
conversion are an attractive approach. Fiber sources are a good choice for
nonlinear frequency conversion because of their good beam quality and high
brightness.

Using non-critical phase matching eliminates the problems of spatial
walk-off allowing for longer interaction lengths and this leads to higher
conversion efficiency.

Our fiber amplifier uses the *F;, — *I,, transition in neodymium and
because of the 3-level nature of the transition there is strong competition
from the *F;,, — *I,,, 4-level transition. Optical fiber hosts have the advantage
of wavelength selective loss dependent on bend diameter allowing the user to
choose a fiber coil diameter to act as a variable short pass filter. In our case
we were able to choose a coil diameter that will generate ~10dB of loss for the
competing 4-level 1088 nm parasitic transition while generating very little loss
at 938nm.

High power levels have been achieved for this neodymium transition in
crystal hosts; however to our knowledge this is the highest power achieved for
this transition in a silica fiber host. The silica host offers a broader absorption
spectrum reducing the precision requirements of the pump and a broader
emission spectrum (900nm to 950nm) enabling more applications. We have
previously reported multi-watt operation on this transition and continue
investigating power scalability.

While the idea of quasi-phase matching has been around for a long
time engineered nonlinear materials are starting to gain maturity and are
commonly used for nonlinear frequency conversion. A lot of progress has
been made in both materials and periodic structure fabrication in recent
years.

Fabricating the short periods required for first order frequency
doubling into the blue still remains challenging. Because of its anisotropic
lattice structure KTiOPO, (KTP) exhibits very limited domain wall
spreading during the poling process leading to the ability to pole very
short domain periods. Also the KTP has a coercive voltage about 10 times
lower than congruent LiNbQO; enabling electric field poling of thicker
materials.
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Task 4. Match the phrases from the text above with their Russian
equivalents:

1) parasitic transition a) mpeoOpa3oBaHUE YaCTOTHI

2) silica fiber b) ocTaBaThCs CIOXHBIM

3) be around C) CTaHOBUTHCS 0OJICe COBEPIICHHBIM

4) frequency conversion d) Ko3pUMTHUBHAS CUJIa CETHETORJIEKTPUKA
5) start to gain maturity €) yIBOEHME YacCTOThI

6) frequency doubling f) maccuBHBII Tepexon

7) remains challenging g) OBITh TTOTYJISIPHBIM

8) coercive voltage h) kBapleBoe BOJOKHO

Task 5. Read and sum up the text that follows.

Good fundamentals

For most applications, the size to which a laser beam can be focused is as
important a consideration as the laser output power. Frequency doubling, for
example, depends on the square of the intensity of the primary laser. The
depth of a hole drilled by an industrial laser depends on the laser intensity
and the hole diameter is proportional to the spot size.

Maintaining a consistent beam profile is usually important whether the
beam is focused or not. Ophthalmic surgery uses a beam with a flat cross
section (a “top hat” profile) that must remain constant during the procedure.
All of these applications require a laser designed to produce a consistent and
well-characterized beam. To be propagated over a long distance, a laser beam
needs to have the lowest divergence possible. Telecommunications combine
this requirement with a need to control the spectral content of the beam to
ensure data quality. Whenever low divergence or small spot size is required, a
laser with TEM,, output is specified.

What is TEM,,?

It is useful to think of the light inside of a laser as formed by standing
waves with distinct vibrational modes. Only a small number of modes will
exist in the transverse direction. The fundamental transverse mode is
designated as TEM,,,, where the ,, indicates no nodes appear in the beam
profile. “TEM” stands for “transverse electromagnetic” and refers to the
form of the standing waves. The TEM,,, mode is mathematically described by
the familiar bell-shaped Gaussian curve.

Higher-order modes are formed by multiplying the Gaussian by a
polynomial with an exponent that corresponds to the order of the laser mode.

46




These higher-order modes describe the number of nodes that appear in the
beam — the TEM,; mode of a rectangular resonator, for example, will appear
to have a dark cross in the middle of the profile. Higher-order modes add
frequency components to the fundamental mode.

The Gaussian function extends to infinity in the radial direction, leaving
open the question of the beam diameter. Measuring a laser beam diameter
has been compared to using calipers to measure the width of a cotton ball.
The accepted definition is the diameter at which the intensity has fallen to 1/¢?
(13.5 %) of its peak value in the center.

The 1/¢€? definition works well for Gaussian modes, but is not useful for
other profiles. In these circumstances the diameter is calculated using the
“second moment” algorithm, a combination of integrals similar to a formula
for calculating an rms (root-mean-square) value. The second-moment
calculation should be used cautiously because it gives heavy weight to the
edges of the beam.

Task 6. Match the phrases from the text above to the Russian
equivalents:

1) standing waves a) KoyiebaTeTbHAS MOIa
2) vibrational mode b) Moza BbICIIEro mopsiaka
3) transverse mode C) MOMEHT BTOPOTO TOpsiAKa

4) transverse electromagnetic mode | d) cpenHe-KBagpaTUUHOE 3HAUEHUE

5) higher-order mode €) morepeyHast Moaa

6) second moment f) crauimoHapHast BojiHA

7) root-mean-square value g) TIoIepevHast 3JIeKTpOMarHuTHasT MOJa




Module § Texts:

CLASSES OF A. Classes of laser sources
LASER SOURCES B. Semiconductor lasers

C. Glass lasers
D. X-ray lasers

Terminology A

transition [treen'zif(a)n] — nepexon;
electronic [elek'tronik] transition — 3JIeKTpOHHBII TIEPEXO;
vibrational [var'breif(a)nal] transition — KojeOaTeNbHBINA TEPEXOL;
rotational [ra'telf(9)n(a)l] transition — BpaluaTebHbINA EPEXO,

species ['spi:fiiz] (sing. + pl.) — yactuua, BUI, Pa3HOBUIHOCTD, POII;
active species [aktiv'spiifiiz] — akTMBHasI cpela, aKTUBATOp, aKTUBHAasI
yacTuila

gas dynamic expansion [gesdarnemik], [1k'speenf(e)n] — razonuHamMmmnye-
CKO€ pacIIMpeHue

dye laser ['daileizo] — ma3ep Ha Kpacuresie

solid state laser ['solidstert], ['le1zo] — TBepaOTEIbHbIA J1a3ep

glass laser ['gla:sleiza] — na3ep Ha cTekie

solvent ['solvont] — pacTBOpUTEND

rare earth ion ['rear3:0 'alon| — MOH peaKO3eMEIbHOIO 3JIEMEHTA

rare earth chelate ['ki:lert] laser — ja3ep Ha penKo3eMeJbHBIX XeJlaTax

spectral tunability — criekTpajbHasl nepecTporika

insulator ['msjoalerta] — usonsiTop

impurity [1m'pjusrati] — npumecs;
impurity-doped crystal — KpucTamn ¢ mpuMecIMn

discharge [dis'fa:d3] — paspsn;
arc discharge [a:k dis'tfa:d3] — myroBoii pa3psinm;
glow discharge [glou dis'tfa:dz] — Tietomuii pa3psig

lattice ['letis] — kpucraanyeckas pelieTka

junction ['&ankf(a)n] — nepexon

Word study

1. Read and translate without a dictionary:

classify ['kleesifar], classification [Kkleaesifi'’keif(a)n], basic [beisik], atomic
[o'tomik], ionic [aronik], molecular [ma'lekjula], expansion [1K'spaen((a)n],
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spontaneously [spon'teiniasli], organic [o:'genik]|, inorganic [no:'genik],
chelate ['kiilert], trivalent [‘trivelont], dielectric [dam'lektrik], amorphous
[o'mo:fas], stoichiometry |[storki'omitri], specific [spo'sifik], defect ['di:fekt],
differentiate [dif(a)'renfiert], electron [rlektron], injection [m'dzekf(o)n].

2. Combine the numbered and lettered words to obtain terms.
Translate them:

1) spectral 5) gasdynamic a) expansion e) laser

2) dielectric 6) electrical b) inversion f) tunability
3) dye 7) impurity-doped | c¢) discharge g) transition
4) vibrational 8) population d) crystal h) insulator

3. Find equivalent phrases either in Text 5A or in the right-hand
column:

1) cocTosiHue aKTUBHOI Cpelibl a) electron beam excitation

2) pasnuyarolrecs 1o Ja3epHOMY b) specific types of lattice defects
NENCTBUIO

3) pazHooOpa3HbIe MeTonbl BO30yxXne- | c) differentiated by laser action
HUS

4) BO30yXIeHUE 3JIEKTPOHHBIM d) solid state lasers have been
My4YKOM developed

5) BUI UCMOIb3yeMOTO TBEPIOTO e) a wide variety of excitation methods
BElIECTBa

6) GbUIM CO3JaHbl TBEPAOTEIbLHBIE f) state of the active medium
Jla3ephl

7) ocoOble BUIbI Ae(EKTOB PEIIETKU g) the type of solid used

Reading and discussion 1

4. Read Text 54 and answer the following question.

What methods are used for gas, liquid and solid state laser pumping?

Text 5A
CLASSES OF LASER SOURCES

Laser sources are commonly classified in terms of the state of the active
medium: gas, liquid, and solid. Each of these classes is further subdivided
into one or more types.

49




Gas Lasers. Gas lasers are conveniently described in terms of six basic
types, two involving electronic transition in atomic active species (neutral and
ionic), three based on neutral molecular active species (differentiated by laser
action occurring in electronic, vibrational, and rotational transitions), and
one based on molecular-ion active species. Gas lasers are pumped using a
wide variety of excitation methods, including several types of electrical
discharges (cw, pulsed, dc! or rf?, glow or arc), electron beam excitation,
gasdynamic expansion, electrically or spontaneously induced chemical
reactions, and optical pumping using primary lasers.

Liquid Lasers. Liquid lasers are commonly described in terms of three
distinct types: organic dye lasers which are most well-known for their spectral
tunability, rare-earth chelate lasers which utilize organic molecules, and lasers
utilizing inorganic solvents and trivalent rare earth ion active centers. Liquid
lasers are optically pumped using three basic methods: flashlamps, pulsed
primary lasers, or cw primary lasers.

Solid State Lasers. Solid state lasers are subdivided by the type of the
solid used — a dielectric insulator or a semiconductor. Dielectric insulators
may take the form of an impurity-doped crystal or an impurity-doped
amorphous material such as glass. Recently, solid state lasers have been
developed using insulating crystals in which the active species has been fully
substituted into the lattice (stoichiometric materials) and using insulator
crystals in which color centers (specific types of lattice defects) serve as the
active centers. Lasers utilizing dielectric insulators are almost exclusively
pumped optically, either with flashlamps, cw arc-lamps, or with other laser
sources.

Semiconductor lasers are usually differentiated in terms of the means by
which the hole-electron pair population inversion is produced. Semiconductor
lasers can be pumped optically (usually with other laser sources), by electron
beams, or more commonly by injection of electrons in a p-n junction.

Increase your vocabulary

5. Match the synonyms:

distinct, exclusive, usual, specific, common, different, clear, convenient,
particular, exceptional, comfortable, differing.

6. Complete the sentences below with the appropriate word-
combination according to Text 5A.

1. Gas lasers are conveniently described in terms of
a) six basic types;
b) three distinct types: organic dye lasers...;
¢) the solid used.

2. Laser sources are commonly classified in terms of

! dc (direct current) discharge — Hakauka pa3psA0M MTOCTOSIHHOTO TOKa
2 rf (radio-frequency) discharge — CBU-Hakauka
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a) the type of solid used;

b) the state of the active medium;

c) six basic types.

3. Liquid lasers are pumped

a) using a wide variety of excitation methods;

b) optically by electron beam, or by injection of electrons in a p-n
junction;

c) optically by three basic methods: flashlamps, pulsed primary
lasers, or cw primary lasers.

7. Bring the sentences below under the following headings.

A. Gas Lasers
B. Liquid Lasers
C. Solid State Lasers

1. These lasers are subdivided by the type of solid used — a dielectric insulator
or a semiconductor. 2. They are described in terms of six basic types. 3. They
are optically pumped using three basic methods: flashlamps, pulsed primary
lasers, or cw primary lasers. 4. Organic dye lasers are most well-known for
their spectral tunability. 5. These are pumped using a wide variety of excitation
methods. 6. Dielectric insulators may take the form of an impurity-doped
crystal or an impurity-doped amorphous material such as glass.

8. Complete the table below according to Text 5A.

Classes of laser sources

Class Types of laser medium Methods of pumping
1. 1. 2. 1.
3. 4. a) b) c) d)
5. 6. 2. 3.
4. 5.
2.
3. 1.
a) b) c)
2.
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Terminology B

carrier |['keerio] — HocuTeNb 3apsiaa, dJIEKTPOH IIPOBOINMMOCTH;
excess carrier [1k'ses] ['kaerro] — Bo30y>KIeHHBIN 3JIeKTPOH TTPOBOINMO-
CTH, 2JIEKTPOH C U30BITOYHON 3Hepruei

band [bzend] — nmonoca, 30Ha (YpOBHell DHEPIUn);
conduction [kon'dakf(9)n] band — 30Ha TPOBOIMMOCTH;
valence ['veil(a)ns] band — BajleHTHasI 30Ha;
band-to-band transition — nepexon ¢ ypoBHsI Ha YpOBEHb

gap [gep] — 3a30p, MPOMEXYTOK, MHTEpBa;
energy gap — 3alpelleHHast 30Ha (B MOJIYIIPOBOIHUKAX), SHEpTreTUde-
cKasl 30Ha

bandgap ['beendgep| — 3anpeleHHas 30Ha, IUPUHA 3aMPeIIeHHON 30HBI;
bandgap semiconductor [semikon'dakto] — moaynpoBOAHUK ¢ 3aripe-
IIEHHOM 30HO;
direct bandgap semiconductor — cOOCTBEHHBbII, OECITPUMECHBII TTOTY-

MPOBOJIHUK;
indirect bandgap semiconductor — IpUMeCHbI, HECOOCTBEHHBII
MPOBOIHUK

momentum [ma'mentom| — KOJIMYECTBO ABVKEHUS, UMITYJILC, UMITYITbC-
Hasl CuJIa;

to conserve [kon's3:v] momentum — COXpaHSITh KOJIWYECTBO IBMKEHUS
lifetime ['larftarm] — BpeMsI XKU3HMU;
radiative ['rerdrotrv] lifetime — mM3mydaTenbHOE BpeMsI JKU3HU
internal [n't3:n(s)l] quantum ['’kwontom] efficiency [1'fif(a)nsi] — BHyTpeH-
HsIsl KBaHTOBas1 3 HEeKTUBHOCTh

Word study

9. Read and translate without a dictionary:

practical ['preektik(9)l], photon ['fauton], absorption [ob'zo:pf(9)n], phonon
['faunon], valence ['veil(a)ns], vector ['vekta], schematic [skir'meetik], diagram
['daregreem], variation [vearrerf(o)n], technological [tekna'lodsik(a)l], interest
[nt(o)rost], radiative ['rerdiotrv], coefficient [kourfif(e)nt], potential
[pa'tenf(a)l].

10. Combine words from the numbered and lettered columns to
obtain terms. Translate them:

1) radiative 4) valence a) gap d) lifetime
2) quantum 5) energy b) transition e) carrier
3) excess 6) band-to-band ¢) efficiency f) band
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Reading and discussion 2

11. Read Text 5B and speak about the operating principles of
semiconductor lasers.

Text 5B
SEMICONDUCTOR LASERS

Introduction. Semiconductor lasers include injection lasers, where a p-n
junction or heterojunction is used to inject excess carriers into the active
region, optically-pumped lasers, where an external light source produces
excess carriers, and electron-beam-pumped lasers, which use high energy
electrons to produce excess carriers. Injection lasers, which are the most
practical devices, are discussed at length in this review.

Operating principles. In this section, we review a few of the key concepts
concerning laser action in semiconductors. Extensive theoretical treatments
of this subject can be found elsewhere.

Direct and indirect bandgap semiconductors. In direct bandgap
semiconductors (the only ones in which stimulated emission has been
observed), both photon emission and absorption can occur without the need
for a phonon to conserve momentum. This is because the lowest conduction
band minimum and the highest valence band maximum are at the same
vector (k) in the Brillouin' zone.

In indirect bandgap semiconductors the conduction band minimum and
valence band maximum are not at the same k value. Hence, photon emission
and absorption require the participation of phonons to conserve momentum.

Lasing in indirect bandgap semiconductors is improbable because the
lowest-energy band-to-band transition probabilities are much smaller than in
direct semiconductors. Thus, the radiative lifetime is long. Because of the
relatively long lifetime of electrons in the indirect minima, there is time for
nonradiative recombination processes to occur, thus yielding low internal
quantum efficiency. Furthermore, the stimulated recombination rate is related
to the band-to-band absorption coefficient. Since the coefficient is lower for
indirect than direct transitions, the potential laser gain is correspondingly
reduced.

Increase your vocabulary

12. Read the following nouns. Say which verbs they are derived
from:

conductor, semiconductor, conduction, conductivity; injection, emission,
absorption, participation, composition, treatment, transition, recombination.

' Leon Nicolas Brillouin (1889 —1969) was a French physicist. He made contributions to
quantum mechanics, radio wave propagation in the atmosphere, solid state physics, and
information theory. The Brillouin zone was named after him.

53




13. Match synonyms:

absorb, conserve, combine, occur, consume, watch, mix, observe, preserve,
happen.

14. Translate the adjectives below paying attention to the negative
prefixes:

direct — indirect, efficient — inefficient, convenient — inconvenient;
probable — improbable, practical — impractical, possible — impossible;
radiative — nonradiative, nuclear — nonnuclear, conducting — nonconducting;
continuous — discontinuous; fortunate — unfortunate; comfortable —
uncomfortable.

15. Translate the following word combinations avoiding
prepositions:

BHEIIIHUIA MCTOYHMK CBETa, Jia3epbl C HAKAYKO BJICKTPOHHBIM ITYYKOM,
MU3JIydeHWEe U MomiolleHue (GOTOHOB, 30HA MPOBOAMMOCTH, BEPOSTHOCTD
rnepexona, epexol ¢ YpOBHS Ha YPOBEHb, BEPOSITHOCTD Ilepexoaa ¢ YPOBHSI
Ha ypPOBEHb, KOA(PPUIIMEHT MOTJTOIICHMS.

16. Which of the statements below are true according to Text 5B?

1. In injection lasers high energy electrons are used to produce excess carriers.
2. In indirect bandgap semiconductors both photon emission and absorption
can occur without the need for a phonon to conserve momentum. 3. Lasing
in indirect bandgap semiconductors is improbable because the lowest energy
band-to-band transition probabilities are much smaller than in direct
semiconductors. 4. In direct bandgap semiconductors the conduction band
minimum and valence band maximum are not at the same k value.

17. Translate the sentences below paying attention to the underlined
words.

1. The total amount of radiation absorbed from broadband pump sources
clearly increases with ion concentration in a given size host crystal. 2. The
growth of the density modulation gives increasing coherence to the scattering
process resulting in a growing scattered wave which in turn increases the
density modulation still further. 3. Laser diodes' degradation manifests itself
primarily in an increase in threshold current although other parameters may
also change. 4. Increasing the peak power output of a laser is constrained by
the optical damage properties of the laser medium itself or of the optical
materials required to make the laser operate. 5. Laser-pumped glass oscillators
provided wavelength versatility because of their wide fluorescence bandwidth.
6. Provided the velocity distribution of the electrons in the beam is carefully
selected, the radiation emitted by each electron adds coherently to the
radiation from other electrons in the beam.
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Grammar revision

18. Translate the sentences below focusing on non-finite forms of
verbs.

1. If the electron velocity is close to the speed of light, long wavelength
imposed fields can be used to build FELs operating in the visible region of
the spectrum. 2. As large-scale commercial applications of lasers become
more numerous and mature, additional cost scaling models and data bases
are sure to become available in the field. 3. By varying the composition of a
semiconductor diode it is possible to adjust the wavelength of its spectral gain
peak. 4. The purpose of these dye absorption curves is to assist the user in
selecting the laser pump source which will most effectively pump the dye la-
ser. 5. Several molecular lasers should be mentioned when discussing tunable
lasers. 6. When placed in a suitable cavity, the device (FEL) will radiate
coherently. 7. After the discovery of the dye laser by Sorokin and Landkard,
numerous reports followed, most of them detailing the study of various classes
of fluorescent organic materials.

19. Answer the questions about Texts 54 and 5B.

1. What are the classes of laser sources? 2. What are the types of gas lasers?
3. What excitation methods are used to pump gas lasers? 4. What are the
types and methods of pumping liquid lasers? 5. What excitation techniques
are used to pump lasers utilizing dielectric insulators? 6. In what way are
excess carriers produced in semiconductor lasers (injection lasers, optically
pumped lasers, electron — beam pumped lasers)? 7. What is the difference
between direct bandgap semiconductors and indirect bandgap semiconductors?
8. In what type of semiconductors do photon emission and absorption require
the participation of phonons to conserve momentum? Why? 9. Why is lasing
in indirect bandgap semiconductors improbable?

20. Write an abstract of Text 54 or 5B.

21. Use Table 2 and Texts 5A and 5B to talk about:

a) types of lasers;
b) direct bandgap semiconductors vs. indirect bandgap semiconductors.

22. Skim Text 5C and answer the questions that follow.

[a—

What advantages does glass have ascompared to crystal materials?
2. What disadvantage of glass is mentioned in the text below?
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Text 5C
GLASS LASERS

Lasers made from vitreous' and crystalline materials comprise the two
classes of solid state lasers. Their different material properties are
complementary for use in lasers. Because of their lower cross sections, glass
lasers store energy well and thus make good short-pulse lasers and amplifiers.
On the other hand, crystalline materials are better for cw oscillators and
amplifiers because of their higher gain and good thermal conductivity.

Glass has advantages over crystalline materials. It can be cast? in a variety
of forms and sizes, from small fibers to meter-sized pieces. Tremendous
flexibility in choosing glass and laser properties is afforded by the ability to
vary the glass composition over very large ranges. Glass is also relatively
inexpensive because of the shorter time required for its manufacture and the
use of inexpensive chemical components. Further, large pieces of laser glass
can be made with excellent homogeneity, uniformly distributed rare earth
concentrations, low birefringence, and can be finished? easily, even in large
sizes. The only major drawback of glass is its low thermal conductivity, which
limits its applicability in high average power systems.

23. Translate Text 5D in writing using a dictionary.

Text 5D
X-RAY LASERS

Research toward advancing lasing to the X-ray spectral regions is in an
early and progressive state. The challenge of inventing and developing X-ray
lasers may be approached by: a) adapting familiar X-ray sources to lasing
action; b) extending proven ion laser processes progressively toward shorter
wavelengths, perhaps through isoelectronic extrapolation; ¢) discovering new
pumping and emission processes more appropriate to the task.

With potential applications in the vacuum-ultraviolet spectral region
seemingly limited as compared to those for the penetrating X-ray region,
early thoughts were directed toward making the big leap to the X-ray and
perhaps y-ray regions. Formidable pumping problems were projected.
Meanwhile advancements into the ultraviolet regions, accompanied by rising
uses and interests as specific devices have emerged, seem to indicate that the
more reasonable approach is the continued systematic advance toward shorter
wavelengths. Indeed, over the past 12 years the so-called short-wavelength
“barrier” has been pushed from 200 nm into the vacuum region — first near
100 nm, and presently it appears that 60 nm has been reached. These advances
have been achieved both with cavities and in the amplified spontaneous

! vitreous ['VItrios] — CTEKJIOBUIHBINA
2 cast — npuaaBaTb GopMy
3 finish — 06pabaTLIBaTL HAYMCTO
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emission (ASE) single pass mode, where the latter requires considerably
higher gain.

24. Make a PowerPoint presentation on one of the subjects covered
in the module.

Supplementary reading tasks

Task 1. Match the phrases from the text below (underlined in the
text) with the Russian equivalents:

1) seek a) MOJYYUTh CTETIEHb JOKTOpa

2) earn a master’s degree b) TexHuuyecKuii mepcoHan

3) earn PhD C) YUE€HBI, 2pyIUPOBAHHbIN, 3HAIOLIUNT
4) technical staff d) ocTaBuUTH TOCHIE CceOs

5) retire €) UCKaTh, MBITAaThCSI HAMTU, TOOUBATHCS
6) learned f) yxonuthb B OTCTaBKy, Ha MEHCUIO

7) be survived by g) MOJIyYUTh CTEIEHb MarucTpa

Task 2. Read and sum up the text that follows.

Irnee D’Haenens dies; assisted Maiman
in building the first laser

January 4, 2008, Los Angeles, CA

Irnee D’Haenens, a physicist who assisted Ted Maiman in making the
first laser at Hughes Research Laboratory (Malibu, CA) in 1960, died
December 24; he was 73. The two were the only people present when a little
ruby rod emitted the world’s first pulse of laser light on May 16, 1960. Later,
D’Haenens called the laser “a solution looking for a problem,” a joke that
became common in the early years of the laser era as developers sought laser
applications.

Born in Mishawaka, Indiana, the son of a service-station operator,
D’Haenens spent his entire professional career at Hughes, starting while he
was earning a master’s degree from the University of Southern California. He
received a Hughes doctoral fellowship and earned his PhD from the University
of Notre Dame in 1966. As a member of the technical staff at Hughes, he
worked on semiconductor physics, microwave technology, and spectroscopy
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as well as lasers before retiring in 1989. A long-time Hughes colleague, David
Pepper, recalled D’Haenens as “as a wise and learned uncle who helped me
travel along my path in life,” whose first priority was always his family. He is
survived by his wife Shirley, four children, 19 grandchildren, and three great-
grandchildren.

Task 3. Combine words from the numbered and lettered columns to
obtain word-combinations:

1) thorough

7) contrast

a) instruments

g) wavelengths

2) sophisticated

8) atmospheric

b) system

h) dwarfs

3) state-of-the-art | 9) direct ¢) planetary i) improvement
systems
4) near-infrared 10) brown d) understanding | j) processes

5) adaptable 11) extra-solar e) imaging k) direct light
6) harsh 12) evolutionary f) distortion 1) camera
Task 4. Complete the table below.

Verb Noun(s) | Adjective(s) Verb Noun(s) Adjective(s)
locator investigative
dedicatee clarity
surrounds installable

explore detectable

Task 5. Read the following text to find out the features and
applications of the HiCIAO camera.

New camera on Subaru Telescope may directly observe
exoplanets

The Subaru Telescope, located on the summit of Mauna Kea, is dedicated
to exploring the cosmos, gaining a deeper and more thorough understanding
of everything that surrounds us. With an 8.2-meter mirror and a suite of
sophisticated instruments, astronomers at the Subaru Telescope explore
nearby stars looking for planetary systems. A giant step towards this goal was
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made recently with the “first-light” inauguration of a new state-of-the-art
camera.

Subaru uses eight innovative cameras and spectrographs optimized for
various astronomical investigations in optical and near-infrared wavelengths.
On the night of December 3, 2007, the High Contrast Instrument for Adaptive
Optics (HiCIAO) camera was brought to life. The HiCIAO is a technologically
adaptable system that will replace the infrared Coronagraphic Imager with
Adaptive Optics (CIAO) unit in operation since April 2000. Both systems are
designed to block out the harsh direct light from a star, so that nearby faint
objects such as planets can be viewed. The new system benefits from a contrast
improvement of ten to 100 times, allowing astronomers glimpses into regions
never explored.

A further advantage of the HiCIAO camera is that it will be used in
concert with an adaptive optics (AO) system that was recently significantly
upgraded, which, in turn, increased the clarity of Subaru’s vision by a factor
of ten, opening up more of the night sky to observing. The new AO system
uses 188 actuators behind a deformable mirror to remove atmospheric
distortion, allowing the Subaru Telescope to observe close to its theoretical
performance limits. In addition, a laser guide — star system was installed to
enable observations of tiny regions of sky without bright stars to steady the
AO system on.

The HiCIAO system, initiated in 2004, was developed by a team of
scientists and engineers from the Subaru Telescope, National Astronomical
Observatory of Japan, and the University of Hawaii’s Institute for Astronomy.
Dr. Ryuji Suzuki, a Subaru astronomer leading the HiCIAO project, says
“the unique instrument was primarily designed for the direct detection of
extrasolar planets and disks.” The system’s design allows for high-contrast
coronagraphic techniques in three observing modes: direct imaging,
polarization differential imaging, and spectral differential imaging. HiCIAO
directly detects and characterizes young extrasolar planets and brown dwarfs,
sub-stellar objects that occupy the mass range between that of large gas giant
planets (e.g. Jupiter), and the lowest mass stars. With the aid of the laser
guide — star AO system, HiCIAO targets dim objects including young stars,
protostars, and star-forming regions.

HiCIAO is also extremely useful for detecting faint dust disks around
nearby stars, and for studying small-scale and inner disk structures and dust
grain properties, both of which lead to a clearer understanding of extra-solar
planetary systems and their evolutionary processes. Dr. Suzuki reports that
“although we already know of more than 250 extrasolar planets, they have all
proven their existence indirectly by the Doppler or transit method. Because
the direct imaging of an extrasolar planet has never been done, if it happens,
that will be exciting.” Subaru Telescope may be the first to directly observe a
planet outside our solar system.



Module 6 Texts:

PROPERTIES A. Properties of some important

OF LASERS lasers
B. Soldiers in lockstep

C. Average power scaling

Terminology

ground [graund] state — OCHOBHOE COCTOSIHUE CUCTEMBI;
steady ['sted1] state — cTalimOHapHBIN pPEKNUM
self-terminated [self't3:minertid] operation — MUYKOBEII peXUM (B OTIIM-
YHe OT CTAallMOHAPHOTIO);
self-terminated lasing — reHepamus Ha CaMOOIPaHUYEHHBIX IIEePEeXomax
relaxation [ rilek'serf(o)n] time — Bpems penakcaiuu (CKU3HM)
mode [moud] — Moma, TUIT KoJleOaHUIA;
mode-locking ['moudlokin] — cmHXpOHM3ALNST MO
to store [sto:] — XxpaHUTB, 3anacaTb, HAKAIINBATE;
storage — mamsITh, HAKOIUICHUE
Q-switching ['kjuiswitfin] — MomyIsIust HOOPOTHOCTH;
Quality factor (Q) ['kwolotr 'faekta] — KO3 PHUIIEHT TOOPOTHOCTH
cavity dumping ['’kevotidampin| — 3aTyxatoiue KoaedaHus
curve [k3:v] — KpuBas JUHUS;
gain curve — KOHTYpP YCUJICHUS
performance [po'formons| — pabora, paboune XapakKTepUCTUKU
to saturate ['setf(o)rert] — HacHIIIATS;
saturation [seetf(o)'rerf(a)n] flux [flaks] — moTok HackIeHUSs

Word study

1. Read and translate without a dictionary:

thermal ['©3:m(a)l], system ['sistom], stimulate ['stimjolert], integrate
['intigrert], intense [in'tens] , alternately [o:1't3:natli], nominal ['nomin(a)l],
radioactivity [ reidiougek'tivati], combination [kombr'neif(a)n], diode ['daroud],
orange ['orindz], rhodamine ['roudomi:n], collectively [ka'lektrvli].

60




2. Translate the word-combinations that follow:

medium — laser medium, gain medium, pulse-pumped laser medium, energy-

storage medium;

level — laser level, ground level, lower laser level, upper laser level, three-level

laser system, upper laser level relaxation time, higher-lying pump level;

density — average power density, population inversion density, input (output)

power density.

3. Find equivalent phrases either in Text 6A or in the right-hand

column:

1) Tun ymuvpeHus JUHUU (HACBIIIEHUS)

a) spectral gain bandwidth

2) cBOIiCTBa ycUIMUBaIOIIE cpeabl

b) saturation flux

3) UICTOYHUK HAKAYKU

¢) stimulated emission cross-section

4) cOCTOSTHME UHAYLMPOBAHHOTO U3JIy4ye-
HUS

d) properties of gain medium

5) HaKOTUIEHHAsT SHEPTUs

e) weak pulse

6) BLICBOOOKIATH SHEPTUIO

f) colour center laser

7) pexkuM IeHCTBUS

g) pumping source

8) cnabblit UMITYIbC

h) stored energy

9) nazep ¢ OKpalIeHHBIMU LICHTPaAMM

i) type of saturation

10) moToOK HaCHIIIEHUS

j) release energy

11) mmMpuHa MoJoChl COEKTPaTbHOTO
YCUJICHUS

k) mode of operation

Reading and discussion 1

4. Read Text 6A and answer the following questions.

[a—

What does a laser performance mode depend on?

2. Under what conditions does laser operation in a stationary mode take

place?
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Text 6A
PROPERTIES OF SOME IMPORTANT LASERS

The output energy and/or power obtainable from a given laser medium
are determined both by the microscopic properties of the gain medium and
by its associated “scaling laws”".

In general terms, a laser medium is said to be a “three-level laser system”
when the lower laser level is the ground state of the system, the other two
levels being the upper laser level and a higher-lying pump level; it is said to be
a “four-level system” when the lower laser level is a level lying above the
ground level of the system (usually with sufficient energy, so that it is thermally
unoccupied).

The relaxation times of the upper and lower laser levels determine the
basic modes of operation possible for the laser itself. If the relaxation time of
the lower laser level is much shorter than the upper laser level relaxation time
(due to stimulated as well as spontaneous processes) then the laser may be
operated in the steady state with a cw output. When the inverse relation
between level relaxation times is obtained, cw operation is precluded and self-
terminated pulsed operation may occur.

A pulse-pumped laser medium is said to be an energy-storage medium
when the lifetime of the upper laser level is much longer than the desired
pulse duration of the output pulse. In this situation the upper laser level is
able to integrate the power supplied by the pumping source. Stored energy
can then be released in an output pulse using mode-locking, Q-switching,
or cavity dumping techniques; alternatively, pump energy stored in a laser
power amplifier can be released in an intense short pulse upon passing a
weak short pulse from a master-oscillator through the power amplifier
(MOPA).

The key microscopic (intrinsic) laser parameters of the gain medium are:
nominal wavelength; stimulated emission cross-section; spectral gain
bandwidth and type of saturation (homogeneous/inhomogeneous); saturation
fluence or flux; radiative and kinetic lifetimes of upper and lower laser levels;
and the characteristic specific excitation parameters are population inversion
density; small signal gain coefficient; input and output power (energy)
densities.

Spectral tunability is a particularly useful property of many laser sources.
Semiconductor diode lasers, organic dye lasers and colour center lasers are
particularly known for this property. Using several different dye types and
various solvents, the spectral region from 350 to 1000 nm can be spanned
with tunable dye lasers. A single dye-solvent combination typically can be
tuned several hundred wave numbers away from the spectral peak of the gain
curve. Best dye laser performance is currently achieved with the yellow —
orange rhodamine dye. Power and energy availability tend to roll off to the
blue and to the red, also useful amounts of energy and power can be achieved
in these spectral regions.

I scaling ['skerlip] law — 3mech: 3aKOH pacrpeneeHus] ypoBHei
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Semiconductor lasers of various types collectively span the spectral region
from 330 um to beyond 15um. Depending on the type of diode tuning can be
accomplished using an applied magnetic field, by changing the current passing
through the diode, or by applying pressure to the diode.

Increase your vocabulary

5. 1In each group find the word that doesn’t belong:

a) lower, upper, smaller, power, bigger, hotter, shorter, higher;

b) associated, terminated, stored, precluded, released, unoccupied,
described, tuned;

¢) sufficient, different, coefficient, magnificent, fluorescent, efficient.

6. Find an antonym for each verb below in Text 6A:
lower level, longer than, output power, direct relation, occupied level, released
energy, weak pulse, homogeneous saturation, above.

7. Complete the sentences below with the appropriate word or
word-combination from Text 6A.

1. When the lower level is above the ground level of the system, a laser medium

is said to be . 2. When the lifetime of the upper laser is
much longer than the desired pulse duration of the output pulse, a laser me-
dium is said to be . 3. When the relaxation time of the
lower laser level is much longer than that of the upper Ilev
el, . 4. The tuning of semiconductor lasers
can be accomplished by . 5. Semiconductor lasers,

organic dye lasers and colour center lasers are famous for the property
of

8. Translate the sentences below focusing on the underlined
words.

1. The term laser stands for light amplification by stimulated emission of
radiation. 2. There are many phenomena of the interaction of light with
matter, which are readily described in terms of photon. 3. Continuous systems'
modeling should be analyzed in terms of modified curves. 4. In broad terms
it is found that optical threshold depends on the wavelength of the incident
radiation. 5. Semiconductor lasers are usually differentiated in terms of the
means by which the hole-electron pair population inversion is produced. 6.
Laser sources are commonly classified in terms of the state of matter of the
active medium. 7. Laser oscillation is marked by dramatic narrowing of the
spectral and angular distribution of the spontaneous emission radiation. This
statement was first made by Maiman in 1960. 8. The United States of America
is a Federal Republic of 50 states done together by the pact of 1787. 9. As the
engine has a mechanical compression it is capable of operating under static
conditions.
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9. Answer the following questions abaut Text 6A.

1. What determines the output energy? 2. What is the difference between a
three-level laser system and a four-level laser system? 3. How does laser
operation depend on the relaxation time? 4. Under what conditions can self-
terminated pulsed operation occur? 5. What laser property allows spanning
the spectral region from 330nm to beyond 15nm? What types of lasers are
known for this property? 6. How can a semiconductor laser be tuned?

10. Write an abstract of Text 6A.

Reading and discussion 2

11. Skim Text 6B and answer the following question.

Why does laser radiation have a very straight direction of wave propagation?

Text 6B
SOLDIERS IN LOCKSTEP!

To understand why light from the laser is so concentrated, you must recall
that light travels in waves, like ripples on a pond. The distance from the crest
of one wave to the crest of the next is the wavelength. Ordinary white light is
made up of many wavelengths travelling in every direction. This is known as
incoherent light. Laser light, on the other hand, is coherent. It is essentially
of one wavelength, with all the waves moving in one direction. Because the
laser wavelengths reinforce each other like soldiers marching in lockstep, they
can remain in an unbelievably straight narrow beam for long distances instead
of fanning out like a flashlight beam. Almost any substance can be forced to
“lase” if you work hard with it. Gas lasers give off continuous beams of laser
light in contrast to the sharp pulses of the ruby laser. Tiny semiconductor
lasers made of bits of such materials as gallium arsenide work best at ultra-
cold temperatures. Many lasers give off invisible radiation, either infrared or
ultraviolet. The carbon-dioxide laser, one of the most powerful yet invented,
shoots a continuous beam of intensely hot but invisible infrared light.

12. Translate Text 6C in writing using a dictionary.
Text 6C
AVERAGE POWER SCALING
Increasing the average power output of a laser as it is made bigger is

determined primarily by the rate at which waste heat generated in the laser
process can be removed from the laser medium and/or the active volume

! lockstep ['lokstep] — 1uar B HOry (B CTPOIO); LIaraTh B HOTY TECHBIM CTPOEM
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enclosed by the optical resonator. In average power producing lasers of
practical interest, removal of waste heat is accomplished by either convection
or conduction, the choice depending on the class of laser medium involved.
For both gaseous and liquid laser media, scaling to high average power is
achieved using convective flow of the waste heat (and spent laser medium)
out of the active volume defined by the laser resonator. In the case of gas
lasers, the flow may be supersonic (as in the CO, gasdynamic laser which has
resulted in the highest average output power achieved so far) or it may be
subsonic. In the case of liquid dye lasers, significant average power has been
obtained using a confined transverse flow of the organic dye laser medium
through the optically pumped laser volume, as well as by using a free — flowing
transverse jet stream.

In the case of solid state lasers, the laser medium itself cannot be rapidly
and continuously moved through the volume of space defined by the laser
resonator and the cooling of the laser medium must be accomplished by
conduction of waste heat to an exterior surface. This surface can then be
cooled using a gaseous or liquid cooling fluid flowing across it. Crystalline
materials generally exhibit relatively high thermal conductivities which are
strongly temperature dependent compared to those of amorphous glasses
which are essentially temperature independent.

13. Make a Power Point presentation on one of the subjects covered
in the module.

Supplementary reading tasks

Task 1. Supply the missing prepositions:

1) that will help to get rid
statistics; 3) population suffers

the deflection; 2) according
this defect; 4) an insignificant defect is

capable causing big trouble; 5) the technology is based directing
the laser ray; 6) a short time period; 7) the scientists at the institute are
engaged developing technology.

Task 2. Match the verbs with nouns to obtain meaningful word-
combinations:

1) treat | 5) undergo a) 15—20 minutes e) discoveries

2) take | 6) carry out | b) anesthesia f) short-sightedness
3) pave | 7) have ¢) medical equipment g) side effects

4) make | 8) develop d) the way h) research
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Task 3. Read the text that follows to find out what the new technology
is based on.

New laser equipment stops snoring and blindness

Russian physicists at the Institute for Laser Problems and Information
Technology have developed medical equipment that will help to get rid of the
deflection of the nasal septum'. According to statistics, 20 to 30 percent of the
world population suffers from this defect.

Even an insignificant defect is capable of causing big trouble from a
chronic nasal catarrh? and inflammation of the auditory tube® to a terrible
snore. Until recently, the defect could be corrected only surgically, says the
head of the laboratory of the bio-photonics of the institute, Emil Sobol. “This
was a major surgical operation with heavy loss of blood and the patient had to
undergo anesthesia,” says Emil Sobol. “We developed a simple and non-
traumatic surgery to get rid of this abnormal condition. The technology is
based on directing the laser ray on a small area for a short time period to
change the structure and mechanical properties of the nasal septum. This will
make the tissues* plastic for a short time during which the form of the nasal
septum is corrected.”

This will take only 15...20 minutes and the nasal septum will remain
normal and healthy after the procedure, but it will anatomically have a
correct form. The patient can go home calmly. This device was developed in
Russia, but it was earlier used for telecommunication purposes. However,
the scientists at the institute modified it for use in medicine, says Emil
Sobol.

At present the scientists at the institute are engaged in developing
technology to correct the form of eye cornea’ to treat short-sightedness or
long-sightedness. The new technology will replace operations, including the
widely used laser surgery, which destroys tissues and has side effects. The
Russian development paves the way for carrying out such operations without
harming cornea and side effects. So far, Russian physicists have not studied
dental problems. However, according to Emil Sobol, research in the restoration
of tissues, which has been carried out for over 20 years, will help to make
discoveries and reveal new capabilities that will be successfully used by dentists
t00).

1
2

nasal septum [,ne1z(a)l 'septom] — meperoponka Hoca
nasal catarrh [ko'ta:] — KaTapaJIbHBIII PUHUT

3 inflammation of the auditory [‘o:dit(a)r1] tube — BocnaseHue eBCTaxueBoil (CIyXOBOii)
TpyObI

4 tissue — TKaHb

5 cornea ['koinia] — porosuua (poropast 060J04Ka 171a3a)
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Task 4. Read the text that follows and discuss the use of lasers for
spacecraft propulsion.

Laser-propelled spacecraft

Because they are scalable to higher powers, pulse-periodic lasers may be
useful for spacecraft propulsion. The Lightcraft, developed by Leik Myrabo
of Lightcraft Technologies (Bennington, VT) and tested at White Sands
Missile Range (White Sands, NM), is a craft that receives a ground-based
laser beam, focusing it to create a detonating plasma from the air just behind
it, propelling it upward. A 10-kW CO, laser pulsed at 28 Hz and with a pulse
duration of a few microseconds has propelled a small Lightcraft to a height of
128 ft.

“Victor Apollonov’s regenerative-amplifier gas-dynamic-laser
experiments look very promising, and particularly so for applications that
demand rapid scaling into the multimegawatt level, kilohertz pulse-repetition
frequencies, and submicrosecond pulse durations — all attractive for the
current laser Lightcraft engine design,” says Myrabo.



Module 7 Texts:

LASER A. Laser operation

OPERATION B. Stoichiometric lasers
C. Laser safety

Terminology

host [houst] crystal ['krist(a)l] — MaTpuIila, OCHOBHOM KpHUCTaJUI, KPUCTAJLI-
XO3SIMH

terminal ['t3rmin(a)l] state — HIKHMIZ paOdoOUMii ypOBEHb

thermal ['O3:m(9)]] excitation [eksr'terf(o)n] — TenaoBoe BO30yKIeHUE

zero-phonon ['founon]-line energy — HyJIeBOIl SHEPreTUUECKUIA YPOBEHb
¢doHOHa

phonon-assisted ['founono'sistid] transition [treen'zif(e)n] — nepexon ¢
HajnnareM (POHOHa, IIepexon ¢ yyacTueM ()OHOHOB

cavity ['kaevatl] — monocTh, pe30HATOP;
intracavity [, ntro'keeveti] — BHyTpUPE30HATOPHOE YCTPOKCTBO, KIOBET

mirror-folded ['mirsfouldid] cavity ['keaeveti] design — 3epkanbHass KOH-
CTPYKLIUS C M3JIOMOM OCH

quasi ['kwaizi] continuum [kon'tinjusm| — KBa3u-HeNpepbIBHBIN

coupler ['kaplo] — BBIXOIHOI 2JIEMEHT CBSI3U

flight time ['flaittaim| — Bpems mposeta

losses ['losiz] — moTepn

spatial coherence ['speif(o)l ko(u)'hior(a)ns] — mpocTpaHCTBEHHAsI KOTe-
PEHTHOCTH

Word study

1. Read and translate the following words:

practice ['preektis], factor ['feekta], criteria (pl.) [krar'tioria], criterion (sing.)
[krar'tiorton], ignore [igmo:], focus [‘foukes], horizontal [hori'zont(9)l],
vibrational [varbreif(a)nal], vibronic [varbronik], fluorescence [flo:'res(a)ns],
selective [sr'lektrv], microsecond ['maikra(u)sek(o)nd].
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2. Match the words in the left-hand column with their definitions
in the right-hand column:

1) operation a) a transposition in the relative numbers of atoms, molecules,
etc. occupying particular energy levels

2) application b) the process in which an atom or other particle adopts a
higher energy state when energy is supplied

3) inversion ¢) the fact or condition of functioning or being active

4) combination | d) the factors or prevailing situation influencing the
performance or the outcome of a process

5) excitation e) the emission of energy as electromagnetic waves or as
moving subatomic particles, especially high-energy particles
which cause ionization

6) absorption f) the use of something in a particular situation

7) solution g) a reduction of the intensity of any form of radiated energy
as a result of energy conversion in a medium, such as the
conversion of sound energy into heat

8) radiation h) a change of an atom, nucleus, electron, etc. from one
quantum state to another, with emission or absorption of
radiation

9) transition i) ajoining or merging of different parts or qualities in which

the component elements are individually distinct

10) conditions j) aliquid mixture in which the minor component (the
solute) is uniformly distributed within the major
component (the solvent)

3. Find equivalent phrases either in Text 7A or in the right-hand
column:

1) orpaHMYeHHOE MHOXECTBO (psifa) a) long compared to

2) HE B COCTOSIHUU YIOBJICTBOPUTH b) with respect to

3) nazep oOIIEro Ha3HAYEHUSI ¢) intracavity reflection losses

4) uneaabHO YETHIPEXYPOBHEBBIN d) gain medium for amplification

5) BHYTpUpPE30HATOPHEIE TTIOTEPH Ha OTpa- e) continuously operating laser
JKeHUE
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6) nazep HENPEPLIBHOTO MU3JIyYEHMUSI f) high velocity jet

7) IUTENbHBIN TI0 CPaBHEHUIO g) fail to satisfy

8) moaHOCTBIO onpeneseTcss TpedboBaHUEM h) strict four-level

9) cTpys, aetsiasi ¢ 00JbILIONH CKOPOCTHIO i) limited variety

10) cpena miist moay4YeHUs YCUJIEHUS Jj) general purpose laser

11) OTHOCUTEIBHO YET0-TO k) is entirely determined by the
requirement

Reading and discussion 1

4. Read Text 74 and answer the following questions.

1. What condition is necessary for a given ion or host to operate
effectively?
2. What are the main properties of a dye laser?

Text 7A
LASER OPERATION

General. A great many different combinations of transitions, paramagnetic
ions, and hosts exhibited laser operation. In practice, however, only a limited
variety of paramagnetic ion lasers are commonly used for either research or
industrial applications. Many factors determine whether or not a given ion
and host will operate effectively as a laser, and many of the lasers fail to satisfy
all the necessary criteria for practical systems.

Of major importance for any system is the need for a low pump-power or
energy threshold for stimulated emission. It is desirable to have a minimum
initial population of ions in the desired laser level or terminal state. In strict
four-level laser this population is sufficiently small such that the effect on
threshold of absorption from the lower state can be ignored. At the other
extreme, in a three-level laser, the terminal level is the ground state of the ion
and the threshold is almost entirely determined by the requirement that more
ions be in the upper laser level than the ground state. Many paramagnetic-ion
lasers fall in the region between the two extremes; in some cases laser operation
may be four-level in nature at low temperature, where thermal excitation of
the terminal level is negligible, but tend toward three-level operation at higher
temperatures. For vibronic or phonon-assisted transitions, four-level operation
is obtained between two electronic levels when vibronic absorption is negli-
gible in the vibronic emission region. This condition is achieved when the

70




difference between zero-phonon-line energy and the desired emission energy
is large compared to the thermal energy.

The first suggestion that organic materials might be useful in laser
applications was made by Rautian' and Sobelman?. After the discovery of the
dye laser by Sorokin and Lankard?, numerous reports followed which detailed
the study of various classes of fluorescent organic materials. These lasers
provide maximum user flexibility, producing cw or pulsed output across the
visible spectrum and into the infrared. They are designed for convenient and
reliable operation over a broad range of wavelengths and are found to be
reliable sources of intense tunable laser light.

It is a linear laser based on three mirror-folded cavity design. A fourth
mirror focuses the incoming pump laser beam into a high velocity horizontal
dye jet. This jet is placed at Brewster’s angle with respect to the dye laser
beam to minimize intracavity reflection losses. Upon excitation with the
intense pump beam, a population inversion between ground and first excited
state of the complex is ac hieved. The dye solution then can act as a gain
medium for amplification of the spontaneous emission (fluorescence) of dye
molecules returning to the ground state. Since this relaxation occurs into the
quasi continuum of ground state vibrational levels, the fluorescence has a
continuous character and laser action can be obtained over a broad wavelength
range, often 100 nm or more. By inserting a wavelength selective element in
the large intracavity space near the output coupler the dye laser can be tuned
over this wavelength range with linewidths down to a few GHz. The high
velocity jet restricts the flight time of dye molecules through the active area to
less than a microsecond, which is long compared to the fluorescence process
but is short compared to other processes like phosphorescence that would
reduce the dye laser efficiency.

Increase your vocabulary
5. In each group find the word that doesn’t belong:

a) effectively, entirely, sufficiently, relatively, efficiency, generally, commonly,
practically;
b) initial, usual, electrical, negligible, horizontal, thermal, removal.

6. Match:
a) synonyms — gain, occur, large, rate, general, amplification, take place,
broad, velocity, common;

' Sergei Glebovich Rautian (1928 —2009) was a Soviet and Russian physicist specializing
in optics, spectroscopy, quantum electronics and atomic physics.

2 Igor Ilyich Sobelman (1927 —2005) was a Russian physicist known, among other things,
for his papers in quantum electronics.

3 Peter P.Sorokin is an American physicist and co-inventor of the dye laser. Sorokin and
his colleague J.R. Lankard, at IBM Research Laboratories, used a ruby laser to excite a near
infrared laser dye.
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b) antonyms — low, simple, general, excitation, short, specific, initial,
relaxation, high, long, complex, terminal.

7. Complete the sentences below with the appropriate word or
word-combination from Text 7A.

1. There are a lot of substances operating as a laser but only some of them are
effectively used for . 2. As for the four-level lasers the effect
on the threshold of absorption from the lower state can be ignored because
. 3. For vibronic transitions, 4-level operation is obtained

when . 4. A population inversion in the dye laser is excited
with . 5. Rautian and Sobelman were the first to suggest
that . 6. The dye laser can be tuned over a wavelength

range of 100nm or more by . 7. The flight time of dye
molecules is restricted by .

8. Translate the sentences below focusing on the underlined
words.

1. Laser oscillation has been observed in a wide variety of gas systems.
2. Holes of various shapes can be cut by focused radiation of pulsed or cw
lasers. 3. The ability to vary the lasing ion concentration over a wide range
allows further optimization of a particular laser design. 4. Variations in the
dye flow rate can cause variations in the output power. 5. The output from a
radar receiver can be viewed as a random process and the models of this
process as random variables. 6. As for increasing the peak-power output of a
laser, it is limited by the optical damage properties of the laser medium itself.
7. As shown in the Figure different tuning elements may be utilized in the
general purpose dye laser. 8. In the dye laser both tuning elements are available
as separate modules as well and can be installed in the laser at any time. 9. In
order to achieve flashlamp pumping of organic dye lasers, the strictest
attention must be paid to the attainment of very short pulses as well as
determination of the actual limit.

9. Answer the questions about Text 7A.

1. Why do many lasers fail to satisfy all the necessary criteria for practical
systems? 2. What condition is considered to be of great importance for any
system? 3. Is the initial population of ions in the 4 and 3 — level lasers equal?
4. Describe conditions for vibronic transition. 5. Give any details about the
dye laser performance?

10. Speak about dye laser structure and operation.

11. Write an abstract of Text 7A.
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Reading and discussion 2

12. Skim Text 7B and answer the following question.

What are the differences between stoichiometric lasers and the common solid
ones?

Text 7B
STOICHIOMETRIC LASERS

A stoichiometric crystal laser is by definition a laser whose gain medium
contains the lasing' ion as an intrinsic constituent? of the insulating crystal
lattice. In such laser crystals the active ion may be partially replaced by other
ions; however the pure or truly stoichiometric form of such mixed crystal
must have demonstrated laser action. Although not exactly synonymous, the
term ‘high-concentration’ is often used to describe such lasers. In scientific
literature these lasers are frequently referred to as ‘self-activated’. The major
distinction to be made between this type of laser material and the more
common solid state laser crystals developed earlier is that the active ions in
the latter case occur in the lattice as impurities® with concentrations generally
less than a few percent. The first reported stoichiometric laser was HoF;*.
Interest in this field was stimulated in 1972—1973 by the achievement of
lasing in NdP;0,,, (neodymium pentaphosphate). The significance of this
development lies in the utilization of Nd, a lasing ion of great practical
importance but whose concentration in earlier hosts had been severely limited,
since then many other stoichiometric laser crystals have been synthesized and
the potential for future development seems very promising.

13. Translate Text 7C in writing using a dictionary.

Text 7C
LASER SAFETY

The health and safety hazards associated with the use of lasers are often
broken into three general categories: laser radiation hazards, electrical hazards,
and hazards from associated contaminants. This text is therefore divided into
three sections which emphasize these three types of hazards.

The hazards from laser radiation are confined largely to the eye and, to a
smaller extent, the skin. Few serious eye injuries due to lasers have been
reported since the appearance of commercial devices. The accident rate is not

! lasing — 34: aKTUBHBII

2 an intrinsic [mn'trinzik] constituent [kon'stitjuont] — HeoThbeMJIEMask COCTABHAS YaCTh
3 impurities [1m'pjuaratiz] — (Jerupyronye) npuMecu

4 HoF; — Tonbmuii d1op;,
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that low because the ocular exposure limits are overly conservative; they are
not. Instead, the possibility of accidental exposure of the eye to a collimated
beam is extremely remote if a few rudimentary commonsense precautions are
followed.

Electrical hazards so far have proven more serious. At least five laser
workers have been electrocuted. Procedures for handling high voltages safely
are to be found elsewhere.

Hazards from airborne contaminants, such as vaporized target materials,
cryogenic fluids, noise and explosive mixtures are also of concern in some
specialized applications and in some research laboratories. Some of the
solvents used in dye solutions have the ability to carry their solutes through
the skin and into the body chemistry.

14. Make a Power Point presentation on one of the topics covered in
the module.

Supplementary reading tasks
Task 1. Reorder the passages below to obtain a logical text.

Light is a thing and it travels from one point to another

1. A more convincing way to decide in
which category light belongs is to find
out if it takes time to get from the
candle to your eye; in Newtonian
physics, action at a distance is
supposed to be instantaneous. The fact
that we speak casually today of “the
speed of light” implies that at some
point in history, somebody succeeded
in showing that light did not travel
infinitely fast. Galileo tried, and failed,
to detect a finite speed for light, by
arranging with a person in a distant
tower to signal back and forth with
lanterns. Galileo uncovered his lantern,
and when the other person saw the
light, he uncovered his lantern. Galileo
was unable to measure any time lag
that was significant compared to the
limitations of human reflexes.

2. An important issue that few people
have considered is whether a candle’s
flame simply affects your eye directly,
or whether it sends out light which
then gets into your eye. Again, the
rapidity of the effect makes it difficult
to tell what’s happening. If someone
throws a rock at you, you can see the
rock on its way to your body, and you
can tell that the person affected you by
sending a material substance your way,
rather than just harming you directly
with an arm motion, which would be
known as “action at a distance.” It is
not easy to do a similar observation to
see whether there is some “stuff” that
travels from the candle to your eye, or
whether it is a case of action at a
distance.
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3. Based on these measurements,
Roemer estimated the speed of light to
be approximately 2-10® m/s, which is
in the right ballpark compared to
modern measurements of 3-10% m/s.
(I’'m not sure whether the fairly large
experimental error was mainly due to
imprecise knowledge of the radius of
the earth’s orbit or limitations in the
reliability of pendulum clocks).

4 Newtonian physics includes both
action at a distance (e.g. the earth’s
gravitational force on a falling object)
and contact forces such as the normal
force, which only allow distant objects
to_exert forces on each other by
shooting some substance across the
space between them (e.g., a garden
hose! spraying out water that exerts a
force on a bush).

5. One piece of evidence that the
candle sends out stuff that travels to
your eye is that intervening transparent
substances can make the candle appear
to be in the wrong location, suggesting
that light is a thing that can be bumped
off course?. Many people would
dismiss this kind of observation as an
optical illusion, however. (Some optical
illusions are purely neurological or
psychological effects, although some
others, including this one, turn out to
be caused by the behavior of light
itself).

6. The earth does not, however, stay at
a constant distance from Jupiter and its
moons’. Since the distance is changing
gradually due to the two planets’
orbital motions, a finite speed of light
would make the “Io* clock” appear to
run faster as the planets drew near each
other, and more slowly as their
separation increased. Roemer did find
a variation in the apparent speed of
Io’s orbits, which caused lo's eclipses®
by Jupiter to occur about 7 minutes
early when the earth was closest to
Jupiter, and 7 minutes late when it was
farthest.

7. The first person to prove that light’s
speed was finite, and to determine it
numerically, was Ole Roemer®, in a
series of measurements around the year
1675. Roemer observed Io, one of
Jupiter's moons, over a period of
several years. Since lo presumably took
the same amount of time to complete
each orbit of Jupiter, it could be
thought of as a very distant, very
accurate clock.

8. A practical and accurate pendulum
clock had recently been invented, so
Roemer could check whether the ratio
of the two clocks’ cycles, about 42.5
hours to 1 orbit, stayed exactly
constant or changed a little. If the
process of seeing the distant moon was
instantaneous, there would be no
reason for the two to get out of step’.
Even if the speed of light was finite,
you might expect that the result would
be only to offset® one cycle relative to
the other.

! garden hose — canoBbIii LLIAHT

2 off course — B CTOPOHY OT MPUHSTOTO Kypca

3 moon — CMyTHUK TIaHETHI

4 To ['atou] — M6 (onmH u3 cnytHUKOB FOnuTepa)

3 eclipse [I'klips] — 3aTMeHue

6 Ole Christensen Romer (1644, Arhus — 1710) was a Danish astronomer who in 1676
made the first quantitative measurements of the speed of light. In scientific literature alternative

non

spellings such as "Roemer”,

Romer", or "Romer" are common.

7 get out of step — BbINAAAaTh U3 CUHXPOHHOCTHU, HE COOTBETCTBOBATD
8 offset — KOMIIEHCUPOBATh, YPABHOBEILNBATD
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Task 2. Choose the correct definition for these words and expressions
(underlined in the text):

Para 2:
to affect means (a) to make something happen, (b) to do something
that produces an effect or change in something or in someone’s
situation, (c) to destroy or remove something;

send out means (a) to make something lose value, (b) to make a
person or a group of people or things go from one place to various
other places, (c¢) to broadcast or produce a signal, light, sound etc.;

Para 4:
to spray out means (a) to force liquid out of a container so that it
comes out in a stream of very small drops and covers an area, (b) to
become known about or used by more and more people, (c) to cover
a large area;

Para 5:
a piece of evidence means (a) information that is given in a court of
law in order to prove that someone is guilty or not guilty, (b) a way of
finding out whether something is as good as people say it is, whether
it works, or whether it is true, (c) facts or signs that show clearly that
something exists or is true;

to bump off course means (a) to move something into a different
direction, (b) to move up and down, (¢) to hit or knock against
something;

to dismiss means (a) to remove someone from their job, (b) to fail to
hit or catch an object, (c) to refuse to consider someone’s idea, opinion
etc., because you think it is not serious, true, or important;

to turn out means (a) to happen in a particular way, or to have a
particular result, especially one that you did not expect, (b) to move
your body so that you are looking in a different direction , (c) to make
or let someone or something go out from where they are;

Para I:
a more convincing way means (a) friendly and pleasantly cheerful, (b)
making you believe that something is true or right, (c¢) sudden, violent,
and impossible to control;

to find out means (a) to get information, after trying to discover it or
by chance, (b) to discover, see, or get something that you have been
searching for, (c) to discover or learn something by study, tests, etc.;

to succeed in means (a) to continue to do something that has already
been planned or started, (b) to be the next person to take a position or
job after someone else, (c) to do what you tried or wanted to do;

to fail means (a) to not succeed in achieving something, (b) to move
or drop down from a higher position to a lower position, (c) to go
down to a lower level, amount, price etc.;
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back and forth means (a) once again, (b) going out from a place or
point, (c¢) going in one direction and then in the opposite direction,
and repeating this several times;

Para 8:

pendulum means (a) a long metal stick with a weight at the bottom
that swings regularly from side to side to control the working of a
clock, (b) a special ability to understand things very clearly and
completely, (c) the ability of a machine to always continue moving
without getting energy from anywhere else, which is not considered
possible;

Para 6:
fo draw near means (a) to make someone notice something, (b) to
approach, come closer, (c¢) to be similar to something;

Para 3:

a ballpark means (a) a field for playing baseball with seats for watching
the game, (b) an idea, method, or quality that is typical of a particular
person or thing, (c) a range of values.

Task 3. Combine the numbered and lettered words to obtain
verb + noun word-combinations:

1) adjust 5) capture a) the burden e) a signal

2) provoke 6) justify b) the high beams f) the mirror position
3) pick out 7) face c¢) different reactions g) the headlights

4) remove 8) turns off | d) the use h) a light source

Task 4. Combine the numbered and lettered words to obtain
noun/adjective + noun word-combinations:

1) lightly used

7) rearview

a) car

g) roads

2) oncoming

8) windshield

b) wipers

h) accuracy

3) automatic

9) mirror

¢) discharge

i) CMOS imaging

lamps chip
4) headlamp- 10) mercury- d) high-beam j) mount
dimming vapor systems
5) high 11) alternating €) mirror k) analysis
6) miniature 12) Fourier f) system 1) current
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Task 5. Read the text below and discuss the functioning of automatic
high-beam systems.

High-beam!' switcher recognizes cars

Driving at night on lightly used roads and having to face the headlights?
of an oncoming car provokes different reactions in different people. Out of
fear of annoying® the other driver, some never switch on their high beams in
the first place. Others decide there is no better place for a game of chicken*
and keep their own high beams blazing, waiting for capitulation. The most
common reaction is a moderate underuse® of high beams, resulting in a subtle
loss of safety — a US Department of Transportation study found that, on
average, drivers use their high beams less than 25 % of the time during which
conditions justify their use. Automatic high-beam systems have been developed
that sense® oncoming headlights with a photodiode and then switch the car’s
beams from high to low, removing the burden of decision from the driver.
Unfortunately, these systems also react to streetlights.

Now a headlamp-dimming system developed by Gentex Corp. (Zeeland,
MI) relies on a complementary metal oxide semiconductor (CMOS) imaging
sensor rather than a single photodiode, and can discriminate between
oncoming headlights and other light sources with high accuracy. In addition,
the forward-facing system senses taillights” up ahead, switching beams from
high to low then back to high. The system responds faster than a human can —
important when an oncoming car appears quickly over a rise.

A miniature CMOS imaging chip is at the heart of an automatic
automobile high-beam control system. The chip, optics, and image-processing
electronics are integrated into the car’s rearview mirror. This location is
roughly the same as that of the driver, has a view cleared by windshield
wipers®, and is protected from weather. A low-cost 16-bit microcontroller
unit fits within the body of the mirror, while the sensor and inexpensive optics
reside in the mirror mount, allowing the mirror position to be adjusted by the
driver without changing the orientation of the sensor.

The system uses a variety of techniques to distinguish between relevant
and irrelevant light sources. Although not full-color, the sensor does have
color capability, differentiating between red (to identify taillights) and all other
colors. To recognize and exclude streetlights, the system relies on the fact that
sodium and mercury-vapor discharge lamps connected to the electricity grid
run on 60-Hz alternating current, which produces a 120-Hz flicker. The

! high beam — manbHuUit ceT ap

2 headlights ['hedlarts] — nepenHue dapbl

3 annoy [e'no1] — pasapaxarb

4 a game of chicken — urpa B Tpyca (urpa, B KOTOPOii Ba UTPOKA OCYLIECTBJISIOT OMnac-
HOe JIeiicTBre, Bemyllee K HeraTUBHOMY MCXOJY)

5 underuse [Anda'juiz] — HEMONHOE UCMOAB30BAHUE

% sense — OGHApPYKMBaTh, pearupoBaTh Ha

7 taillight ['terllart] — 3amHss dapa

$ windshield ['win(d)fizld] wipers — mETKa CTEKJIOOUMCTUTENS, TBOPHUKHI
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CMOS sensor’s windowing capability — where a subset of pixels can be caused
to capture a signal at an increased rate — comes into play' here. As described
by Stam, the sensor and electronics pick out a light source and zoom in? on
it with a 3 x 3 pixel window, imaging at 480 frames per second. A Fourier
analysis done on the resulting signal looks for a 120-Hz frequency component;
if it is present, the light source is deemed irrelevant.

To make the transition from low to high beams and back again more
esthetically pleasing, the system slowly fades the high beams on and off. When
an oncoming car appears over a hill or around a corner, the system overrides
the fade and turns the high beams off instantly. Those night drivers playing
high-beam games of dominance can thus turn their energies to some other
endeavor — perhaps a calming breathing exercise to erase that last vestige of
road rage.

' come into play — HayaTh IeiicTBOBaTb, BCTYMaThb B IeiiCTBUE; OOHAPYKUTLCS, MPOsi-

BUTLCA
2 zoom in on — YBCJINYUBATDL, ACTAJIM3UPOBATDH I/I306pa)KCHI/IC



Module 8 Texts:
OPTICAL FIBRES A. Communication with lasers.

Introduction

B. Optical fibre data
transmission systems

C. Optical fibre video
transmission systems

D. Optical fibre public
telecommunication systems

Terminology A

communication system [komjuinr'keif(a)n 'sistoam| — cucrema cBsI3u;
optical fibre ['optik(a)] 'faiba] communication system — BOJIOKOHHO-OII-
Tnueckas cuctema csga3u (BOJIC);
metal-wire ['met(a)l,waro] communication system — KaGeqbHasi cucTeMa
CBSI3U
propagation loss [,propa'geif(o)n,los] — moTepu mpu pacnpocTpaHeHUU
emitter [1'mito] — u3IyyaTesb;
semiconductor light emitter — moayIIpOBOTHUKOBBIN U3/Iy4YaTenb CBeTa
to detect [dr'tekt] — oGHapyXuBaTh, perUCTPUPOBATh;
detector [dr'tekto] — nmpueMHUK;
semiconductor light detector — moaynpoBOAHUKOBBII MPUEMHUK CBETA
transmission capacity [treenz'mif(o)n ko'paesati] — mporyckHast croco6-
HOCTb;
long-distance (long-haul [lon'ho:l]) transmission — Iepenaya Ha gajib-
HUE pacCTOSTHUS
channel ['tffzen(s)l] — kaHan
signal leakage |['sign(o)l 'lizkidg] — yTeuka curHajoB, OTepsl CUTHaJIa
cross talk ['krosto:k] — B3auMHBIe TTOMEXH, MMePEKPECTHAS TTOMexXa
repeater [r1'piita] — MOBTOPUTENb, PEITUTEDP, PETPAHCIIATOP, IIPOMEXKYTOY -
HbIA YCUJIUTEIb

Word study

1. Underline prefixes and suffixes:

fundamental, summarize, reshape, freedom, mainly, optical, specific,
configuration, bandwidth, capacity, immunity, realize, interconnection,
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development, voltage, exchange, harmful, classify, environment, noisy,
relatively.

2. State what verbs these nouns are derived from:

conductor, oscillator, detector, repeater, amplifier, emitter, propagation,
communication, connection, transmission, isolation, application,
interference, distribution, information, modulation, classification, difference,
introduction.

3. Translate the word combinations with nouns:

propagation loss, optical fibre communication system, semiconductor
light emitter, metal-wire communication system, light detector,
system's transmission capacity, low system channel cost, data path, signal
leakage.

4. Choose the correct form of each word to complete the sentences
that follow:

1) relative, relatively, relationship, unrelated
In 1970 an optical fibre with low propagation loss was
developed.

2) transmitter, transmit, transmission, transmitted
Repeaters are installed for long haul in both systems.

3) convert, converted, converting, conversion
In the repeater of optical fibre communication systems, optical signals
are to electrical signals by the light detector.

4) unamplified, amplified, amplifier, amplification
The electric signals by an electronic are then
applied to the light emitter.

Reading and discussion 1

5. Read Text 84 and discuss the questions on page 82.

Text SA

COMMUNICATION WITH LASERS.
INTRODUCTION

Continuous wave oscillation of a semiconductor laser at room temperature
was achieved in 1970, the same year in which an optical fibre with relatively
low propagation loss was realized. Since then marked progress has been made
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in the development of optical fibre communication systems, including
semiconductor light emitters and detectors, optical fibres and cables, and
interconnections, as well as system concepts.

The fundamental configuration of an optical fibre communication system
is compared with that of a metal-wire communication system. The main
three components in optical fibre communication systems, namely the light
emitter, the optical fibre, and the light detector, correspond to the oscillator,
the metal-wire or cable, and the detector in metal-wire communication
systems, respectively.

Repeaters are installed for long-haul transmission in both systems. In
the repeater of optical fibre communication systems, optical signals are
converted to electrical signals by the light detector after propagation in the
optical fibre. The electrical signals amplified with the electronic amplifier
are then applied to the light emitter. Thus, the optical signals are emitted
from the repeaters which are reshaped to the original waveform. The
advantages of the optical fibre communication system are summarized as
follows, compared with the metal-wire communication system based mainly
on the specific features of optical fibres, semiconductor light emitters, and
semiconductor light detectors:

— smaller size and lighter weight;

— wider bandwidth with lower propagation loss;

— longer distance between repeaters;

— higher transmission capacity in system;

— lower system cost per channel;

— electrical isolation of output from input in data paths;

— immunity to electromagnetic interference;

— freedom from signal leakage and cross talk.

Questions to Text 8A.

1. When was the continuous wave oscillation of a semiconductor laser
achieved? At what temperature?

2. What advances have been made in the development of optical fibre
communication systems since 1970?

3. What are the main components of an optical fibre communication
system? What parts of metal-wire communication systems do these
components correspond to?

4. What is the function of a repeater?

Describe the functioning of an optical fibre communication system.

6. What are the advantages of an optical fibre communication system
compared with a metal-wire communication system? What are these
mainly based on?

W

82




Increase your vocabulary

6. Match the expressions on the left with those on the right:

1) cooTBETCTBEHHO

a) at room temperature

2) cienyoimuM o0pa3om

b) since this time

3) B 0benx cucremMax

¢) the electrical signals amplified

4) omexu

d) namely

5) yCUJIeHHbIe 3JIeKTPUUYECKUE CUTHAbI

e) respectively

6) ¢ 3TOrO BpeMEHU

f) in both systems

7) a UMEHHO

g) as follows

8) Mpu KOMHATHOW TeMmIeparype

h) mainly

9) rmaBHBIM 00pa3oM

i) cross talk

7. Read the following statements and say whether they are true or

not. Correct the false ones.

1. Since 1970, marked progress has been made in the development of metal-
wire communication systems, including semiconductor light emitters and
detectors, etc. 2. Repeaters are installed for long-haul transmission in both
systems. 3. In optical fibre communication systems the electrical signals
amplified with the electronic amplifier are applied to the oscillator.
4. Optical fibre communication systems are not free from signal leakage and

cross talk.

8. Study the following items of Text 8A°s plan and reorder them

according to the text.

Unh W =

The functioning of an optical fibre communication system.

The advantages of an optical fibre communication system.

The main components of the system.

Progress in the development of optical fibre communication systems.
The fundamental configuration of an optical fibre communication system

compared with a metal-wire communication system.




Terminology B

data ['derto treenz'mif(o)n 'sistom| transmission system (data highway
['harwer] system) — cucTeMa nepenadyu JaHHBIX (MarucTpajibHas IIMHA
nepegayy JaHHBIX, MarucTpasib repeaaynd JaHHBIX)

cable ['keibl] — kabenb;
electric power cable [rlektrik paus 'keibl] — snexkTpuueckuii Kabemb;
high voltage electric power cable [har 'voultids paus 'keibl] — BeIcOKO-
BOJIBTHBII 3JIEKTPUYECKUI Kabellb

long-distance communication system [,lon'dist(o)ns ko,mjuinr'keif(e)n
'sistom| — cucTteMa CBsI3M Ha OOJIbIINE PACCTOSTHUS

terminal ['t3:min(a)l] — TepmuHai;
terminal node ['t3:min(a)l noud] — BeIBOI TepMUHAaIa, KOHIIEBasT Bep-

IHa

high (low) bit rate ['bitrert] — Boicokast (HU3Kasi) CKOPOCTb Mepenadyu
nHbOpMaLIUU

main highway loop ['harwerlu:p] — ocHOBHasi KOMMYHMKAlLIMOHHAS CETh
KOMIblOTEpa

Word study

9. Give as many derivatives of the following words as you can:

possible, different, advantage, noise, transmit, electric, compute, apply, class,
relate, leak, wide, distant, origin, amplify, communicate, transmit, volt,
power, specify, require, harm, require.

10. Translate the word combinations with nouns:

transmission system, data transmission system, electric power cable, high-
voltage electric power cable, communication system, long-distance
communication system, data highway system, optical fibre data highway
system, short-distance paths, main highway loop.

11. Choose the correct form of each word to complete the sentence
that follows:

1) specific, specifically, specified, special
Optical fibre communication systems are advantageous
in plant control.

2) immunity, immune, immunize, immunization

Optical fibre communication systems are to electromagnetic
interference.

3) advantage, advantageous, disadvantage, disadvantageously
Optical fibre communication systems are in data highway
systems.
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4) requirement, required, require, requiring
Semiconductor lasers are applied in the main highway loop
a relatively high bit rate and long-distance transmission.

Reading and discussion 2

12. Read Text 8B and answer the questions below.

Text 8B

OPTICAL FIBRE DATA
TRANSMISSION SYSTEMS

Data transmission systems are classified into two main types: control
systems and computer systems. For control systems, optical fibre
communication systems are specifically advantageous in plant control, where
metal-wire communication systems suffer from severe electromagnetic
interference arising from high-voltage electric power cables or from harmful
environment. Since the optical fibre communication system is immune
to electromagnetic interference, it is possible to lay optical fibre cables
for data transmission close to high-voltage electric power cables.
Semiconductor lasers make it possible to realize a long-distance
communication system.

For computer systems, optical fibre communication systems are
advantageous in data highway systems, where metal-wire communication
systems suffer from noise and difference of ground potentials. Data highway
systems involve a relatively high bit rate and long-distance transmission,
a large amount of data being exchanged through many terminal nodes.
Since the output and the input are isolated electrically in data paths,
optical fibre data highway systems are advantageous. Semiconductor lasers
are applied in the main highway loop requiring a relatively high bit rate
and long-distance transmission) Light-emitting diodes are applied to low
bit rate, and short-distance paths between the terminal and the terminal
node.

1. What are two main types of data transmission systems?
Why are optical fibre communication systems more advantageous in plant
control than metal-wire communication systems?

3. Why is it possible to lay optical fibre cables for data transmission close to
high-voltage electric power cables?

4. What makes optical fibre communication systems advantageous in data
highway systems?

5. What type of laser is used in the main highway loop?

85




13. Read the following statements and say whether they are true or
not according to Text 8B. Correct the false ones.

1. There are two main types of data transmission systems: control systems
and computer systems.

2. For control systems metal-wire communication systems are specifically
advantageous in plant control.

3. Optical fibre communication systems are immune to electromagnetic
interference.

4. It is impossible to lay optical cables for data transmission close to high-
voltage electric power cables.

5. Data highway systems involve a relatively low bit rate and short-distance
transmission.

14. Study the following items of Text §B’s plan and reorder them
according to the text.

1. The application of optical fibre communication systems in data highway
systems. 2. The main types of data transmission systems. 3. The advantages
of optical fibre communication systems over metal-wire communication
systems for control systems. 4. The application of optical fibre communication
systems for control purposes. 5. The advantages of optical fibre
communication systems over metal-wire communication systems for
computer systems.

15. Read Text 8C and answer the following questions.

What are the advantages of optical fibre ITV systems?

In what way do CATYV systems operate?

3. Why is optical fibre more advantageous in this application than metal-
wire systems?

o=

Text 8C

OPTICAL FIBER VIDEO TRANSMISSION
SYSTEMS

Optical fibre video transmission systems are applied to industrial television
(ITT) and CATYV systems. Generally, analogue modulation is preferred in
short-distance transmission for economic reasons. However, digital
modulation is applied in long-distance transmission because of reduced
problems on noise and linearity.

The advantages of optical fibre ITV systems are the same as those of
optical fiber plant control systems mentioned in Text B.
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In CATYV systems, cables tend to be laid under harmful environments.
When broadcasting TV information in some cases microwave signals are
received by an antenna at the top of a mountain. Signals are transmitted to a
station in a city from where they are distributed to subscribers') Metal-wire
systems are damaged occasionally by lightning>. However, optical fibre
communication systems are free from such damage because the optical fibre
is an electric insulator, as mentioned above.

Optical fibre CATV systems using semiconductor lasers allow economical
system operation in thinly populated and large area districts because the
number of repeaters is decreased by at least an order of magnitude due to the
low propagation loss of optical fibres.

High-density optical signal transmission is realized using semiconductor
lasers. Several TV channels are transmitted using a semiconductor laser and a
single optical fibre.

16. Translate Text 8D in writing.

Text 8D

OPTICAL FIBER PUBLIC TELECOMMUNICATION
SYSTEMS

Telecommunication systems consist of a subscriber loop, an intra-city
network or an inter-city network, and an international network.

Generally, the information density is relatively low in a subscriber loop.
However, intra-city and inter-city networks require relatively high bit rates
and long-distance transmission spans, so optical fibre telecommunication
systems with semiconductorlasersare preferred. When more telecommunication
channels are required in a metropolis®, the optical fibre telecommunication
system is quite effective because a large number of optical fibres can be
installed by withdrawing an existing metal-wire cable from a duct. Long-
distance telecommunication systems have practical advantages in terms of
economy and maintenance.

In submarine systems, which require ultimately high reliability, it is quite
important to reduce the number of repeaters. Long repeater spacings ranging
from 20 km to 50 km can be implemented in optical fibre submarine systems
and a single-mode fibre. Thus, there is hope of optical fibre international
telecommunication systems to appear soon. Optical fibre submarine systems
without a repeater are also effective for telecommunication between a remote
island and a big city or between remote islands.

! subscriber [sob'skraiba] — aBoHeHT

2 lightening ['lartonin] — MoIHMS
3 metropolis [ma'tropalis] — KpymHEIii ropor
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10.

11.

12.

Review

17. Group the following sentences according to topics A, B or C.

A. Optical fibre communication systems. Configuration and
operation.

B. The applications of optical fibre communication systems.

C. Metal-wire communication systems and their disadvantages.

These systems are occasionally damaged by lightning.

Since this system is immune to electromagnetic interference, it is possible
to lay cables for data transmission close to high-voltage electric power
cables.

The main three components of this system are the light emitter, the
optical fibre, and the light detector.

When used for control these systems suffer from severe electromagnetic
interference.

The electrical signals amplified with the electronic amplifier are then
applied to the light emitter.

Submarine systems without a repeater are also effective for
telecommunication between remote islands.

The main components of this system are the oscillator, the metal wire or
cable, and the detector.

These systems are free from the damage by lightning because of the fibre’s
being an electric insulator.

Optical signals are emitted from the repeater and are reshaped to the
original waveforms.

Long-distance telecommunication systems have practical advantages in
terms of economy and maintenance.

In the repeater optical signals are converted to electric signals by the light
detector.

When used in computer systems they suffer from noise and the difference
of ground potentials.

18. Use exercise 17 to speak on one of the topics above.
19. Make a PowerPoint presentation on one of the topics above.

20. Translate the abstract below into English. Use the following

words and word-combinations:

air communication, to show superior characteristics, through the air,
atmospheric disturbances, to cover a wide area.

I1pu ucnmons3zoBanuu B BOJIC Hannyumne xapakKTepUCTUKU JAaET TTOJTy-

IPOBOMHMKOBLIN J1a3ep. B OTKPHITHIX JIMHUSX CBSI3U, B KOTOPBIX JIa3€PHBII
JIyd IIPOXOAUT 4Yepe3 aTMocdepy, ISl YMEHBIICHUS BIMSHUS aTMOC(hEPHBIX
MCKaXXeHU TpeOyeTcst Oosbliiasi orTudeckKask MOITHOCTh. [loaToMy mpume-
HSIIOTCSI MOIITHbBIE TTOJIYIIPOBOIHMUKOBBIC JIa3ephl, a TAKXKE Ta30Bble U TBEPHO-
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TCJIbHBIC JIa3€Pbl C BHCIIHUM MOAYJIATOPOM. Onrtuueckasl CBSI3b C MOMOIIBIO
JIa3€pOB 3aHMMACT BaAXKHOC MCCTO B o0JlacTu CBSI3U.

Supplementary reading tasks

Task 1. Arrange the paragraphs of the text below in a logical order.

Production of fiber lasers in Russia

1. IRE-Polus develops and manufactures
fiber lasers and amplifiers, optical
components, modules, instruments,
subsystems, and systems for fiber,
atmospheric, and free-space optical
communication; cable television; optical
radar; remote control of industrial objects
and atmospheres; industrial complexes for
laser welding, tempering, thermal
processing, and marking; control and
measurement systems; sensors; scientific
research; surgery; and biomedicine.

2. Fiber lasers offering a broad
range of power (from 5 watts to
50 kilowatts) are gradually
replacing gas and many solid-state
lasers. A diode pump and nano-
structured fiber make it possible
to reach high output power, gain
and efficiency factor of up to 30
percent in commercial
production, and reduce cost of
ownership up to 50 percent.

3. IRE-Polus is expected to earn most of its
income under the project from sales of high-
power fiber amplifiers and lasers with broad
applications and from telecommunications
equipment. The company will manufacture
communications systems that use proprietary
fiber optic technology: 40-Gbps DWDM-
transponders, reconfigurable optical
multiplexers, optical amplifiers, multiport
10-Gbps multiplexer/transponders, and
other communications equipment.

4. The Russian Corporation of
Nanotechnologies will invest in
expansion of Russian production
of advanced fiber lasers for
cutting, welding, deposition, and
engraving of metal items and
high-technology
telecommunications equipment
for long-distance trunk
communication at IRE-Polus, a
subsidiary of US-based IPG
Photonics Corporation.

5. “This is our first partnership with a US
listed company. The technology used in the
project is a great breakthrough. Its power,
compactness, and low cost of ownership
open doors to more and more new
applications for fiber lasers. Already they
can be used in solar batteries, medicine and
electronics. Domestic production of laser
complexes based on these innovations will
enable Russia to refit strategic sectors —
telecommunications, mechanical
engineering, and medicine with the latest
equipment and instruments,” said
RUSNANO managing director Konstantin
Demetriou.

6. Founded by Russian scientists,
IPG Photonics Corp. has, over
the last five years, become the
world leader in high-performance
fiber lasers and amplifiers and
systems based on them.
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Task 2. Sum up the contents of the text in Task 1.

Task 3. Match the following words and word-combinations with
their definitions in the right-hand column:

1) by extension a) a countless or extremely great number of people or things

2) available b) able to be used or obtained; at someone’s disposal

3) workstation ¢) having or involving several parts, elements, or members

4) multiple d) the place to which someone or something is going or being
sent

5) ubiquitous e) receive or detect something

6) myriad f) taking the same line of argument further

7) destination g) by hand

8) pick up h) able to adapt or be adapted to many different functions or
activities

9) manually i) present, appearing, or found everywhere

10) versatile g) a desktop computer terminal, typically networked and

more powerful than a personal computer

Task 4. Read the text below and discuss advances in optical fiber
technology.

New sources and fibers combine to deliver flexible
fiber-optic lighting

Using optical fibers as a light source is a convenient way to get light to
where it is needed. And by extension, those same fibers can be used for
picking up reflected light and transporting it to various sensing elements for
analysis. Although the principles of “light guides” were already known in the
mid-19th century, practical applications would have to wait until the late
1950s when glass fibers (mostly borosilicate with a bandwidth from 400 nm to
1.5 um and 50 um diameter) became available in volume and at reasonable
prices.

The first applications focused on bundling fibers to get light “from A to
B” by means of a flexible optical connection between a light source such as
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an incandescent lamp to its destination — a workstation, microscope stage',
or a readout array for a punched card in “Hollerith” card readers’. The
advantages of optical-fiber-based illumination are obvious: “cold” and very
well defined, shadowless ringlights® with mechanically flexible (gooseneck)
positioners for workstations instead of warm/hot incandescent-lamp-based
illumination. For early computer peripheral applications, then dominated by
ancient technologies such as card- and paper-tape-based input/output
technology, the concept of feeding light from a central light source to multiple
locations precisely where needed was embraced because the miniature
incandescent light arrays used in such applications had unpredictable aging
rates®, did not last very long, and were difficult to service.

Marks on cards could be read easily by guiding the light reflected from a
card or sheet of paper back to a sensor through a second bundle integrated
with the light-carrying fibers, very close to the surface with the mark. The
light footprint of the probe could be shaped geometrically to optimize the
contrast obtained between a mark and a space, such as a skinny rectangle.
Moreover, marks could be printed or manually applied such as in the
ubiquitous “Scantron” readers.

As a result of these successes, various illumination and reflective probe
schemes found their way into myriad applications and a versatile and thriving
fiber-optic manufacturing base developed. The light-emitting diodes (LEDs)
that appeared later on the scene turned out to be perfect companions,
amplifying the usefulness and versatility of light guides.

! microscope stage ['markraskoup,steidz] — mpeaMeTHBIN CTOINK MUKPOCKOIA
2 card reader ['ka:dri:do] — ycTpoiicTBO cunThIBaHUS NepdOKapT

3 ringlight ['rlart] — KOJbLEBOI CBETUIEHUK

4 aging rate ['erdsin,re1t] — ckopocTb cTapeHUs
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Module 9 Texts:
HOLOGRAPHY A. Fundamentals of holography

B. Recording and reconstruction
processes

C. Denisyuk's discovery

D. Holographic information
storage

Terminology A

holography [ho'lografi] — ronorpadusi, mojydeHue rojiorpaMm

three-dimensional image [ Ori:di'menf(a)n(s)l 'tTmid3] — TpexmepHOe U30-
OpaxkeHue

optical scene [optik(a)l 'siin] — onTu4eckuii 0OBEKT, KAPTUHA

photographic technique [ fouto'greefik tek'nizk] — doToTexHuka

photographic emulsion [ fouto'greefik 1'malf(a)n] — dporoamynbcus

irradiance [1'reidions| — u3ydyeHue, obsyyeHE, MUHTEHCMBHOCTD U3JIyde-
HUS

electric field intensity [1'lektrik firld in'tensoti] — HaNPSEKEHHOCTD JIEKTPU-
YeCKOTIO I10JIs

object beam [obdzikt 'birm| — 0OBEKTHBIN JIyd, OOBEKTHBINA ITy4OK

converging lens [konyvs:dn'lenz] — KoHBeprupyloias JIMH3a, coorpao-
11ast JuH3a

development [di'velopmont]| — 31.: nmposBieHMEe, MPOSIBKa

transparency [treen'speer(9)nsi| — Npo3pavyHOCTh; MPO3padyHas MIEHKa;
KO3 PULIMEHT MPOITyCKaHUS

Word study
1. Underline the suffixes:

viability, emulsion, reference, researcher, diffusiveness, referable, radiant,
exposed, dimensional, diffusive, commonly, uniformly, quietly, directly,
obscurely, efficiently.

2. In eachh grooup find the word that doesn’t belong:

a) creatively, distinctly, separately, obscurely, uniformly, quietly, invariably,
conventionally, virtually, commonly;

b) emulsion, development, variation, observant, distinction, separation,
application, displacement, exposure.
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3. Complete the table using a dictionary if necessary.

Verb Noun(s) Adjective(s) Adverb
research
complete
transparently
develop
variation
distinct
displacement
arrange
observant
separately
applicability
creative

4. Choose the correct form of each word to complete the following
sentences:

1) creation, creator, creating, creative
A hologram can be considered to be an optical device capable of
three-dimensional images.

2) expose, exposure, exposed, exposer
In real-time holographic interferometry the photographic plate after
development is placed back in the same position it occupied during

3) converge, converging, convergence, convergent
In conventional photography a lens is used for focusing
the light reflected from a scene.
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Reading and discussion 1

5. Read Text 94 and answer the questions below.

Text 9A
FUNDAMENTALS OF HOLOGRAPHY

Dennis Gabor! published the first papers on holography in 1948. From
1948 through 1960 progress in the use and development of holography was
slow because researchers working in this discipline did not have a light source
available that could produce intense light with a long coherence length.
Emmett Leith? and Juris Upatnieks® working at the University of Michigan
Institute of Science and Technology in the early 1960s produced the first
holograms using a laser. In doing so Leith and Upatnieks transformed
holography from an obscure concept to a viable scientific and engineering
tool. In 1965 Powell and Stetson published the first paper on holographic
interferometry. Dennis Gabor received the Nobel Prize in physics for his work
in 1972.

For our purposes, a hologram can be thought of as an optical device
produced by using photographic techniques and laser light that is capable of
creating three-dimensional images. The word Aologram stems from the Greek
root “holos”, which means whole, complete, or entire, and “gram”, which
means message. Thus a hologram is a complete record of an optical scene. In
conventional photography the light reflected from a scene is focused — using
a converging lens system — onto photographic emulsion. Variation of the
irradiance due to the image being focused on the emulsion is related only to
the electric field intensity amplitude of the light. In holography photographic
emulsion, usually on a glass plate, is exposed to an interference pattern
produced by two coherent laser beams. One beam called the object beam is
reflected from an object or scene to the photographic emulsion. The other
beam called the reference beam is reflected directly from the laser to the
photographic emulsion by using mirrors. Using this technique both the
amplitude and the phase information about the electric field due to the light
reflected from the scene can be recorded. After photographic development the
resulting transparency is a hologram. By shining laser light — in some cases,
white light — through a hologram, three-dimensional images can be produced.

1. Who was the inventor of holography? 2. Why couldn't Dennis Gabor
produce a hologram in 1948? 3. What source of light was used to produce the
first holograms? 4. How was D. Gabor's work appreciated? 5. What does the

' Dennis Gabor (1900 — 1979) was a Hungarian-British electrical engineer and physicist, most
notable for inventing holography, for which he later received the 1971 Nobel Prize in Physics.

2 Emmett Leith (1927 —2005) was a professor of electrical engineering at the University of
Michigan and, with Juris Upatnieks of the University of Michigan, the co-inventor of three-
dimensional holography.

3 Juris Upatnieks (born 1936 in Riga) is a Latvian-American physicist and inventor, and
pioneer in the field of holography.
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word “hologram” mean? What is the origin of this word? 6. What is the
difference between recording images by conventional photography and
holography? 7. How are three-dimensional images produced?

Increase your vocabulary

6. Match the parts of sentences in the two columns below to
produce true statements.

1. Holography is a way of a) complete or entire message

2. A hologram is a device b) recording and then reconstructing
waves

3. The word “hologram” means ¢) both about its amplitude and its phase

4. The physical foundation of d) the reference beam

holography is

5. A beam reflected from the laser to | e) the science of waves, their interference

the photoemulsion is called and diffraction

6. Holography records complete f) capable of creating three-dimensional
diffraction information about a images
wave

7. Read the following sentences and say whether they are true or
not. Correct the false ones.

1. Holography was invented in 1948 by Professor Dennis Gabor, 1972 Nobel
Prize winner. 2. Using a laser as a source of light he ran his experiments in
the Research Laboratory in England. 3. Since then, holography began to
develop at a very rapid rate. 4. A hologram just like conventional photography
regenerates not a two-dimensional image of an object but the field of the
wave which it scatters. 5. Emulsion in holography is exposed to an interference
pattern produced by two coherent laser beams. 6. The beam reflected from an
object or scene to the photoemulsion is called a reference beam.

8. Make sentences by matching the dates with the events listed in
the text:

1) in 1948 a) first holograms

2) from 1948 through 1960 b) photographic interferometry

3) in the early 1960s ¢) the first papers on holography
4) in 1965 d) the Nobel Prize

5) in 1972 e) slow development of holography
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9. Rewrite the sentences to make a logical paragraph.

In holography photographic emulsion is exposed to an interference pattern
produced by two coherent laser beams. Thus it is a complete record of an
optical scene. By shining laser light we see the object from different angles
sensing its three-dimensional and realistic nature. The word “holography”
originates from the Greek “holos” meaning the whole. These are the object
beam and the reference one. Thus it is a complete record of an optical scene.

Terminology B

to mount [maunt] — ycraHaBIMBaTh, MOHTUPOBATh, 3aKPEIUISITh HA ILIO-
CKOM TOBEPXHOCTU, COOUpPATh

split [split] — pacmeruisite; splitter ['splito] — paciuenurTenb

pinhole ['pinhoul] — nukcenb, ToueuHas guadparma, OTBEpPCTUE

bias ['bares] — cmemaTh

spatial filter ['speif(o)l 'filta] — mpocTpaHCTBEHHBIN GUILTP, PUIBETP
MIPOCTPAHCTBEHHBIX YaCTOT

amplitude transmittance ['emplit(j)uid treenz'mitons] — koadULIEHT
MPOIYCKAHMSI

quiescent point [kwr'es(o)nt,point] — paboyast (HeMOABMXKHAsI) TOUKA

exposure curve [1k'spouzok3iv] — xapakTepuctuueckasi KpuBast

virtual image [ v3:tfusl Tmidz] — MHUMOe M300paxkeHMe

real image [ 10l Tmicg] — neiicTBUTEILHOE M300paXKEHUE

Word study

10. Give as many derivatives of the following words as you can:

transit, space, finite, quiet, curve, unify, photo, image, consider, develop,
reflect, observe.

11. Give more examples of each prefix meaning:

not (in-, un-, im-, ir-): inappropriate, incalculable, unnecessary, irrelevant,
improbable...

again (re-): reassure, recover, refresh...

without (dis-): disability, disbelief, disorder...

12. Choose the correct word to complete the sentences that
Jollow:

1) split, splitter, splitting, splitted
By means of a beam the laser beam is divided into two
different beams.

2) dust, duster, dusty, dustiness
The rings and stripes a hologram often contains are due to the
diffraction of light on particles of getting onto the mirrors.

96




3) scatter, scattering, scattered, scatterer
The colour of the sky is due to the small amount of sunlight
by molecules of air.

4) virtual, virtualization, vitality, virtually
Apparently, images from which the light is diverging are termed
images.

Reading and discussion 2
13. Read Text 9B and answer the questions on page 98.

Text 9B
RECORDING AND RECONSTRUCTION PROCESSES

Recoding process

All the optical elements used in the production of optical holograms are
mounted on an essentially vibration-free surface. Usually a heavy table with a
steel or granite top isolated from floor vibration by air tubes provides this
surface. A continuous or pulsed laser operating in the TEM,, mode at a
wavelength within the visible portion of the electromagnetic spectrum is used
for holography. Pulsed ruby lasers are used to produce holograms of transient
phenomena or when vibration is a problem.

To produce a hologram a laser beam is first split into two teams by a
beam splitter. The reference beam is reflected by a mirror and then spread by
a converging lens to illuminate uniformly a photographic emulsion on a glass
plate. The object beam is spread by a converging lens and then reflected to
the object by a mirror so that the object is uniformly illuminated as seen from
the position of the photographic plate. Pinholes are used in the focal planes
of the converging lenses as spatial filters to remove optical noise from the
laser beams. The optical noise is primarily due to light scattered by dust and
flaws on the optical element surfaces. Maximum coherence of the two beams
at the photographic plate is obtained by making the object and reference
beams of equal length.

It is desirable that objects used in holography have diffusive surfaces. Flat
white paint is often used to give industrial parts uniform diffusive surfaces.
When illuminated, each point on these surfaces will act as point sources
scattering light in all possible directions. Thus optical information about every
point on the object facing the photographic plate can be recorded on an
infinite number of points on the photographic emulsion.

To obtain a linear recording, the emulsion is “biased” to establish a
quiescent point in the linear portion of the transmittance versus exposure
curve. By making a linear recording it can be assumed that the amplitude
transmittance of the emulsion after development is a linear function of the
irradiance incident on the emulsion during exposure. That is, 7 = #,+ B(/, +
+ U,Uy/ 2z + U,U,/ 27), where 1 is the “bias” transmittance established by the
reference beam and f is the product of the slope of the transmittance versus
exposure curve at the quiescent point and the exposure time.
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Reconstruction

Holograms produced by using the optical system described above can be
used to form virtual and real images. To “play back” a virtual image a
reconstruction beam is used that is identical to the reference beam used in
the production of the hologram. In most industrial applications a laser is used
for reconstruction. When a reconstruction beam, which is identical to the
reference beam, is used to illuminate the hologram, much of the light passes
straight through the hologram. Some light is diffracted by the fringes recorded
in the emulsion due to its exposure to the reference pattern produced by the
object and reference beams.

An observer viewing the diffracted light will see a virtual image of the
object in space behind the hologram. This image is three-dimensional and in
the same location as the object relative to the emulsion. The image will appear
to be the same as if the observer were looking at the original object illu-
minated by the light used for reconstruction through a window the size of the
hologram.

Questions to Text 9B.

1. Why is it necessary to mount all optical elements used in producing a
hologram on a vibration-free surface? 2. What kind of laser is commonly used
in holography? 3. Why is it desirable that objects used in holography have
diffusive surface? 4. What kind of material is used to make such surfaces?
5. Under what conditions is maximum coherence of the two beams obtained?
6. How is linear recording obtained?

Review

14. Match the parts of sentences in the two columns below to
produce true statements.

1. For producing a hologram all optical | a) pulsed ruby lasers are used to
elements are mounted produce holograms

2. In case of vibration b) pinholes are used in the focal planes
of lenses as spatial filters

3. To remove optical noise from the ¢) its exposure to the interference
laser beams pattern

4. Optical information about every d) on a heavy table providing vibration-
point on the object can be recorded free surface

5. In reconstructing a hologram some e) on an infinite number of points on
light is diffracted by the fringes the photographic emulsion
recorded in the emulsion due to
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15. Read the following sentences and say whether they are true or
not. Correct the false ones.

1. In order to provide a vibration-free surface all elements used to produce
holograms are mounted on a heavy table. 2. Pulsed ruby lasers are commonly
used for holography. 3. As a result of splitting a laser beam both the reference
beam and the object beam are reflected by a mirror simultaneously.
4. Diffusive surfaces of objects are provided by thick layers of a silver halide.
5. Before and after development the light amplitude transmittance of the
emulsion is identical. 6. To reconstruct a real image a reconstruction beam
opposite the reference beam is used to illuminate the hologram. 7. To
reconstruct a virtual image a collimated reconstruction beam is used.

16. Read Taxt 9C and answer the following questions.

1. What are Lippmann layers? 2. What contribution into holography was
made by Yu. Denisyuk? 3. Think of a good title for the text.

Text 9C
DENISYUK’S DISCOVERY

In 1962, just before the “holography explosion” the Russian physicist
Yu.N. Denisyuk' published an important paper in which he combined
holography with the ingenious method of photography in natural colours, for
which Gabriel Lippmann® received the Nobel Prize in 1908. Lippmann
produced a very fine-grain emulsion with colloidal silver bromide and backed
the emulsion with mercury serving as a mirror, light falling on the emulsion
was reflected at the mirror, and produced a set of standing waves. Colloidal
silver grains were precipitated in the maxima of the electric vector in layers
spaced by nearly half a wavelength. After development, when the complex of
layers illuminated with white light reflected only a narrow waveband around
the original colour did the wavelets scattered at the Lippmann layers add up
in phase.

Denisyuk’s suggestion is as follows. The object wave and the reference
wave fall in from opposite sides of the emulsion. Again standing waves are
produced in Lippmann layers, but these are no longer parallel to the emulsion
surface, they bisect the angle between the two wavefronts. If now, and this is
Denisyuk’s principle, the developed emulsion is illuminated by the reference
wave, the object will appear in the original position and (unless the emulsion
has shrunk. in the original colour.

Though Denisyuk showed considerable experimental skill, lacking a laser
in 1962 he could produce only an “existence proof”’. A colour reflecting
hologram which could be illuminated with white light was first produced in
1965 by G.V. Stroke and A. Labeyrie.

' Yuri Nikolaevich Denisyuk (1927—2006) was a Soviet physicist known for his
contribution to holography, in particular for the so-called “Denisyuk hologram”.

2 Jonas Ferdinand Gabriel Lippmann (1845—1921) was a Franco-Luxembourgish
physicist and inventor, and Nobel laureate in physics for his method of reproducing colours
photographically based on the phenomenon of interference.
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17. Translate text 9D in writing.
Text 9D
HOLOGRAPHIC INFORMATION STORAGE

The application of holography which is certain to gain high importance
in the next years is information storage. Holography allows storing 100—300
times more printed pages in a given emulsion than ordinary microphotography.
Even without utilizing the depth dimension the factor is better than 50. The
reason is that a diffused hologram represents almost ideal coding, with full
utilization of the area and of the gradation of the emulsion, while printed
matter uses only about 5—10% of the area, and the gradation not at all.
A further factor arises from the utilization of the third dimension, the depth
of the emulsion. This possibility was first pointed out in an ingenious paper
by P.J. van Heerden in 1963.Theoretically it appears possible to store one bit
of information in about one wavelength cube. This is far from being practical
but the figure of 300 previously mentioned is entirely realistic.

However, even without this enormous factor, holographic storage offers
important advantages. A binary store, in the form of a checkerboard pattern
on microfilm can be spoiled by a single grain of dust, by a hair or by a scratch,
while a diffused hologram is almost insensitive to such defects. The holographic
store is according to its author L.K. Anderson (1968) only a modest beginning,
yet it is capable of accessing, for instance, any one of 64 x 64 printed pages in
about a microsecond. Each hologram, with a diameter of 1.2 mm can contain
about 104 bits. Reading out this information sequentially in a microsecond
would of course require an impossible waveband but powerful parallel reading
means can be provided. One can confidently expect enormous extensions of
these “modest beginnings” in the near future.

18. Render the text given below in English. Use the following
words:

to improve, resolving power, to assume, considerable, unperturbed, to be
neglected

B 1947 r. I'aGop 3amHTEpecoBaJICsI AEKTPOHHOW MUKpocKomnueil. ITer-
TasiChb YCOBEPIIEHCTBOBATh pa3pelIaollyl0 CIMOCOOHOCTh 3JIEKTPOHHOTO
MMKPOCKOMa, OH MPEMIOXUI METOHA IMOJYyYeHUs ONTUYECKOro M300paxke-
Hus. OObEKT OcBenlaeTcsi KorepeHTHol BosiHoi. [Ipenrnomnaraercs, 4To 00b-
€KT HaxXOJUTCS B TAaKOM COCTOSIHUU, YTO 3HAYUTESbHAsl YacTh BOJHBI MPO-
HUKaEeT Yepe3 HEero HeBO3MYIIEHHOW. DTO O3HAyYaeT, YTO, €CAU BOJHY BbI-
pasuTh B BUJE CyMMbl Mafarolieii U AuGpakIMOHHONW BOJHBI, paccesiHue
MocJieHEN He3HAYUTETbHO.

19. Make a PowerPoint presentation on holography.

Supplementary reading tasks

Task 1. Think of possible applications of holography and compare
your ideas with the applications in the text below.

100




Applications of holography

A hologram can be made not only with the light waves of a laser, but also
with sound waves and other waves in the electro-magnetic spectrum.
Holograms made with X-rays or ultraviolet light can record images of particles
smaller than visible light, such as atoms or molecules. Microwave holography
detects images deep in space by recording the radio waves they emit. Acoustical
holography uses sound waves to “see through” solid objects. Holography’s
unique ability to record and reconstruct both light and sound waves makes it
a valuable tool for industry, science, business, and education. The following
are some applications:

e A telephone credit card used in Europe has embossed surface holograms
which carry a monetary value'. When the card is inserted into the telephone,
a card reader discerns® the amount due and deducts® (erases. the appropriate
amount to cover the cost of the call).

e Supermarket scanners read the bar codes* on merchandise for the store’s
computer by using a holographic lens system to direct laser light onto the
product labels during checkout?.

e Holography is used to depict the shock wave made by airfoils to locate the
areas of highest stress. These holograms are used to improve the design of
aircraft wings and turbine blades®.

e Holography is ideal for archival recording of valuables or fragile museum
artifacts’.

e The arrival of the first prototypical optical computers, which use holograms
as storage material for data, could have a dramatic impact on the overall
holography market. The yet-to-be-unveiled optical computers will be able
to deliver trillions of bits of information faster than the current generation
of computers.

e Independent projects at IBM and at NASA’s Jet Propulsion Laboratory
have demonstrated the use of holograms to locate and retrieve information
without knowing its address in a storage medium, but by knowing some of
its content.

e Facial surgery® and forensic science’ are benefiting from a portable
holography system that can capture the shape and texture of faces in an
instant) Following chemical development, the hologram is digitized to
create a three dimensional computer model that is an exact replica of the
patient’s face. The model is then used to aid surgical planning or forensic
science investigations.

9

monetary value [,manit(a)rt 'veelju:] — cymMa neHer Ha KapTte

discern [dr's3:n] — pacrno3HaBaTh, ONPENEsTh

deduct [di'dakt] — BBIYMTATH, yaEepKUBATh, CITUCHIBAThH

bar code ['barkoud]| — mTpuxoBoii Komx

checkout ['tfekaut] — pacuér

turbine blade ['t3:bainbleid] — momacTb TypOUHBI, JOTIaTKA TYPOMHBI

fragile museum artifacts ['freedzail mju:'zirzom 'a:tifeekts| — xpynkue My3eiiHbIe 9KCITOHATHI
facial surgery [ ferf(o)l 's3:d3(o)r1] — mmacTryeckast Xupyprusi Juiia

forensic science [forensik 'sarons| — cymeOHast Hayka, cyneOHas dKCIIepTu3a

N L I N VR SR
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o Imagine being able to record 100 movies on a disk the size of a CD — or
one day recording the contents of the Library of Congress on such a disk.
These are the promises of holographic data storage.

e A unique holographic teaching resource which captures mouth shapes in
3D has been developed by experts at De Montfort University (DMU) in
Leicester and could become a vital tool for speech therapists'.

Task 2. Read the text that follows to find out the purposes and
prospects of the SHIVA experiment.

Space holography used for real-world science

A holographic technique intended for’> use in space has recently
demonstrated the existence and behavior of a force called the history drag — a
phenomenon predicted in 1887, but never before observed directly. The
measurements were performed by researchers at MetroLaser (Irvine, CA) as
part of a program called Spaceflight Holography Investigation in a Virtual
Apparatus (SHIVA). The research was intended to allow scientists on the
ground to control and monitor microgravity experiments in space, thus
reducing the number of people required to staff missions®.

In a holographic setup for the SHIVA history-drag experiment, a 10-mW
HeNe-laser beam is diffracted by particles in an oscillating chamber, and the
resulting patterns are acquired for further processing by a 1-megapixel CCD
camera.

A hologram contains both phase and intensity information about an
entire wavefront reflected from (or transmitted through) an object of interest.
As such, it is the ideal way to transmit image information from an experiment
without prejudging what may be important. With a high-quality holographic
recording, a scientist can examine the object of interest by putting it under a
microscope at different levels of magnification, or change angular perspective
on it, all without the object actually being present.If a sequence of holograms
is recorded, then incidents* in time can be played, replayed, slowed down, and
reversed. It is as if the researcher is being provided with a window on the object
in time and space-the Earth-bound scientist has a virtual laboratory in space.

The major drawback® for most applications is that the amount of
information in a hologram is much larger than conventional 2D imaging
techniques. The interference fringes that have to be recorded have features
that extend down to a fraction of a wavelength of light, or tens of nanometers.
For this reason, the resolution of holographic recording film is 10 to 100
times finer than that used for photography) This poses enormous problems
when trying to record images for digital transmission — the large size and
relatively small number of pixels in electronic cameras mean that holographic
television (in the everyday sense of the word television) is impractical today.

speech therapist ['spi:t/;©erapist] — joromen

intended for [in'tendrd fo] — mpenHa3zHaYeHHBIN WIS

mission ['mif(e)n] — KocMHUYECKUiA TTONET, MporpaMMma ToJiETa
incident ['msid(e)nt] — ciyyaii, arm3on

major drawback [,merdze'dro:beek] — 0oCHOBHOII HEMOCTATOK

L N
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However, according to SHIVA principal investigator' James Trolinger of
MetroLaser, electronic holography for scientific purposes is not so problematic,
particularly when the object to be imaged is small. Instead of trying to acquire
all the data in a single exposure, the experimenter can wait for it to be built
up over time. This system that he and his colleagues have developed for use
in space reduces the amount of information acquired still further by recording
diffraction patterns and comparing them digitally, rather than creating an
optical interference pattern between an object and reference wave. The SHIVA
concept was originally destined for use in the Space Station, but deployment
there has now been suspended indefinitely? because of the shift of focus
caused by President George W. Bush’s “new vision for space exploration.”
However, unlike many other programs, it has survived and is now being
adapted for possible deployment on a Moon base or mission to Mars.

Task 3. Read the text that follows and sum up Thomas Young’s
experiment as described by Denis Gabor in his Nobel Lecture.

From the history of holography

Holography is based on the wave nature of light, and this was demonstrated
convincingly for the first time in 1801 by Thomas Young, by a wonderfully
simple experiment. He let a ray of sunlight into a dark room, placed a dark
screen in front of it pierced with two small pinholes, and beyond this, at some
distance, a white screen. He then saw two darkish lines at both sides of a bright
line, which gave him sufficient encouragement® to repeat the experiment, this
time with a spirit flame as light source, with a little salt in it, to produce the
bright yellow sodium light. This time he saw a number of dark lines, regularly
spaced; the first clear proof that light added to light can produce darkness. This
phenomenon is called interference. Thomas Young had expected it because he
believed in the wave theory of light. His great contribution to Christian Huygens’
original idea was the intuition that monochromatic light represents regular
sinusoidal oscillations in a medium which at that time was called the “ether”*.
If this is so, it must be possible to produce more light by adding wave crest to
wave crest, and darkness by adding wave crest to wave trough.

Light which is capable of interference is called “coherent”, and it is
evident that in order to yield many interference fringes it must be very
monochromatic. Coherence is conveniently measured by the path difference
between two rays of the same source, by which they can differ while still giving
observable interference contrast. This is called the coherence length, an
important quantity in the theory and practice of holography; Lord Rayleigh
and Albert Michelson were the first to understand that it is a reciprocal
measure’ of the spectroscopic line width. Michelson used it for ingenious
methods of spectral analysis and for the measurement of the diameter of stars.

! principal investigator [,prinsap(a)lin'vestigerta] — IIaBHBII MCIOJIHUTEIb, HAYYHBIA py-
KOBOAUTENb
N . _ R . .. .
suspend indefinitely [so’spend 1n'defonatli] — oTIOXUTH HA HeoNpeneJIEHHbII CPOK
3 give encouragement [grv in'karidgmont] — BOOMYIIEBIATh, CTUMYJIMPOBATE
4 ether ['it0a] — acup
5 reciprocal measure [r1'siprok(a)l 'me3e] — B3aMMHO-06paTHAs BeJIMYMHA
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Module 10 Texts:
LASER A. Pulsed laser rangefinding

systems
RANGEFINDING B, C. Cooperative and

non-cooperative targets
D. Atmospheric aerosol
pollution monitoring

Terminology

range [reind3] — nuarna3oH; pacCTOSIHUE;
ranging ['remdgin]| — u3MepeHe PacCTOSHUS, OIpeaeIeHUE JaTbHOCTH;
pulsed laser rangefinding system (rangefinder) [,palst'leizo 'reindz faindin
'sistom] (['reindz,fainds]) — UMMy IBLCHBIN HabHOMED;
modulated beam (modulated continuous wave) rangefinder
['modjalertid bizm 'reindz faindsa]) — da3oBblii nambHOMED;
range resolution [reindsrez(9)'luzf(e)n] — paspemnreHre Mo JaTLHOCTH

heterodyne detection ['het(o)roudain di'tekf(a)n] — reTepoaMHHBII IpUEM

sighting channel [ sartiy 'tfeen(o)l] — BU3MpPHBIN KaHAaT;
sighting telescope [sartip 'teliskoup] — Bu3upHasi Tpyoa;
bore sighting (harmonization) [bozsarti] ([,haimonarzeif(e)n]) — ycra-
HOBKa HaIlpaBJICHUs, IOCTUPOBKa

transmitter (receiver) optical train [treenz'mita] ([r1'sitva]) [optik(a)l 'trein] —
cucTeMa ONTUYECKMX 3JIEMEHTOB IlepenaTynKa (IIpueMHUKA)

effective focal length [1fektrv 'fouk(a)llen®] — monesHoe (3KBUBaJIEHTHOE,
s dexkTBHOE) (POKYCHOE PACCTOSTHUE

energy-storage capacitor ['enodistoirids ko'paesito] — eMKOCTHBIN KOH-
JIEHCAaTOp, HAKOMUTEIbHBIN KOHIEHCATOP

high-speed counter [ har'spiid 'kaunto] — BEICOKOCKOPOCTHOI CUETUNK,
OBICTPOACHCTBYIOIINM CUETUYUK

head amplifier [ hed 'emplifaio] — nmpeaBapuTEeTbHBIN YCUINTEND, BBIHOC-
HOU YCWJINTENb, IPEAYCUINTEIh

threshold comparator ['Oref(h)auld kom'parats] — moporoBoe ycTpoucTBO
(koMmTIapaTop)

false alarm [ fo:lso'lazm] — soxkxHast TpeBoTa, CUTHAJ JIOXKHOI TPEBOTHU

clock frequency ['klok fritkwonsi] — TakToBast yactoTa, 4aCTOTa CUHXPOHU-
3a1uu

pulse mode ['palsmoud] — pexxum U3TyIeHUST UMITYJIBCOB, BUI UMITYJIbCOB;
first (last) pulse mode [f3:st] ([lazst]) ['palsmoud] — n3mMepeHue maabHO-
CTH TI0 IIepBOMY (IIOCTIETHEMY) UMITYJIHCY
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low-impedance output [ lou 1im'pi:d(o)ns 'autput] — HU3KOe BBIXOTHOE
CONPOTUBIICHUE

Word study

1. Pick out the words that do not belong:

1) radar, filter, receiver, amplifier, transmitter, lunar, rangefinder, resonator,
splitter, detector;

2) distant, electronic, visible, coincident, circuit, focal, effective, radial,
appreciable, additional;

3) accuracy, circuitry, equipment, detection, majority, source, precise, ratio,
magnification, target.

2. Combine the numbered and lettered words to obtain terms:

1) electronic 7) last-pulse a) alarm g) ranging
2) beam 8) heterodyne b) telescope h) resolution
3) false 9) sighting c) velocity i) detection
4) lunar 10) focal d) divergence j) effect

5) Doppler 11) range e) circuitry k) laser

6) Q-switched 12) target radial f) length 1) mode

3. Choose the correct words to complete the sentences that

Jollow:

1) pumping, pumped, pump
The overwhelming majority of laser rangefinders use an optically

2) effectuate, effective, effectively, ineffective
The field of view of the receiver channel is determined by the ratio of
focal length of the receiver

the size of the detector to the

objective lens.

3) effect, affect, affected, affecting

solid-state laser as the source of transmitter power.

The transmitted spot is often made 20 to 30% smaller than the receiver
field of view so that small differences between the two optical axes do

not

the overall system accuracy.

4)  future, farther, furthermore, further
The signal level is then

amplifier.

5) whether, weather, whatever, whereas
This technique allows the operator to choose
the first or the last range value received.

increased in the main

to display
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4. Match the terms on the left to those on the right:

1) precise lunar or satellite ranging

a) MoJjie 3peHus MPUEMHOIo KaHaja

2) visible laser rangefinders

b) UCTOYHUKU MUTAHUST DAEKTPOHHOTO
000pynoBaHUSI

3) the magnification of the transmitter
telescope

C) Na3epHbIe JaJTbHOMEDPHI BUAMMOTO
Irarna3oHa

4) the field of view of the receiver
channel

d) TouHOE M3MEpeHNEe PACCTOSTHUS HO
JIyHBI U CIyTHUKOB

5) quartz-controlled oscillator

€) paccTosTHHE OO0 TpeOyeMoil e

6) threshold value

f) cmekTpanbHO-CeICKTUBHBIN (DUIIBTP

7) storage register

£) KBapIIOBaHHBIN TeHEpaTop

8) the range of the wanted target

h) yBennueHne TeaecKomna mepenat-
yyKa

9) wavelength-selective filter

i) perucTp nmamsITu

10) electronic supplies

j) ToporoBoe 3HaueHUE

Grammar revision

5. Fill in the blanks in the following text with the, a/an or zero
article.

Rookie! mistakes

Making  power measurement is often _ simple process — just place
__photodetector __head into __ laser beam and read _ digital display from

power meter’. This simplicity commonly leads to __ novice mistakes,
however. The sensitivity of __ detector can easily vary by £5% or more over
its surface. Even __ miniscule® reflections from __ detector surface back into
__laser will cause ___power fluctuations. Another commonly overlooked factor
is _ effect of _ transmissive optics on some measurements. And for _ low
light levels or fast pulses, care must be taken to keep connecting cables short
to avoid _ noise pickup or added capacitance, which slows  dynamic
response. __operation of other instruments, particularly when measuring low
signal levels, can also cause __ spurious results.

I rookie (novice) [ruki] (['novis]) — HEOMBITHBII PAGOTHUK, HOBUYOK

2 power-meter ['pauo,mi:to] — BaTTMETp, U3MEPUTETH MOLIHOCTH
3 miniscule ['minaskju:l] — o4eHb MaNeHEKMIA
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Reading and discussion 1

6. Read Text 104 and answer the questions on page 108.

Text 10A
PULSED LASER RANGEFINDING SYSTEMS

Introduction

The overwhelming majority of laser rangefinders in operation at the
present time use an optically pumped solid-state laser as the source of
transmitter power, but pulsed CO, laser systems are now also making an
appearance. The principles upon which these systems work are common to
all, and the differences between various instruments lie in the fine details of
the optical design and of the electronic circuitry. Pulses of duration 10 to 50 ns
(giving accuracies of a few metres) are usual, but shorter pulses may be used
for precise lunar or satellite ranging, and longer pulses are used in heterodyne
CO, laser systems.

The principal optical elements

Rangefinding systems generally have three optical channels; these are the
sighting telescope, and the transmitter and receiver optical trains. It is normal
practice, at least for visible or near-visible laser rangefinders, to combine two
channels together in a single optical train and some designs even combine all
three functions using polarization to separate the transmitted and received
beams and a wavelength -selective filter to separate out the sighting channel.

The beam divergence produced by the laser resonator is decreased by the
magnification of the transmitter telescope, and is usually in the region of
0.5 mrad for instruments operating in ranges up to 10 km. The field of view
of the receiver channel is determined by the ratio of the size of the detector to
the effective focal length of the receiver objective lens. The size of the
transmitted beam and the image of the detector at the target are usually made
to be about the same order of size although the transmitted spot is often made
20 to 30% smaller than the receiver field of view so that small differences
between the two optical axes do not affect the overall system accuracy. The
process of aligning the three optical axes of the system to be coincident is
referred to as bore sighting or harmonization.

Electronics

Upon a command from the operator, the electronic supplies are turned
on and the energy storage capacitor charged to its working voltage. Then,
when the sighting telescope has been carefully aligned to point at the target,
the transmitter pulse is initiated. A small fraction of the energy from the pulse
is picked off and fed to a fast photodiode; the output from the diode initiates
a high-speed counter which is clocked by pulses from a quartz-controlled
oscillator. A small fraction of the energy reflected from the target is collected
by the receiver lens which is focused onto the detector.
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The output from the detector is fed to a head amplifier which converts
the current developed by the detector in a high impedance to a low-impedance
output while minimising the additional noise introduced by the conversion
process. The signal level is then further increased in the main amplifier. The
amplified signal is applied to a threshold comparator; if the signal exceeds an
internally set voltage, the clock is stopped. The threshold has to be set so that
noise signals alone only very rarely cross the threshold to create false alarms,
and yet must not be set so high that there is an appreciable probability that
true signals will be missed.

If the clock frequency is chosen correctly, the number of clock periods
stored in the counter can be simply related to the range of the target. For
example, if the clock frequency is set at 29.978 MHz, light will travel 10 m in
one clock cycle and thus the range resolution of the instrument will be +5.
Some designs can cope with more than one pulse exceeding the threshold
value; in this case the clock is not actually stopped by the signal crossing the
threshold level but instead the clock count at each occurrence is fed into a set
of storage registers, which are read out in sequence at the end of the ranging
operation.

It is then left to the judgment of the operator to decide which is the true
range to the target. A simpler variant of this technique allows the operator to
choose whether to display the first or the last range value received. For
example, when operating under conditions where smoke or haze is present it
would be advantageous to use last-pulse mode, whereas when operating in
clear conditions with a target outlined against a more distant hillside, the first
pulse is most likely to correspond to the range of the wanted target.

Questions to Text 10A.

1. What types of lasers are mainly used in the present-day rangefinding
systems as the source of transmitter power? 2. List the three optical channels
of a typical rangefinding system. 3. What is the function of a wavelength-
selective filter? 4. In what way can the field of view of the receiver channel be
determined? 5. What is bore sighting? 6. List the principal circuit elements of
a pulsed laser rangefinder. 7. In what way is the threshold set? 8. In what
cases does the operator choose the last-pulse mode?

Reading and discussion 2

7. We distinguish between two types of target: those giving deliberately
enhanced return called cooperative targets, and other targets referred to
as non-cooperative. Read Text 10B and 10C and find out which of them
deals with rangefinders using cooperative targets.

COOPERATIVE AND NON-COOPERATIVE TARGETS
Text 10B

The optical depth of natural targets (trees, buildings and vehicles) is in
the range of a few metres. This sets a limit to the accuracy that is useful, and
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thus sets a lower limit to useful pulse length of the order of 25ns. This length
of pulse fits well with those produced by Q-switched solid-state lasers or
Q-switched gas lasers.

Even if the accuracy requirement were relaxed, there is an energy
advantage in keeping to as short a pulse as the detector will handle. This may
be readily seen for a receiver that detects individual photo-events (e.g.
a photomultiplier). One is trying to distinguish a weak return from random
counts due to noise, background, etc. Clearly if the photoevents from the
return are concentrated into the smallest possible time interval, they will have
a maximum statistical significance compared with background photoevents,
especially when the probability of a background event in the time interval
becomes very small. For a receiver incapable of detecting individual
photoevents, a similar conclusion applies; for detecting weak returns it is
advantageous to compress the available energy into the shortest pulse.

Text 10C

The prime aim is accuracy.The use of retroreflectors provides not only a
precise target distance but makes signal strength a secondary problem (at least
up to several kilometres range). Measurement speed is also a secondary
consideration. The precision attainable in a phase measurement accurate to
within 0.1% at 50 MHz (corresponding to 3 mm range uncertainty) corresponds
to a timing accuracy of 20 ps, which would clearly be difficult to attain by
direct measurement because detector response times are usually inadequate.
The advantage in energy terms of long duration transmission for direct
detection systems is, therefore, outweighed by the accuracy advantage
attainable with modulated waveforms lasting many seconds.

8. Read Text 10D and answer the following questions.

1.  What technique is this text concerned with?
2 What are its practical applications?
3.  What types of laser are usually employed? Why?

Text 10D
ATMOSPHERIC AEROSOL POLLUTION MONITORING

By using a pulsed transmitter it is possible to obtain detailed range-
resolved data on the distribution of atmospheric aerosols; this technique is
generally referred to as lidar, from light detection and ranging by analogy with
radar.

Equipments usually employ visible lasers, either ruby, frequency-doubled
Nd, or dye lasers to take advantage of the larger scattering coefficients at
shorter wavelengths and the high sensitivities of photomultiplier tubes. Since
signals produced by scattering from the atmosphere are much less than those
from solid targets, high transmitter powers and large receiver optics (250 to
500 mm diameter) are employed) Such systems can be used to study the
distribution of pollution aerosols, the evolution of natural cloud formations,
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the effluent! from smoke stacks’, the tracking of insecticide clouds, etc.
Returns from particles at altitudes as high as 15 to 20 km can be obtained. By
making observations at a series of different elevations® it is possible to build
up a picture of the aerosol particle distribution around a single station at a
given time. Alternatively, the temporal evolution* of pollution can be studied
by firing the laser beam vertically upwards and recording the variation of
aerosol distribution as a function of time. This has been used, for example, to
study the pollution build-up’ in the vicinity of motorways.

9. Render the text given below in English. Use the following words
and word-combinations:

time-of-flight, Fizeau, Michelson, modulated-beam rangefinders, pre-laser
days, to stem from, fast high-energy pulses, to revolutionize the capabilities

Bpems mpoxoxaeHusl ONTUYECKOro Jy4ya OT MCTOYHHUKA 0 yAaJeHHOMU
TOYKU U 00paTHO uaMepsuioch Puzo, MailkelbCOHOM U APYTUMU YYECHBIMU
B niepuon ¢ 1850 mo 1930 r. ¢ Lenblo oIpenejieHusl CKOpoCcTU cBeTa. B Ha-
crosiee BpeMsl U3MepeHUe Mepruoaa MPOXOXKACHUS ONTUYECKOro Jiyda Jie-
JKUT B OCHOBE 1I€JIOr0 KJjlacca OITUYECKUX OalbLHOMEPOB, BKJIIOYAIOIIEro
(hazoBbIc maNBLHOMEPHI, KOTOPBIC MOSIBUJIMCH A0 CO3JaHUS ja3epa, a TaKkKe
VMIIYJIbCHBIC JIa3epHbIe NaJIbHOMEPBI, B OCHOBE KOTOPBIX JIEXKAT CUCTEMBI,
BIIEPBBIC TIPOAEMOHCTPUPOBaHHBIE B 1961 I. BCKOpE IIOCJIe CO3IaHMs Jia3e-
pa. VIMItybCHbBIE HaJbHOMEPHI, UCIOIb3YIOIINE HEKOIePEHTHBIE MCTOYHM-
KM, ObLIM M3ydeHbl 10 1960 1., HO IpUMeHEeHNe KOPOTKUX BHICOKOIHEPTETH -
YECKMX UMMYJILCOB 1 BBICOKO-KOJUIMMUPOBAHHBIX MOHOXPOMATUYECKUX JIy-
yeii, MOoJIydeHre KOTOPBIX CTAJIO0 BO3MOXKHBIM C CO3JaHUEM JIa3epOB ¢ MOIY-
JINPYEMOI TOOPOTHOCTBIO, OTKPBLJIO HOBbIE OIPOMHbBIE BO3MOXHOCTH. [103-
JKe CcOoOOIIagoCch O MOSIBJICHUM daJlbHOMEPOB, ucmob3ytomux CO, nazep ¢
TeTEPOIUHHBIM JETEKTUPOBAHUEM; 3TU AAJbHOMEPHI aHAJIOTUYHBI MUKPO-
BOJIHOBBIM PaaHlOJIOKATOPAM U MCIIOJb3YIOT TOIUIEPOBCKUM 3 EKT I Ha-
XOXKACHUS pagualbHOIl CKOPOCTU LIS/,

10. Unscramble the following text, add punctuation marks.

Thetimeoffligthofanopticalbeamfromasoursetoadistantpointandbackwas
measuredbyFizeauMichelsonandothersintheperiod1850to1930todeterminethe
velocityoflightNowadaysthetimeofflightmeasure mentisthebasisofaclassofopti
calrangefindersthatincludesmodulatedbeamequipmentwithoriginsinprelaserda
ysaswellasthepulsedlaserrangefindersthatstemfromthesystemsfirstdemonstrate
din1961soonafterthediscoveryoflaserPulsedrangefindersusingincoherent sourc
eshadbeenstudiedbefore1960butthefasthighenergypulsesandhighlycollimate
dmonochromaticbeamsavailablefromQswitchedlaserrevolutionizedthecapabili
tiesMorerecentlyCQO,laserrangefindingsystemsusingheterodynedetectionhaveb
eenreportedthesehavemanyanalogieswithmicrowaveradarsandusethe Dopplere
ffecttogivetargetradialvelocity.

effluent ['efluont] — c6poc, dunbTpar

smoke stack ['smoukstaek| — mprmMoxomn

elevation [elr'verf(a)n] — BbICOTa, BO3BBIIIIEHHOCTh

temporal evolution ['temp(a)r(9)liva'luzf(e)n] — sBoIOIMS BO BpeMeHUN
pollution build-up [pa'luzf(a)n 'bildap] — HakoIJIeHHE BEIOPOCOB
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11. Make a Power Point presentation on one of the topics covered in
the module.

Supplementary reading tasks

Task 1. Combine the numbered and lettered words to obtain terms:

1) ground-based 7) payload a) spacecraft g) bay

2) angular 8) space b) monitoring h) alignment

3) mother 9) bring ¢) a rendezvous i) shuttle
maneuver

4) docking 10) satellite d) rates j) applications

5) spaceborne 11) closure €) maneuver k) radars

6) perform 12) careful f) spacecraft ) two spacecraft

together

Task 2. Match the word-combinations with their Russian
equivalents:

1) angular alignment a) bopToBas paaguoJOKallMOHHAs CTaHLIUS
2) mother spacecraft b) rpy3oBoii oTceK
3) payload bay C) BBITIOJTHATD COMIKEHNE U CTHIKOBKY
4) closure rate d) yrmoBoe BbIpaBHUBaHUE
5) on-board radar €) KOCMUYEeCKUIi anmnapaT-HOCUTEb
6) perform rendezvous and f) ckopocTh COMMKEHMST
docking maneuvers

Task 3. Read the text below dating back to the 1970s and then try
to find some information on the current developments in on-board
radars.

Spaceborne laser radar

Laser radar systems are being developed for various spaceborne
applications. At present the greatest need for spaceborne radars is as an
accurate guidance aide for spacecraft that are performing rendezvous and
docking maneuvers. Precise knowledge of the relative position between two
spacecraft performing a rendezvous maneuver is difficult and often impractical
to obtain from ground-based radars and therefore accurate radars located on
board the spacecraft are desirable. Also two spacecraft performing docking
maneuvers require careful monitoring of closure rates and angular alignment,
thus precision on-board radars can be a valuable aid in bringing them together
safely. On-board radars can also be useful for continuous or periodic
surveillance! of small satellite spacecraft that are parked in orbits nearby their

! surveillance [s3:'vellons] — Ha6II00eHUE, KOHTPOJIb
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mother spacecraft. Laser radar systems are presently being considered for use
on future spacecraft such as the NASA space shuttle and space station. Space
shuttles can use laser radar to aid the transferring of cargo into and out of
their payload bay. Laser radar can also be used to aid the rendezvous and
docking of space shuttles with space stations and can allow space stations to
monitor the location of small satellite spacecraft.

Task 4. Arrange the paragraphs of the text below in a logical
order.

Apollo 11 experiment still going strong after 35 years

1. Once the laser beam hits a reflector,
scientists at the observatories use
sensitive filtering and amplification
equipment to detect any return signal.
The reflected light is too weak to be
seen with the human eye, but under
good conditions, one photon — the
fundamental particle of light — will be
received every few seconds.

2. The experiment consists of an
instrument called the lunar laser
ranging reflector, designed to reflect
pulses of laser light fired from the
Earth. The idea was to determine the
round-trip travel time of a laser pulse
from the Earth to the Moon and back
again, thereby calculating the distance
between the two bodies to unprecedented
accuracy. Unlike the other scientific
experiments left on the Moon, this
reflector requires no power and is still
functioning perfectly after 35 years.

3. On the afternoon of July 20, 1969,
Apollo 11 astronauts Neil Armstrong
and Edwin “Buzz” Aldrin explored the
surface of the Moon for two and a half
hours, collecting samples and taking
photographs while Michael Collins
orbited in the command module
Columbia. On July 21, about an hour
before the end of their final moonwalk,
they left an experiment on the lunar
surface which, after 35 years, continues
to work as well as it did the day it got
there. Called the lunar laser ranging
experiment, it studies the Earth-Moon
system and returns data to scientific
centers around the world, including
NASA’s Jet Propulsion Laboratory.

4. Scientists know the average distance
between the centers of the Earth and
the Moon is 385,000 kilometers
(239,000 miles), implying that the
modern lunar ranges have relative
accuracies of better than one part in 10
billion. This level of accuracy
represents one of the most precise
distance measurements ever made and
is equivalent to determining the
distance between Los Angeles and New
York to one hundredth of an inch.
“Technical improvements at the
observatories rejuvenate the lunar laser
ranging effort,” Williams said. “When
the range accuracy improves, it is like
getting a new experiment on the
Moon.”

5. Three more reflectors have since
been left on the Moon, including two
by later Apollo 14 and 15 missions and
one (built by the French) on the
unmanned Soviet Lunokhod 2 rover.
Each of the reflectors rests on the
lunar surface in such a way that its flat
face points toward the Earth.

6. The lunar laser ranging experiment
is the only lunar investigation
continuously operating since the
Apollo project. Improvements in lasers
and electronics over the years have led
to measurements currently accurate to
about 2 centimeters (less than one
inch).
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7. It was the summer of ‘69. Director
John Schlesinger’s “Midnight
Cowboy” had won the Oscar for Best
Picture; the Rolling Stones’ newly
released “Honky Tonk Women” was
climbing the charts; 400,000 people

were gearing up to attend Woodstock...

8. The Apollo 11 laser reflector consists
of 100 fused silica half cubes, called
corner cubes, mounted in a 46-
centimeter (18-inch) square aluminum
panel. Each corner cube is 3.8
centimeters (1.5 inches) in diameter.
Corner cubes reflect a beam of light

and America landed on the Moon,
making “one giant leap for mankind.”

directly back toward its point of origin;
it is this fact that also makes them so
useful in Earth surveying.

Task 5. Choose the correct definition for these words and expressions
(underlined in the text):

Para 7:
to climb the charts means (a) reach a particular position on the charts,
(b) move to a higher position in popularity lists, (c) go over a geographical
map;
o gear up means (a) be prepared to do a particular activity, (b) change
to a higher gear; (c) equip with gears;

Para 3:
a sample means (a) a small boat of a kind used in East Asia, (b) a
sound or piece of music created by sampling, (c) a specimen taken for
scientific testing or analysis;
moonwalk means (a) an act or period of walking on the surface of the
moon, (b) a dance with a gliding motion, in which the dancer appears
to be moving forward but in fact is moving backwards, (c) the launching
of a spacecraft, rocket, etc), to the moon;

Para 2:
round-trip means (a) not saying what is meant clearly and directly,
(b) a journey to one or more places and back again, (c) done all day
and all night without stopping;

Para 8:
a corner cube means (a) right-angle collimator, (b) corner selector,
(¢) a retroreflector;

Para 5:
a mission means (a) an important task, (b) an expedition into space,
(¢) an ambition or aim,;

Para I:
fo hit means (a) arrive at a place, (b) come into contact with something
stationary forcefully, (c) make or become hot or warm;

Para 6:
accurate means (a) correct in all details; exact, (b) punctual, (¢) neat;

Para 4:
to imply means (a) make a formal application or request, (b) suggest
something as a logical consequence, (c) bring or put into operation or use;
fo rejuvenate means (a) restore unity, (b) come together a period of
separation, (¢) make something more lively and more efficient.
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Module 11 Texts:
Q-SWITCHING A. Q-Switching. Choosing the

best alternative

B. Acousto-optic Q-switches

C. FO strain sensor to watch for
quakes

Terminology A

Quality factor (Q) ['kwolatifaekto] — KoadPuULIMEHT TOOPOTHOCTH;
Q-switching ['kjuiswitfin] — MomyasLMsi TOOPOTHOCTH;
Q-switch ['kjuiswitf] — MomynsiTop HOOGPOTHOCTH;
acousto-optic Q-switch [ ku:stou'optik'kjuiswit/] — akycToonTu4eckuii
MOIYJISITOP JOOPOTHOCTH;
electro-optic Q-switch [1lektrau'optik’kjuiswitf] — aJeKTpOONTUYECKUIA
MOIYJISITOP JOOPOTHOCTH;
rotating-element Q-switch [rou'tertiy'elimont'’kjuiswit/] — Momxyasitop
JIOOPOTHOCTU C ITOMOIIbIO BpalllaloIIeTrocs 3JIeMeHTa

shutter ['[ato] — 3aTBOD;
intracavity shutter [intra'keevotr'fata] — BHYTpUpE30HATOPHBIA (BHYTpH-
MOJIOCTHOIA) 3aTBOP

energy storage capacity ['enodsistoiridi ko'paesati] — KoIM4YeCcTBO 3amaceH-
HOI HEPIUU, YHEPro€MKOCTh aKKyMYJIITopa

cell [sel] — gueiika;
dye-cell Q-switch ['darsal'’kjuiswit/] — MogyasiLus JOOPOTHOCTH Ha
SIYEUKEe C KPAaCUTEIEM;
Kerr-cell Q-switching — Momgysust OOPOTHOCTH C TTOMOIIBIO TYEHKN
Keppa;
Pockels cell — stueiika ITokkenbca

two-state saturation ['tu:steitsetf(a)'rerf(a)n] — IByXypOBHEBOE HAChIIIE-
HUE;
saturable absorber ['seetforabl oab'zo:b(s)] — HaChILLIAIOLIMIICS TOTIOTUTETD

Word study

1. Choose the correct words to complete the sentences that follow:

1) longer, no longer, any more, any longer
Stimulated emission occurs, and lasing stops.
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2) rise, raise, rose, risen, raised

If pumping continues, more atoms can be

laser level.

3) in use, in operation, in question

to the upper

Operating parameters for each type of Q-switch depend on the material

4) accessible, saturable, available, favorable
If the Q-switch is suddenly opened, the excess energy is

for immediate transmission.

2. Combine the numbered and lettered words to obtain terms:

1) intracavity 6) dye-cell a) Q-switch f) shutter
2) quality 7) power b) time g) density
3) upper 8) decay ¢) holography h) energy
4) excess 9) population d) inversion i) factor

5) double-pulse 10) range e) finding j) laser state

Reading and discussion 1

Read Text 114 and answer the questions on page 118

Text 11A
Q-SWITCHING. CHOOSING THE BEST ALTERNATIVE

Short pulses of high peak power are useful in many applications of lasers —
materials processing, rangefinding, and double-pulse holography are just a
few examples. Some lasers generate such pulses as a matter of course. Others
do not. Some of these other lasers can be induced to generate nanosecond
pulses with peak powers of hundreds of megawatts by changing, i.e. switching.
the quality factor, Q, of the laser cavity during pumping.

The key to Q-switching is energy storage capacity, a combination of
optical gain and decay time. Generically, a Q-switch can be thought of as an
intracavity shutter. Under normal laser excitation and with the Q-switch open
atoms are pushed into the upper laser state at some given rate, spontaneous
emission begins to occur, optical feedback is provided by the two laser mirrors,
and stimulated emission (laser action. ensues. Without getting deeply involved
in rate-equation analysis, if the optical gain is larger than the optical losses
and the various upper- and lower- level decay times are favorable, a steady-
state lasing equilibrium can be achieved.

If the Q-switch is closed, the optical feedback is eliminated, stimulated
emission no longer occurs, and lasing stops. But if pumping continues more
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atoms can be raised to the upper laser level than are found there under the
condition of operational equilibrium just described. Stated simply, under the
“closed-shutter” condition, excess energy is stored in the upper laser level. If
the Q-switch is suddenly opened, that excess energy is available for immediate
emission. The instantaneous rate of stimulated emission is quite high for the
first photons reflected from the rear mirror, and a large laser pulse is emitted)
This depletes the upper level and lasing stops until more energy can be placed
in the upper laser level again.

The best laser candidates for energy storage are several types of solid-
state lasers — Nd:YAG, Nd:glass, ruby, and so on. At the other extreme, ion
lasers cannot be Q-switched: the population inversion in an ion laser decays
so quickly that these lasers are unable to store energy. Other types of gas
lasers, such as carbon dioxide lasers, however, can be Q-switched.

Several types of Q-switches can be used.The three most common in terms
of market penetration are acousto-optic, electro-optic and dye-cell Q-switches.
The advantages and disadvantages of each are described in subsequent texts.
Operating parameters for each type depend on the material in use.

At least two other types of Q-switches had been used in the past but they
have little market presence today. Kerr-cell Q-switching, similar to electro-
optic Q-switching but with a single polarizer, isn’t used very often anymore
because of difficulties in dealing with materials like nitrobenzene and prob-
lems associated with component damage.

The other infrequently encountered type of Q-switching is the rotating-
element Q-switch. If the rear mirror of the cavity were rotated in the plane of
the paper (see Figure 1) for a brief portion of each complete rotation, it
would form a return path for optical feedback and lasing would occur. If this
brief portion of rotation coincides with the period of peak energy storage in
the laser medium, maximum peak power in the Q-switched pulse can be
obtained. For the rest of each complete rotation, the cavity is nonresonant
and lasing is inhibited (a retroreflective prism could also be used as the
rotating element).

(Rear cavity mirror rotates in
rotating elevent Q-switch — 2nd

shutter is removed from cavity) .
Q-switch

(interactivity

" shutter)
Rear cav1ty mirror ' ’
(total reflector)

Flashlamp Lase
r

output

Laser medium  Output mirror

Figure 1. An acousto-optic Q-switched laser cavity
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With good optical coatings, rotating-element Q-switches can withstand
higher power densities than can other types of Q-switches. However, difficulties
in synchronization can make these devices difficult to work with, to the point
where the user synchronizes the experiment to the Q-switch rather than vice
versa. Another problem concerns angular velocity: top speeds of several
hundred hertz lead to minimum pulse duration of the order of 30 nanoseconds.
However, in the middle infrared, where materials capable of sustaining high-
power operation are available for use as electro-optic or acousto-optic
Q-switches, the rotating-element Q-switch still has a place. The recent interest
in the erbium-doped YAG laser, which operates near 3 micrometers, may
lead to a comeback for the rotating-element Q-switch.

Review

3. Match the numbered and lettered parts of the following sentences
to produce true statements.

1. Generally, a Q-switch can be
thought of

a) the optical feedback is eliminated
and lasing stops

2. If the Q-switch is open,

b) these lasers are unable to store
energy

3. If the Q-switch is closed,

¢) as an intracavity shutter

4. The best laser candidates for energy
storage

d) spontaneous emission begins to
occur

5. The population inversion in an ion
laser decays so quickly that

e) is energy storage capacity, a
combination of optical gain and
decay time

6. With good optical coatings, rotating-
element Q-switches

f) are several types of solid-state lasers:
Nd:YAG, Nd:glass, ruby, etc

7. The key to Q-switching

g) can often withstand higher power
densities than can other types of
Q-switches

4. Pick out the words that do not belong to the following

groups:

1) Nd:YAG, carbon, Nd:glass, ion, ruby;
2) dye-cell, rangefinding, electro-optic, acousto-optic, Kerr-cell, rotating-

element;

117




3) rear cavity mirror, intracavity shutter, laser medium, energy storage
capacity, flashlamp, output mirror, laser output;
4) feedback, comeback, cavity, gain, emission.

5. Reorder the items of Text 11A4’°s plan according to the text.

Types of Q-switches.

The rotating-element Q-switch operation.

Basic concepts of Q-switching.

Advantages and disadvantages of the rotating-element Q-switch.
Processes that occur under different positions of a Q-switch.
Kerr-cell Q-switching.

Q-switching characteristics of different materials (types of lasers).

Nk WD

6. Answer the following questions.

1. List the applications of lasers with short pulses of high peak power.
2. What do changes in the quality factor result in? 3. What is a Q-switch?
4. Explain what happens under normal laser excitation with the Q-switch
open. What is the position of the Q-switch for lasing to stop? 5. What are the
best laser candidates for energy storage? 6. Explain why ion laser cannot be
Q-switched. 7. Enumerate the types of Q-switches described in the text.
Which are the most common types? 8. Describe the operation of rotating-
element Q-switches. What are their advantages? What makes these devices
difficult to work with?

7. Use exercises 5 and 6 to sum up the contents of Text 11A.

Terminology B

strain waves ['streinwerv| — BOJIHBI yIIpyrocTu (YIpyrue BOJIHBI), BOJHBI
nedopMait

laser beam deflector ['leizobirm drflekto] — ma3epHslii gedaekTop

optical signal processor ['optik(e)lsign(o)l ‘prousesa] — ycTpolicTBO ONTH-
yecKoil 00paboTKU curHajia

laser frequency shifter [ leizo'frizkwansi 'fifto] — ycTpoiicTBo caBura jasep-
HOW 4acCTOTHI

mode-locking ['moudlokin] — cMHXpOHU3ALMST MOJI;
mode-locker ['moudloks] — CMHXpPOHU3ATOP MO
mode-locked laser system — na3epHasl cucTeMa B pexkuMe CUHXPOHM3a-
LW MOZ,

bulk damage [balk'demidi]] — o6BEMHOE paspyleHue, 00bEMHOE MO-
BpeXIeHHe; pa3pylieHne (CTOMKOCTD K pa3pylIeHUI0) KpucTajiia

r.f. drive power — pagnMo4acTOTHbIN UCTOYHUK CUTHAJIA
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Word study

8. Match the terms on the left with the Russian equivalents on the
right:

1) mechanically induced strain waves a) MJIOTHOCTb MOLLHOCTU Ha BBIXONE

2) tunable optical filters b) nazepHblit nedaeKTop

3) single-pulse bulk-damage threshold | ¢) nauTeaIbHOCTH UMIYJIbCa Ja3epa C

intensity aKyCTOOIITUYECKOW MOAYJISLIMEH

JIOOPOTHOCTH

4) laser cavity configuration d) nmepectpauBaeMble ONTUYECKUE
(UIBTPHI

5) output power density €) TuIaBJICHBIN KBaplL

6) laser beam deflector f) BOJTHBI yIIpyrocTu, HaBOAUMBbIE
MEXaHUYECKUM TTyTeM

7) fused quartz g) UHBEpCHasl HaceJIeHHOCTb B YCTOM-
YUBOM COCTOSTHUM

8) steady-state population inversion h) noBpexaeHue MOKPHITUS

9) coating failure i) cxema J1a3epHOTro pe3oHaTopa

10) acousto-optic Q-switched pulse j) moporoBasi MOLIITHOCTb pa3pyLLeHUsI

duration P MOHOUMITYJIbCHOM U3JTyYeHUU

9. Match the verbs on the left with the definitions on the right:

1) to mature | a) to think about something carefully, to ponder, to study, to
observe or examine

2) to inhibit b) to say that something will happen, before it happens; to
foretell

3) to predict ¢) to become ripe, to reach completion

4) to provide | d) to prevent something from growing or developing well, to
restrain, to hinder

5) to consider | e) to bring about or ensure, to arrange for something or prepare
beforehand, to supply something

Reading and discussion 2
Read Text 11B and answer the questions on page 122.

Text 11B
ACOUSTO-OPTIC Q-SWITCHES

The term “acousto-optic” describes the interaction of optical waves with
mechanically induced strain waves, which vary the index of refraction in an
optical interaction medium. This type of interaction was first predicted by
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Brillouin in 1922. But it was not until after the development of the laser in the
early 1960s that acousto-optic devices began maturing into the products of
today. The acousto-optic interaction has led to the development of many
useful devices: laser modulators, laser beam deflectors, optical signal
processors, tunable optical filters, laser frequency shifters, modelockers, and
Q-switches.

Of particular interest is the acousto-optic Q-switch; consider the laser cavity
configuration shown in Figure 2. If the laser medium is continually pumped
without any optical feedback mechanism, a steady-state population inversion
will be established in the laser transition level. An excess population of this level
can be obtained if the radiative lifetime is long and the pumping intensity is
high. The addition of the two end mirrors will form a cavity and provide the
required feedback for lasing. The properties of the laser cavity are characterized
by the quality factor, Q. A high value of Q means that energy is stored in the
cavity with only very small losses. A low value of Q, conversely, indicates the
presence of large energy losses in the cavity, and the lasing will be inhibited.

Trigger or gate
Flashlamp or cw R
Diffracted rf driver lamp
beam
{ > Output
Q-switch —  Laser rod

100% high Partial
reflectivity reflectivity

mirror mirror

Figure 2. Simplified schematic of an acousto-optic Q-switched laser cavity

For the acousto-optic Q-switched laser configuration shown in Figure 2,
the QO factor is given by the expression Q = 2dw/(I — R + Rn)c!, where R is
the reflectivity of the output mirror, d is the distance between the mirrors, ®
is the angular frequency of the light, ¢ is the velocity of light, and n is the
fraction of light diffracted out of zero order when the Q-switch is on.

With rf drive power applied to the Q-switch, n is high and the value of O
is held low, preventing lasing. In this state the laser medium has time to build
up an excessive population in the laser transition level. After pumping the
laser rod to the maximum population the rf drive is switched off and all the
light is allowed to pass between the mirrors. This allows the laser pulse
intensity to build up rapidly to the maximum and then decay as the excited
states are depleted. This cycle is repeated at the desired laser pulse rate as
limited by the optical and electrical time constants.

! For Greek alphabet see Appendix 1.
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Acousto-optic Q-switches are commonly used in continuous-wave,
modelocked, and pulsed laser systems to generate intense bursts of laser light.
Q-switching usually reduces the energy of the pulses but at the same time the
pulse length is shortened so much that the peak power is increased considerably.
Acousto-optic Q-switched pulse durations typically range from 40 to 200
nanoseconds, depending on the laser design, acousto-optic Q-switched ruby
and Nd:YAG lasers produce output power densities of 107 to 10® watts per
square centimeter; measurements as high as 4-10° W/cm? have been reported
in simultaneously Q-switched and modelocked systems. By using a variety of
optical interaction materials Q-switches have been designed to work in laser
systems operating at wavelengths ranging from 300 nanometers to 11 micrometers.

Fused quartz is the most commonly used acousto-optic Q-switch medium
for operation between 300 nm and 2 um. The single-pulse bulk-damage
threshold intensities at wavelengths of 1064 and 532 nm are 110 and 90 GW/cm?,
respectively. Multi-pulse bulk damage occurs at about 80 percent of threshold
at 1064 nm and 60 percent of threshold at 532 nm, as reported by Merkle et
al. of the University of Southern California. Interestingly, quartz optical
elements typically suffer coating failure before bulk damage occurs. For
applications requiring low optical power more efficient materials, such as lead
molybdate (PbMoQO,) and flint glass are used in some devices operating
between 600 and 1200 nm. However, these materials find limited use because
of their high internal optical absorption.

Constant improvements in acousto-optic Q-switch design and fabrication
techniques are leading to more efficient, reliable and more stable systems.
However, the final Q-switch choice will be dictated by the user’s system
requirements and economic tradeoffs.

Review

10. Match the parts of sentences in the two columns to produce true
statements.

1. The term “acousto-optic” describes a) the presence of large energy losses
in the cavity

2. It was not until after the b) energy is stored in the cavity with
development of the laser in the early only very small losses
1960s
3. An excess population of the laser ¢) the interaction of optical waves with
transition level can be obtained mechanically induced strain waves
4. A high value of Q means that d) because of their high internal optical
absorption
5. A low value of Q indicates e) range from 40 to 200 nanoseconds,
depending on the laser design
6. Acousto-optic Q-switched pulse f) that acousto-optic devices began
durations typically maturing into the products of today
7. These materials find limited use g) if the radioactive lifetime is long and

the pumping intensity is high
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11. Pick out the words that do not belong to the following groups:

1) continually, conversely, rapidly, commonly, reflectivity, considerably,
typically, simultaneously, respectively, interestingly;

2) shorten, reduce, limit, deplete, build up, decay;

3) transition level, interaction medium, drive power, pulse rate, time
constant, index of refraction, bulk damage, power density;

4) inhibit, prevent, stop, hinder, provide.

12. Reorder the items of Text 11B’s plan according to the text. Pick
out the items that are not mentioned in this text.

Lasers using acousto-optic Q-switches.

Operation difficulties of dye-cell Q-switching.

The expression for the Q factor.

Prospects of developing more stable systems.
Acousto-optic Q-switch operation. Simplified version.
Outstanding electro-optic crystals.

Acousto-optic interaction. Background.

The most commonly used acousto-optic Q-switch media.

13. Write an abstract of Text 11B.
14. Answer the questions to Text 11B.

PR DD

1. Who was the first to predict acousto-optic interaction? What does the term
mean? What devices are based on this interaction? 2. Use Figure 2 and the
expression for Q factor to describe the operation of the acousto-optic Q-switch.
3. What types of laser systems commonly use acousto-optic Q-switches?
4. What is the most commonly used acousto-optic medium? What applications
require the use of other materials? Why?

15. Compare the configuration and operation of the rotating element
O-switch (1ext 11A, Figure 1) with those of the acousto-optic Q-switch
(1ext 11B, Figure 2).

16. Render the text given below in English.

Koadpdpumment mobporHocTM @ OTIpenensieTcs TOTEepsIMHU JIa3epHOTO
pe3oHaTopa; YeM MEHbIIIe TToTepH, TeM BbIIle 3HaueHue (. PaccMoTpum Ja-
3epHBIIl Pe30HATOP, B KOTOPOM Iepel OMHMM U3 3epKajl MOMEIIEeH 3aTBOP.
[Ipu ycnoBum moCTOSTHHOM HAaKa4KW aKTUBHOM Cpenbl U MPU 3aKPHITOM 3a-
TBOpE MHBEPCHAsI HACEJICHHOCTh aKTUBHOI CpeIbl B pe30HATOPE ITPOIOIKa-
€T YBEIUUYMBATHCSA U JOCTUTAeT MaKCMMaIbHOIO 3HaueHus. Eciau 3aTBOp 3a-
KpBITh, TO BeIMUYMHA MHBEPCHOM HACEIIEHHOCTU OyIET COOTBETCTBOBATh Ha-
YaJIbHOMY, TOpa3ao BHIIIE IIOPOTOBOIr0, 3HAUYSHUIO; SHEPTHsI, HAKOILJICHHAS
B pe30HaATOpe, OyIeT BBIIEISITHCS B BUAE KOPOTKOIO MMIIYJIbCA CBETA C BHI-
COKMM MaKCHMaJbHBIM 3HauyeHWEM MHTEHCUBHOCTH. I1OCKONBKY IIpm OT-
KpBbIBAaHUU 3aTBOpa 3HaueHUe () BO3pacTaeT OT OYeHb MajoOl BEJIUIMHBI 10
OYCHB OOJBIIONM, 3TOT METOI MOIYISHUS KOPOTKOTO MHTEHCUBHOTO UMITYJIb-
ca cBeTa MOJIY4YMJ Ha3BaHWE MTHOBEHHOM MOMYJISIIUN TOOPOTHOCTH.
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17. Unscramble the following text, add punctuation marks.

The qualities of detectors

importantdetectorqualitiessuchasspectralresponserisetimeandsensitivitydiffern
otonlybetweentypesbutalsobetweendifferentdetectorsofthesametypethesequali
tiesarealsoinfluencedbythedesignoftheoverallmeasurementsystemincludingco
mponentspecificationseveralparametersareusedtocharacterizedetectorperform
ancequantumefficiencythenumberofelectronsgeneratedperincidentphotonisaf
undamentalparameterthatunderliestheperformanceofmanytypesofdetectorssig
naltonoiseratiowhichwillbediscussedinnextmonthsarticleistheultimatefigureof
meritforadetector

18. Read Text 11C and answer the questions.

1.  What is the sensitivity of the system described?

2. What types of laser are used in the system? Why?
3. List possible applications of the fiber strain sensor.
Text 11C

FO STRAIN SENSOR TO WATCH FOR QUAKES

A fiberoptic strain sensor! being developed at the Los Alamos National
Laboratory will watch for small strain in the earth’s crust?, which may precede
earthquakes®. The system can detect strains as small as 10—10, which can
develop over a period of years.

To achieve that sensitivity Los Alamos geophysicist Fred Homuth turned
to an interferometric sensor based on two parallel single-mode fibers installed
without cabling in a hole in the ground. One is isolated from the influence of
the surrounding rock; the second is cemented to the rock so it experiences
strains in the surrounding rock. Strain-induced alterations* in the effective
path length of the second fiber are detected by comparing its output with that
of the reference fiber interferometrically and continually monitoring the
output with a computer.

The sensing system will use about 200 meters of a special single-mode
fiber with wavelength of 1095 nm. That special fiber is needed because
Homuth is using helium-neon laser sources emitting at 1152 nm. Those lasers
were selected for their high stability and the low fiber losses at that
wavelength.

Homuth noted that the fiber strain sensor could find other applications
including detecting underground nuclear explosions, monitoring ground

! strain sensor ['senso] — maTynk gedopmanuii

2 the earth’s crust [krast] — 3eMHas Kopa
3 precede [prrsiid] an earthquake ['3:0kwelk] — nMeTh MecTo Tepel 3eMJIeTpsICEHUEM
4 alteration [o:lt(e)'re1f(a)n] — u3MeHeHUE
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stability near waste storage' and nuclear reactor sites, and monitoring stability
of structures such as pipelines built on permafrost.

Supplementary reading tasks

Task 1. Complete the table using a dictionary if necessary.

Verb Noun(s) Adjective(s) Adverb
— virtually
evolve —
attainability —
prevent preventing preventing
applicably
lose —
— spontaneity
storage —

Task 2. Read the following text and discuss the differences between
photometry and radiometry.

Radiometry and photometry

Radiometry is the measurement of optical radiation at wavelengths
between 10 m and 1 mm. Photometry is the measurement of light that is
detectable by the human eye, and is thus restricted to wavelengths from about
360 to 830 nm. Photometry has an added layer of complexity — measurements
are factored by the spectral dependence of human vision. Also, as a practical
matter, displays and sources of illumination often have a spatial dependence
not found in most nondiode laser sources.

Early measurements of light power compared what the eye perceived to
the artificial sources then available. Modern units in the science of photometry
are derived from this “standard candle” and are used in the characterization
of displays and illumination. The candela is the fundamental SI unit of optical
measurement, equivalent in kind to the kilogram and the second.

Most optoelectronic measurements use radiometric units of power and
energy familiar from electrical measurements — watts, joules, and so forth.
The lumen is the photometric analog of the watt. There are 683 lumens per
watt at 555 nm, at which the spectral responsive of the human eye is a

! waste storage [‘weIst stoiridz] — XpaHW/IMIIE OTXONOB
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maximum (the luminosity curve is set to unity). At other wavelengths, the
conversion is scaled to the standard luminosity curve.

The candela can be thought of as the product of lumens and solid angle.
There exists a bewildering variety of photometric and radiometric quantities
and associated units (Talbots, nits, and blondels, for example). Modern
instruments are capable of displaying whatever units are best suited to the
application, reducing the burden on the user.

Communication applications such as telecom often use the decibel (dB)
to characterize the attenuation of signal transmission. The decibel is a
logarithmic ratio of powers: dB = 10log( P,/ Prr). The negative sign in
attenuation is ignored. When the reference is set to be 1 mW, the signal is
then measured in “dBm”™ units (decibels relative to ImW). Decibels are useful
units because system losses can be simply added.

Task 3. Combine the numbered and lettered words to obtain terms,
translate them:

1) thermal 5) noise a) performance e) effect
2) coated 6) pyroelectric b) applications f) pulses
3) continuous-wave | 7) ferroelectric ¢) detector g) crystal
4) multijoule 8) military d) surface h) power

Task 4. Read the text that follows and discuss the advantages of
thermal detectors.

Thermal detectors

The first measurements of light were made using simple thermometers,
and today thermal detectors are still the only practical way to measure some
wavelengths and levels of energy. A thermopile consists of a heat-absorbing
coated surface connected to a series of thermocouples. The junctions of the
thermocouples alternate between a constant temperature reference and the
coating (the more thermocouples in series, the greater the sensitivity of the
thermopile). The voltage of the thermocouples is calibrated with a known
light source incident on the coating.

Given a coating with linear absorption across the spectrum, the thermopile
is an all-wavelength detector. Its sensitivity can handle from microwatts of
continuous-wave power up to multijoule pulses, with excellent noise
performance. The drawback of the thermopile is that it is very slow.The
pyroelectric detector, on the other hand, while more expensive and complex,
is a fast, broad-spectrum instrument.

The pyroelectric effect refers to the generation of a voltage by heating a
ferroelectric crystal. This voltage is capable of producing a current proportional
to the change in temperature, and hence to the power incident on the crystal)
Since the voltage vanishes when the crystal reaches equilibrium at the new
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temperature, the signal light must be from a pulsed source, or chopped if the
source is continuous.

Unlike semiconductor-based detectors, thermal detectors do not need to
be cooled to work in the infrared. Miniature versions of these detectors, such
as “microbolorimeters,” are being tested in military imaging applications.

Task 5. Match the numbered and lettered words to obtain terms:

1) single-mode 6) predictable a) decay f) number
2) subatomic 7) radioactive b) prediction g) drive

3) climate 8) chaotic ¢) control h) gaming
4) air traffic 9) thumb d) output i) behavior
5) electronic 10) random e) laser j) particle

Task 6. Arrange the paragraphs of the text below in a logical
order.

Random-number generator gets its input from quantum
vacuum fluctuations

2. To overcome this issue, random
number generators relying on
inherently random physical processes,
such as radioactive decay and chaotic
behavior in circuits, have been
developed. The ANU random-
number-generation process is the
fastest true-random-number generation
scheme yet.

1. In collaboration with
QuintessencelLabs, an Australian
quantum-technology company, the
ANU team is now looking into
commercializing the system. The team
hopes to have this technology
miniaturized down to the size of a
thumb drive.

4. Random number generation has
many uses in information technology.
Global climate prediction, air traffic
control, electronic gaming, encryption,
and various types of computer
modeling all rely on the availability of
unbiased, truly random numbers. To
date, most random-number generators
are based on computer algorithms.
Although computer-generated random
numbers can be useful, knowing the
input conditions to the algorithm will
lead to predictable and reproducible
output, thus making the numbers not
truly random.

3. The random number generator is
online and can be accessed from
anywhere at any time around the
world. Anyone who downloaded live
random numbers from the ANU
website will get a fresh and unique
sequence of numbers that is different
from all other users.
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5. Researchers at The Australian
National University (ANU) are
generating true random (not
quasirandom) numbers from a single-
mode laser setup that makes broadband
measurements of the vacuum field.
And, based on this setup, they have a
website that anyone who needs live
random numbers can access.

6. The vacuum is actually an extent of
space that has virtual subatomic
particles spontaneously and randomly
appearing and disappearing. The setup
ANU makes measurements of the
vacuum field contained in radio-
frequency sidebands of a laser; the
resulting photocurrents are then
transformed by an algorithm into a
string of random numbers that are
generated at up to 2 Gbit/s.

Task 7. Discuss the principle behind and possible uses of random

number generators.




Module 12 Texts:

NONLINEAR A. Intense laser beams bring

OPTICS nonlinearity to light
B. The cutting edge of NLO

C. Unwanted effects
D. Raman to the rescue

Terminology A

a deflected light beam [di'flektid 'laitbizm]] — OTKJIOHEHHBIN JyY (MYYOK)

an optic ['optik] — a1uH3a (onTHYECKOro Mpudopa), 0ObEKTUB, OKYIISIP

second-harmonic generation [sek(o)nd har'monikdzena'rerf(o)n] — rene-
palust BTOpoil TapMOHUKU

multiphoton absorption [ maltr'fouton ab'zo:pf(o)n] — MHOTOOTOHHOE
MOIJIOLIEHUE

stimulated scattering ['stimjolertid 'skeet(o)r1in]| — BeIHYXKIeHHOE (MHIYLIV-
POBaHHOE) paccesiHue

withstand high irradiance [wi0'steend har r'reidions] — BelnepkuBath
M3JIydeHUE BHICOKOM MHTEHCUBHOCTHU

a dissociated molecule [di'soufiertid 'molikju:l] — muccoumupoBaHHas
MoJIeKyJia

intermediate state [ nto'mirdiotsteit] — mepexomHoe cocTossHUE (TTPOMEXY-
TOYHOE) COCTOSTHUE

optical networking ['optik(s)l 'netws:kin] — onTOBOJIOKOHHBEIEC (BOJIOKOH-
HO-OIITUYECKIUE) CETU

margin for error (error margin) ['ma:din for'era] —Ipemesn MOrpenIHOCTH,
JIOTTyCTUMasl TTOTPEIIHOCTD

stimulated Brillouin scattering ['skeet(o)rin]|— BEIHY:KOECHHOE paccestHue
Manpgenbiitama—bpuinnosHa

backward-traveling wave [bakwaod trev(e)lin'werv] — obpaTtHas Geryiast
BOJIHA

stimulated Raman scattering — BbIHY>kAeHHOE€ KOMOMHALIMOHHOE pacce-
STHUE

wavelength-division multiplexing (WDM) ['weivlen© dr'viz(o)n
'malti,pleksin] — criekTpaabHOE MYJIBTUILIEKCMPOBAHNUE

a comb [koum] — rpebeHKa, rpedbeHuaTasl CTpyKTypa

leading edge ['li:dineds] — nepenHuii GpoHT BOMHBI (MMITYJIbCA)

trailing edge ['treiligeds] — 3agHuii GPOHT BOIHBI (UMITYJIbCA)
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self-phase modulation ['self,feizmodjo'lerf(o)n] — dazoBas aBTomomysiius
four-wave mixing ['forwerv 'miksin| — 4eTbIpeXBOJHOBOE B3aMMOJEHCTBUE

(cMmeleHue)

fiber core ['faiboko:] — 1leHTpaabHas Xujia ONITUYECKOTO BOJIOKHA, Cepl-

OEBMHA BOJIOKHA

a long-haul network [lon'ho:l 'netws:k] — ceTh nanbHel CBI3U

Word study

1. Find equivalent phrases either in Text 124 or in the right-hand

column:

1) He BpeaOHOCHBI, HEBPEIHBI

a) bring smth to light

2) OTHOCHUTBCS K; CChLIAThCs Ha

b) benign

3) mocTeneHHOo

¢) place constraints on smth

4) 0OHApYXHUTb, BBISIBUTh, PACKPHITh

d) refer to smth

5) coszmaBaTh U300pakeHe

e) come from smth

6) Het xyna 6e3 no6pa

f) cover a wide domain

7) OBITH PE3yJIBTaTOM YETO-JIN00

g) bring smth about

8) Hak/IaabIBaTh OTpaHUYECHUS

h) in a stepwise fashion

9) MPUBOINTH K YeMY-JINOO

i) to build up an image

10) mepekpe&cTHbIE TTOMEXH

j) exceed a threshold

11) mpeBbIIIATH TOPOT

k) crosstalk

12) oxBaTBIBaTh IIMPOKYIO 00JIACTh

1) Every cloud has a silver lining

2. Combine the numbered and lettered words to obtain meaningful
noun/adjective + noun word-combinations. Translate them:

1) startling 12) nonlinear a) networks 1) fashion
2) intense 13) ultrafast b) effects m) wave
3) unexpected 14) stepwise C) generation n) value

4) widespread

15) micron-sized

d) NLO effects

0) multiplexing
systems

5) high-speed

16) backward-
traveling

e) scattering

p) modulation
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6) high-power 17) threshold f) lasers q) integrity

7) second- 18) pump g) laser beam r) absorption
harmonic

8) coherent 19) wavelength- h) ultraviolet light | s) fiber core

division

9) significant 20) self-phase i) harmonics t) processes

10) higher-order 21) four-wave j) phenomena u) level

11) stimulated 22) data k) consequences V) mixing

Reading and discussion 1

3. Read Text 124 and discuss the questions on page 132.

Text 12A

INTENSE LASER BEAMS BRING NONLINEARITY
TO LIGHT

Perhaps the most startling of all the effects made possible by an intense
laser beam are those that result from changes in an optic caused by the beam
itself. In the familiar realm of linear optics, a light beam can be deflected,
absorbed, and so on, but its wavelength remains the same. Intense beams of
light, however, can interact with a material to produce entirely new wavelengths,
as well as other unexpected phenomena — and not all of them are benign. In
this realm of nonlinear optics (NLO) there are problems as well as
opportunities. Currently, the NLO problems found in optical fibers have the
most widespread consequences, placing constraints on the performance of
high-speed networks.

First light

Nonlinear optics refers to a specific class of effects — those that occur
when the energy in an electric field applied to a material under illumination
approaches the energy that binds its electrons to its molecules. The electric
field can come from the illumination itself (an intense laser beam) or it may
be applied separately.

A few consequences of NLO have been known since the 19th century,
such as those that occur when a high DC voltage is applied to an illuminated
dielectric. But it took the extreme fields of high-power lasers to bring NLO
phenomenon to light. Second-harmonic generation (SHG) was first
demonstrated in 1961, when researchers focused a pulsed ruby laser into
quartz and produced coherent ultraviolet (UV) light.
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The prospects for generating new coherent wavelengths were obvious,
and within a few years all of today’s most significant NLO effects had been
discovered, including the generation of higher-order harmonics, stimulated
scattering, self-focusing, and nonlinear absorption. Nonlinear optics covers a
wide domain, and it is not possible to mention all of its effects in a brief
review. A few important examples follow.

Spectroscopy of life

The spectroscopy of nonlinear absorption phenomena has brought about
a revolution in biological analysis. The basic idea of multiphoton absorption
is to excite a sample to high energy levels without using UV. Many organic
molecules can withstand high irradiance in the infrared, but are easily
dissociated by UV.

At high intensities, however, virtual energy states in the material can be
excited by infrared photons, and these intermediate states can then further
absorb infrared photons to reach the final state of excitation in a stepwise
fashion. Analysis of these states provides important information about a
variety of processes in the life sciences, as evidenced by the number of Nobel
prizes awarded for research based on these techniques.

Multiphoton confocal laser imaging is one such technique. A high-peak-
power, tunable laser can excite resonances in a wide variety of substances,
even living tissue. Scanning a microscope along different axes builds up an
image of the sample, and correlation of the fluorescence with the laser pulses
allows investigation of ultrafast processes in proteins.

Every silver lining has a cloud

Data rates that now exceed 1Tbit/s leave little margin for error in optical
networking. Nonlinear optical effects cause four main problems in optical
fibers, all resulting from the long reach of a fiber network and the confinement
of the optical signal in the micron-sized fiber core.

Stimulated Brillouin scattering (SBS) generates a backward-traveling
wave in silica fiber at 1.55 um. Once the threshold for SBS is exceeded, the
intensity of this wave grows exponentially as the pump level increases.This
threshold value might be as low as 1 mW.

Stimulated Raman scattering (SRS) is a particular problem for wavelength-
division multiplexing (WDM) systems, as it takes signal power from shorter
wavelengths and adds it to the longer data wavelengths in the WDM comb.
Because SRS occurs when different channels are simultaneously transmitting
a ‘1’ (that is, a pulse is present), crosstalk results. As a pulse propagates
through a fiber, its leading and trailing edges experience a different index of
refraction brought about by the intensity of the pulse itself. This is the
phenomenon of self-phase modulation (SPM). Self-phase modulation is a
significant problem for long-haul networks that rely on optical amplifiers.

When at least three beams are transmitted in a fiber, the process of four-
wave mixing generates a new beam at a different frequency. In the case of
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WDM, a very large number of beams can be generated. The frequencies of
these beams usually match those of the input, so data integrity is not only
reduced by loss of power from a signal, but also by the addition of this power
to other signals as noise.

Questions to Text 12A.

bl e

‘What is nonlinear optics as compared to linear optics?
What are the most significant effects associated with NLO?
In what way is multiphoton absorption achieved?
Explain the headline of the last section of the text.

Increase your vocabulary

4. Combine the numbered verbs with lettered nouns to obtain
meaningful verb + noun word-combinations. Translate them:

1) interact with

12) withstand

a) DC voltage

1) the final state

of excitation
2) produce 13) absorb b) coherent m) a Nobel prize
ultraviolet light
3) place 14) reach ¢) a material n) the threshold
for SBS
4) apply 15) provide d) entirely new 0) a different
wavelengths index of
refraction
5) bring 16) award e) a ruby laser p) high irradiance
into quartz
6) focus 17) build up f) a wide domain q) little margin
for error
7) produce 18) leave g) constraints on r) important
performance information
8) generate 19) cause h) a revolution s) a backward-

traveling wave

9) cover

20) generate

i) a sample

t) an image of the
sample

10) bring about

21) exceed

j) new coherent

u) problems in

wavelengths optical fibers
11) to excite 22) experience k) NLO v) infrared

phenomenon photons

to light
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5. Match the phrasal verbs below with their equivalents:

1) come from a) to cause something to happen

2) bring about b) occur or follow as the consequence of something
3) rely on ¢) depend on with full trust or confidence

4) build up d) originate in; have as its source

5) result from e) to construct gradually, systematically, and in stages
6) result in f) have a specified end or outcome

1)
12)
13)

6. Complete the blanks with the phrasal verbs from exercise 5.

Process efficiency is also improved by better beam quality, which can
higher manufacturing throughput.

These advances have largely improvements to
CO, optics, which use materials including zinc selenide (ZnSe), gallium
arsenide (GaAs), and germanium (Ge) for lenses, and gold or silver on
silicon substrate for mirrors.

Even at lower concentrations, the aluminum in the junction region tends

to oxidize and the lattice-defect lifetime
problems that plagued early diode lasers.

Most NLO effects intensities that can only be produced
by high-power lasers.

The ability to optical intensity in the confined volume of a
microresonator reduces the input power required to achieve a given energy
density.

The most elaborate results the second-harmonic

generation of light in piezoelectric crystals.

7. Supply the missing prepositions or adverbs:

interact a material;

place constraints the performance of high-speed networks;

a material illumination;

refer a specific class of effects;

...when a high DC voltage is applied an illuminated dielectric;

to bring NLO phenomenon light;

The spectroscopy of nonlinear absorption phenomena has brought
a revolution;

to excite a sample to high energy levels using UV;

to reach the final state of excitation a stepwise fashion;

Scanning a microscope different axes builds an image of the
sample;

leave little margin error;

a different index of refraction brought by the intensity of the pulse;
long-haul networks that rely optical amplifiers.
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8. Rearrange the items of the plan according to Text 12A.

Effects of nonlinear optics.

Problems in this realm of nonlinear optics.
Nonlinear phenomena in life sciences.
NLO vs. linear optics.

o=

9. Speak about one of the topics in exercise 7.

Terminology B

an order of magnitude ['o:dorov'meegnit(j)u:d] — nopsIAOK BETUYUHBI

a phase conjugate mirror (PCM) [ feiz 'kondzugot 'mira] — ¢a3zoBo-cornpsi-
XKEHHOE 3epKaJio

time-reversed reflection [tarm r1'v3ist ri'flekf(o)n] — nHBepTUPOBaHHOE
(oOpamgEénHoe) BO BpeMeHU (BCTPEYHOE) OTPAKEHUE

a distorting medium [di'stortin 'mirdiom| —aedopmupylomias (MCKaxKaoo-
11asi) cpena

optical phase conjugation (OPC) [optik(a)l 'feiz kondzu'gerf(o)n] — onTu-
yeckoe (pa3oBoe COMpsIKEHUE

squeezed light ['skwiizd lait] — cxxaTbIit (cmaBIeHHBIN) CBET

entangled light [1n'teengld lart] — 3amyTaHHBIIT CBET

optical bistability [optik(a)lbaists 'biliti] — onTryeckast OMCTaOMILHOCTD

a soliton ['soliton] — connTOH; yeAMHEHHAS BOJIHA, OAMHOYHAS BOJIHA

scanning probe microscopy (SPM) ['skaenin,proub mar'kroskopi] — ckanu-
pyroias 3oHa10Basg Mukpockornus (C3M)

Word study

10. Find equivalent phrases either in Text 124 or in the right-hand
column:

1) mo cytu a) equally dramatic

2) ynanéHHble (hOTOHBI b) all-optical transistor

3) oOycnaBnuBaThcsl pa3auuHbiMu dbdektamu | ¢) to defy limitations

4) 9MCTO ONTUYECCKUI TPAH3UCTOP d) taken together

5) nepenoBble UCCIETOBAHMS €) maintain the pulse shape
6) coxpaHaTh (popMy (TpoGWIIL) UMITYJIbCA f) cutting edge

7) B COBOKYITHOCTU g) leading edge of research
8) mpeHeOperaTb OrpaHUYEHUSIMU h) rely on different effects
9) cHUXaTh MTOTepU i) reduce losses

10) cTonb xe 3HAaYUTEIbHbIN j) inherently

11) mepemoBoit Kpaii k) distant photons
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11. Combine the numbered and lettered words to obtain word
combinations:

1) motion 6) organic a) of relativity f) beam

2) distorting 7) optical b) communication | g) medium
3) classical 8) incoming ¢) compounds h) devices

4) instantaneous 9) limitations d) pictures i) coefficients
5) nonlinear 10) practical e) approach j) networking

Reading and discussion 2

12. Read Text 12B and discuss the questions on page 136.

Text 12B
THE CUTTING EDGE OF NLO

Organic NLO materials have nonlinear coefficients that for some
processes are orders of magnitude greater than traditional crystals, allowing
the use of lower power, less expensive lasers. The optical quality of these
materials is a drawback. Someday, however, microscopic structures of organic
compounds may help make practical devices from today’s leading edge of
research.

Applications of “optical phase conjugation” can appear almost magical —
the phase conjugate mirror (PCM), for example, which produces a time-
reversed reflection of an incoming beam. A beam that has passed through a
distorting medium and is then reflected by a PCM back through the same
medium will have the distortion removed. Other OPC effects, such as
holographic motion pictures, appear equally dramatic.

Some NLO phenomena are inherently quantum mechanical and cannot
be studied using a classical approach. “Squeezed light” and “entangled light”
are such phenomena. Entangled light appears to defy the limitations of
relativity by demonstrating that two distant photons are in instantaneous
communication about their states of polarization.

The goal of devices based on “optical bistability” is to control light using
only light. It is possible to use optical bistability to construct an all-optical
transistor. Optically bistable devices have two different outputs for the same
input, and can switch rapidly between them.

A soliton pulse is a uniquely nonlinear phenomenon that relies on two
different effects (such as SPM and dispersion. that individually distort the
pulse. But taken together, the effects can maintain the pulse shape in time
and space through the distorting medium. Solitons can interact through
nonlinear optical processes to reduce their losses even further. Such solitons
can translate through thousands of kilometers of fiber with no loss without
the need for amplification. Solitons are the subject of intense research in
optical networking.
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Questions to Text 12B.

1. How do organic nonlinear optical materials compare with common
crystals?

2. Give an example of applications of optical phase conjugation.
3. Why can’t we use a traditional approach to study entangled light?
4. What is a soliton pulse?
13. Formulate questions to match the following answers.
1. A time-reversed reflection of an incoming beam.
2. To control light using only light.
3. SPM and dispersion.
4. A soliton pulse.

Review

14. Rearrange the items of the plan according to Text 12B.

1. Entangled light.

2. Solitons.

3. Optically bistable devices.

4. Optical quality of NLO materials.
5. Optical phase conjugation effects.

15. Speak about one of the topics in exercise 14.

16. Look through Text 12C and answer these questions.

1. What effects hinder the development of lasers as directed energy
weapons?
2. What problems associated with SRS are researchers faced with?

Text 12C
UNWANTED EFFECTS

Like other nonlinear optical effects, the unintended appearance of the
Raman effect' can cause problems for some applications. Atmospheric SRS?
is one of the impediments in the development of lasers as directed energy
weapons. Likewise, the coupling of laser light with plasmas is one of the key
issues facing inertial fusion. SRS changes the efficiency and location of the
deposition of laser energy in the target capsules.

But the most conspicuous problems caused by Raman scattering arise in
optical networking. The tight confinement of light in the core of silica fiber
causes the signal itself to achieve intensities sufficient to pump a surprising

! Raman effect — pamaHOBCKoe paccesHue
2 SRS = stimulated Raman scattering — BbIHYXIeHHOe (KOMOMHALIMOHHOE) paccesHue
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variety of nonlinear optical effects, SRS among them. SRS results in the
creation of spurious signals that can interfere in a number of ways with
wavelength division multiplexing (WDM) to degrade signal quality.

SRS in silica creates a Stokes wave' that is down-shifted from the pump
about 100 nm in the band around 1550 nm that is used in long-haul
communications. The Stokes wave propagates forwards in the fiber along with
the pump wave. If the pump is actually one signal channel of a WDM system,
then the Stokes wave can overlap and interfere with another channel at a
longer wavelength.

Raman amplification depletes the power of shorter wavelength WDM
signals to pump the longer wavelength channels. This results in a reduced
signal-to-noise ratio for some channels, and skewed values of the relative
signal levels.Curiously enough, SRS can also be part of the solution to
nonlinear problems caused by intense signals in WDM.

17. Translate Text 12D with a dictionary.

Text 12D
RAMAN TO THE RESCUE

A distributed Raman amplifier (DRA) uses as its gain medium the very
silica fiber that forms the network. A DRA launches a continuous-wave beam
from the receiver end of the fiber back towards the transmitter, pumping the
Raman transition in the fiber itself and thus providing amplification along the
transmission length. These results in a more gradual amplification than in a
conventional system in which the signal is launched at its peak level, and can
reduce problems caused by other nonlinear effects, such as four-wave
mixing.

The spectrum of the gain bandwidth in a Raman amplifier is determined
by the pump wavelength. The peak of the Raman gain in long-haul networks
is about 100 nm below the pump wavelength; typically several pump sources
at wavelengths spaced 20 nm apart are used so as to broaden and smooth the
gain. A single amplifier can thereby span a wavelength range of more than
100 nm.

Raman amplification can cover all bands of optical communication,
including wavelengths not readily amplified by other means. The broader and
flatter gain spectra of these amplifiers can also have lower effective noise.
Noise from the pump lasers themselves, however, which must be relatively
high-power devices, is a consideration.

The current workhorse for network amplification is the erbium-doped
fiber amplifier (EDFA). These amplifiers need less-powerful pumps than
Raman devices and are adequate in themselves for many applications. But
DRAs can be used together with EDFAs in high-end applications, such as

I Stokes wave — BosiHa CTokca
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submarine installations and transmission rates at 10 Gbit/s and above, to
lengthen the space between regeneration and improve signal quality.

Discrete Raman amplifiers, which pump their own separate coil of optical
fiber to provide gain, can be used in optical networking in a fashion similar to
EDFAs. One application that may grow in importance is boosting signals in
the short-wavelength telecom band between 1480 and 1525 nm, where
conventional EDFAs are inefficient. When carriers fill the WDM channels in
the longer-wavelength bands, they may still be able to add new capacity in the
same fibers if proponents of these amplifiers are correct in their
expectations.

18. Make a PowerPoint presentation on one of the subjects covered

by Nonlinear Opfics.

Supplementary reading tasks

Task 1. Match the terms in the left-hand column with their Russian

equivalents:

1) beam power density

a) nmpeoOpa3oBaHUE C MOBBILLIEHUEM YaCTOThI

2) phase matching

b) mpeobpa3oBaHNE YaCTOTHI

3) damage threshold

C) cyMMapHasi yacToTa

4) frequency conversion

d) coBnageHue 1o pasze

5) sum frequency

€) npeobpa3oBaHUe C MOHUXEHUEM YaCTOThI

6) frequency up-conversion

f) IIOTHOCTH PHEPTUM TTyYKa

7) frequency down-conversion

g) C YIJIOBOHM WJIM TeMIIepaTypHOI MepecTpoii-
KOM

8) angle or temperature tuned

h) pomaHOBCcKOe (KOMOMHALIMOHHOE) CMeELlIe-
HUE

9) middle infrared

i) TIOpOT JIy4eBOU CTOMKOCTH

10) Raman shifting

j) omrTMYecKast OTHOPOIHOCTh

11) optical homogeneity

k) cpenHeBoHOBaAs MH(ppaKpacHast 00JIacThb
creKTpa
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Task 2. Read the text below and discuss the most important factors
underlying material selection.

Choosing a nonlinear crystal

The key factors for material selection depend not only upon the laser
conditions — beam size, beam quality and beam power density — but also
upon the crystal’s properties, such as phase matching, transparency, damage
threshold and temperature stability.

Tunable laser sources ranging from the ultraviolet to the infrared may be
achieved by frequency conversion of fixed-wavelength or tunable lasers by
using nonlinear crystals. Second harmonic generation (SHG), third harmonic
generation (THG) and sum frequency mixing (SFM) have been widely used
for frequency up-conversion (i.e. the shifting of an optical beam to shorter
wavelengths). Optical parametric oscillation (OPO), on the other hand,
provides a means for frequency down-conversion with continuously angle or
temperature-tuned output) Shorter-wavelength (100 to 200 nm) and middle-
infrared coherent sources may also be obtained by further Raman-shifting of
the nonlinear-crystal-converted output.

Using the direct output of commercial lasers or their harmonics as the
pumping sources, OPO in nonlinear crystals provides a very wide tuning
spectrum, from the far infrared to the vacuum ultraviolet.

Materials selection rule

The key issues of materials selection for frequency conversion may be
summarized as follows:
high conversion efficiency;
high damage threshold,
wide phase-match and transparency range;
large size with good optical homogeneity;
low cost and easy fabrication;
chemically (free of moisture) and mechanically stable.

Task 3. Look through the text that follows and sum up the features
of the BBO crystal.

Features of the BBO! crystal

The salient features of the BBO crystal may be readily summarized. First,
it has a very wide transparency and phase-matching, angle-tuning range: 190
to 300 nm. Second, it has a high damage threshold — up to 13 GW/cm? at
1.06 m and a 1-ns pulsewidth — and a wide temperature acceptance width of
55 °C. This temperature acceptance width is about ten times as large as that of

! beta-barium-borate crystal — kpucraan 6eta-6opara 6apus
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PDP! and twice that of PTP2. Third, BBO has a very high non-linear
coefficient. BBO’s effective figure of merit is 3 to 14 times better that that of
KDP for second harmonic generation at 1064 nm.

Fourth, BBO is chemically stable and nearly free of moisture. Fifth,
good-quality BBO crystals are commercially available at reasonable prices in
sizes as large as 10 x 10 x 10 mm) BBO crystal has been identified as a prime
candidate for frequency doubling dye lasers to generate deep-ultraviolet
sources. Efficient (relatively speaking, of course), tunable sources in the 201
to 310-nm range have been reported for phase-matching at room temperature.
More recently, a 195-nm source has been achieved using BBO at low
temperature for sum frequency mixing the outputs of dye lasers. Commercial
dye laser systems with excimer lasers as pumps using BBO crystals for internal
frequency-doubling, are also available. A vacuum-ultraviolet source at 71 nm
was recently reported; it involved third harmonic generation, in neon gas, of
the BBO-generated 213-nm fifth harmonic of a Nd:YAG laser. Peak output
powers of 1 to 2 W from this fifteenth-harmonic generator have been
measured.

Nonlinear crystals play an essential role for the generation of coherent
sources in spectral regimes where useful levels of direct output from existing
lasers cannot be achieved. An ideal crystal should include all the features of
transparency and phase-matching over a wide spectral range; wide angular,
temperature and spectral acceptance widths; high damage threshold, high
nonlinear coefficient; high degree of homogeneity over relatively large
volumes; and chemical and mechanical stability. Finally, crystal cost, in terms
of efficiency per dollar, should be reasonable.

Task 4. Match the words and word-combinations in the left-hand
column with their Russian equivalents:

1) take pains a) MPOCTOI B DKCIUTyaTalliu

2) user-friendly b) npunaraTte Bce ycuius

3) bit-error rate C) TTOABEPXKEHHBIN 4YeMy-JTM00

4) underlying d) moBTOpPSIEMOCTH

5) repeatability €) MoBceAHEBHAas MOBEpKa

6) a rule of thumb f) MIpUOIVKEHHBINT METOI, METO/ «HAyYHOTO ThIKa»
7) routine calibration g) JIeXKaInii B OCHOBE

8) prone to h) ko3 duIMeHT oIMO0K MO dJIeMEeHTaM

I' potassium-dihydrogen-phosphate crystal — kpucTaan nuruapodocdaTa Kaaus
2 ; : .
potassium titanyl phosphate (PTP) — kanuii-tutanun-docdar, pocdar Kanus-TutaHuIa
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Task 5. Arrange the paragraphs of the text below in a logical

order.

Taking the measure of light

1. As a rule of thumb, the accuracy of
an instrument is about ten times
greater than its repeatability. Accuracy
typically is needed for the most
demanding applications. Scheduling
routine calibration is particularly
important for accurate measurement of
optical power and energy, as these
instruments in general are more prone
to drift over time than other types.

2. In the early history of the laser, a
common method of measuring peak
power was to count the number of
razor blades through which a pulse
could burn. These units were called
“Gillettes”, and they serve to illustrate
how measuring the brightness of light,
one of the most intuitive quantities for
humans, has long been a problem for
technology.

3. The capabilities of an instrument are
specified by its resolution, repeatability,
and accuracy. Resolution or sensitivity
is the minimum quantity that can be
discerned in a measurement. The noise
present in an instrument during a
measurement is a major factor limiting
sensitivity. Repeatability quantifies how
well an instrument can make one
measurement, make a different one,
and then return to repeat the first
measurement. Accuracy is the ability of
an instrument to make a measurement
relative to an absolute standard.

4. Manufacturers of instruments that
measure power and energy have taken
pains to make them user-friendly.
Complex optoelectronic measurements
— such as bit-error rate, crosstalk ratio,
and so on — can be obtained with a
push of a button. But underlying all
such complex relationships are
fundamental measurements of energy,
power, pulse duration, and wavelength.
Understanding the physical details of
these measurements is particularly
essential at the boundaries of current
technology — for ultrafast pulses, very
high or low light levels, and very short
or long wavelengths.

Task 6. Discuss requirements to measuring instruments.
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Letters of the Greek alphabet

Appendix 1

A | anbda ['eelfa] N | "io (1n) [ni:]

o Y

B | 6era (Buta) ['bi:ta] E | xkem [ksi:]

B g

I' | ramma ['geems] O | oMuxkpoH [ou'maikran]
Y o

A | ngenbra ['deltsa] IT | nu [pi:]
3 T

E | sncwion ['epsilon] P | po [rou]
€ P

Z | nzera ['zi:to] X o | curma ['sigma]
G S

H | ora [i:ta] T | ray [tau]
n T

© | rera ['©i:ta] Y | uncuion ['ipsilon]
0 v

I iora [ai'outa] D | du [fi:]

! o

K | karma ['keepa] X | xu [hi:]
K X

A | namGna [leembdo] Y | ncum [psi:]
I8 v

M | M0 (Mn) [mi:] Q | omera ['oumega]
u ®
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Appendix 2

Vocabulary
A

a few [o'fju:] — HECKOJIBKO, HE3HAYUTEILHOE KOJIMYECTBO

a number of [o'nAmborav] — HECKOJIbKO, psij

a variety of [ova'raiotiov] — psiz, LBl psijI, pa3InuHbIC

aberration [aba're1f(e)n] — aGeppaius cBera

absolute standard [zbsa'luit 'steendod] — aTanoH, BOCHIPOM3BOASIINN E€IUHUILY
(bu3MYECKON BEIMYMHBI aGCOMIOTHBIM METOIOM | 3TallOHHBIIA

absorb [ob'zo:b] — momioiaTh, BOUTHIBATh

absorption [ob'zo:p[(a)n] — moroieHUE

absorption coefficient [ob'zo:pf(o)nkour'fif(e)nt] — KoadbdUIIMEHT TOTTONICHUS

absorption curve [ob'zo:p[(o)n'k3:v] — KpuBasi MOIIOILIEHMS

absorption spectrum [ob'zo:pf(o)n 'spektrom| — crieKTp HOMIOLLIEHUS

accelerator [ok'seloreito] — ycKopuTeib, YCKOPUTEb 3apsiXKEHHBIX YACTUILL

accept [ok'sept] — mpuHUMATh, IPU3HABATh, IOIYCKAThb, OpaTh

acceptance [ok'septons] — akcenraHc (yckopumens), IPUHITUE, IIPU3HAHUE

access ['&ekses] — gocryi; obpalleHHe || IpenoCcTaBIsITh JOCTYII, HOIYCKATh

accident rate ['eksidentreit] — koaduMeHT aBapUHHOCTH, YPOBEHb TPAaBMAaTH3-
Ma, TpaBMaTU3M

accidental exposure |[aksr'dent(o)l 1k'spouze] — ciyuaitHoe Bo3neicTBUe, ClTydaii-
HOeE O0JIy4eHue

accompanied by [o'’kamponidbai] — B couyeTaHuU €, COIPOBOXAAEMBbIii, C IOCIEAYIO-
LM

account [o'kaunt] — cuuTaTh, pacCMaTpUBATh | cueT

account for [o'’kauntfs] — 0ObSICHATH

accuracy ['ekjorasi] — TOYHOCTb, IPABUIBHOCTD

accurate ['zkjorat] — BepHbIil, IPaBWIbHBIIA, TOYHbINI; CKPYITYJIE3HbIIMA, TIATEIbHBIA

accurate measurement [akjorat 'mezomont] — TouHOe U3MepeHUe

acoustical [o'ku:stikol] — akycTruecKuii

acoustical holography [o'ku:stikal ho'lografi] — akycTrueckast ronorpadust

acousto-optic [okuistou'optik] — onTo-akycTuuecKuit

acousto-optic Q-switch [okuistou'optik'’kjurswitf]— akycToonTHUECKUT MOAYJISITOP
NOOPOTHOCTU

acousto-optic Q-switched pulse duration [oku:stou'optik'kjuiswitft palsdjua'rerf(e)n] —
IUTUTEIIBHOCTD UMITYJIBCA JIa3epa ¢ aKyCTOOIITUIECKOM MOMYJISIIIEi TOOPOTHO-
cTH
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action at a distance ['ek[onoto'distons|— Bo3aeiicTBue Ha PACCTOSIHUM, IUCTAHLIMOH-
HOe JelicTBUe

active center [aktiv'senta] — aKTUBHBIN LIEHTP

active medium [zktrv'mirdiom] — akTiBHas cpena

active region [ zktiv'riidson]| — akTBHas1 06J1acTh, NeicTBYOIIAsT 06J1aCTh

active species [aktiv'spiifizz] — akTuBHas cpena, akTUBATOP, aKTUBHASI YaCTUIIA

active volume [aktiv'voljuim| — akTUBHBIA 0OBEM, YYBCTBUTEIBHBIN 0OBEM

actually ['ektfusli] — meiicTBUTEIBLHO, B CAMOM JI€jie

actuator |['akttfuerto] — Bo30yauTeIb, IPUBO/I, COJIEHOMU,

adapt to [o'dept] — nmpucrocabanBaTh, MPUCIIOCAOIUBATHCS

adaptable [o'deptobl] — amanTUBHBIN, agalITUPYEMbIid, COBMECTUMbII

adaptable system [o,daeptobl'sistom]| — aganTupyemasi cuctemMa, ajanTUBHAsI CUCTEMa

adaptive optics [o,deptiv 'optiks] — aganTHBHasE ONTUKA, CAMOHACTpaWBAIOIIASICS
OITTHKA

add to ['2edto] — yBenMuuBaTh, yBEJIMYUBATD, CKJIAAbIBATh, O3HAYATh, UMETh CMBIC]I

add to complexity ['edtokom'pleksati] — yBenuuMBaTh CIOXKHOCTh

adequate ['2edikwot] — ageKBaTHBIA, OTBEYAIOLIMI TPEOOBAHUSIM, IIPUTOAHbII

adjust [o'dzast] — peryamupoBarh, HacTpauBaThb, YCTAHABIMBATH, IIOACTPAUBATh,
IOCTUPOBATh

advance [od'vains] — ABVIKEHME BIIEPEM, YCIIEX, IIPOrPECC, JOCTIKEHUE || IBUrAThCS
BIIepE, TIPOIBUTATHCS

advance toward [od'vainstoword] — mponBrkeHUe Briepén K

advancement [od'va:nsmont| — npoaBUKeHKUE BIIEPEN, PaCIPOCTpaHEHUE, PA3BUTHE

advantages over [od'va:ntidiiz,ouva] — NpenMyIIecTBO Tepen

affect ['aefekt] — meiicTBOBaTh Ha, CKa3bIBAThCS HA, BIMSTH, 3aTparuBaTh, BO3ACi-
CTBOBATh

afford [o'fo:d] — ObITH B COCTOSIHUM, UMETh BO3BMOXHOCTb, AaTh, IIPEICTABUTD

afforded [o'fo:did] — npenmycMoTpeHHbI

after all [a:ftor's:l] — B KOHIIe KOHIIOB, B KOHEYHOM CUETE, BCE Ke

against the background of [ogenstdo'backgraundov] — Ha doHe

air traffic control ['eotreefikkon'troul] — ympaBieHHe BO3MYLIHBIM JABUKEHUEM,
obecrnieyeHue 6€30MacHOCTU TOJETOB

air tube ['eot(j)uib] — MHEBMOIPOBOI, BO3MYXOMPOBO, BO3AYIIHAS TPyOKa

airborne contaminant ['esboinkon'teeminont| — 3arpsi3Hsiioliee BELIECTBO B aTMOC-
depe; 3arpsi3HSONIEE BEIIECTBO, IIEPEHOCUMOE TI0 BO3IYXY

airfoil ['eafo1l] — Hecylnast MOBEPXHOCTh, NPOMUIIL Kpbljia, a9pOIMHAMUYECKAS T10-
BEPXHOCTh

align [d'lain] — rocTUpOBaTh, HACTpaUBaTh, BEHIPABHUBATH, PErYJIMPOBATh

all-optical transistor ['o:loptik(a)ltreen'zista] — YMCTO-ONTUYECKUIT TPAH3UCTOD,
ITOJTHOCTBIO OTITUYECKUI TPAH3UCTOP

along with [2'lonwid] — Hapsiay ¢, OMHOBPEMEHHO C, BMECTE C

allow [o'lau] — 1103BOJISITH, AOMYCKATh, Pa3pellaTh

allow for — mpemycMarpuBaTh, HOITYCKaTh

alteration [o:lta'rerfon] — u3mMeHeHue

alternate ['o:ltonert] — yepenoBaThbCsl, YepeaoBaTh, CMEHSTH APYT Apyra

alternating current [o:ltonertin'’karant] — mepemMeHHBIN TOK

alternative to [o:1't3:notivto] — ansTepHaTHBA YeMy-JI) || aJlbTepHATUBHBIIA
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alternatively [zl't3:mnotivli] — 1 HAOGOPOT, B KaUeCTBE aJbTEPHATUBBI, WIU Ke

amorphous [o'mo:fas] — amMopdHBIA, HEKPUCTATUIMYECKUIA

amorphous solid substance [o'mo:fassolid'sabstans] — amopdHoe TBEpaoe Teso

amplification [ emplifi'’kerfon] — yBenuueHue (onTuyeckoro npudopa), ycuieHue

amplified spontaneous emission (ASFE) ['eemplifaid spon'temnios 'mifon]| — ycuieH-
Hasl CIIOHTaHHAs SMUCCUSI, YCUIIEHHOE CITOHTAaHHOE M3JIy4YeHHe

amplifier ['emplifaio] — ycunurenb, ycunureib Ha 2P@deKTe repeHoca 3J1eKTPOHOB

amplitude transmittance [emplit(j)urdtreenz'mitons] — KoahbUIIMEHT MpoITycKa-
HUS

an order of magnitude [on,0:dorav'imaegnit(j)uid] — MOpsITIOK BETUIUHBI

analyzer [e&n(s)'laizo] — aHaaM3aTop, OIUCIIEPCUOHHAS IIpU3Ma

anisotropic [9,naisa'tropik| — aHU3OTPOITHBIN, UMEIOIIUI pa3Hble (U3NUECKHEe Xa-
PAKTEePUCTUKU

angle ['engl] — yron

angle of incidence [anglov'insidons| — yron nmageHust (céema, 60aHbL)

angle of rotation [ englovra'terf(a)n] — yros moBopora, yrojs moBopora

angular ['engjuls] — yrmoBoit

angular alignment [ zngjulora’lainmeant]| — yrioBoe BbIpaBHUBaHUE

angular distribution [‘engjulodistrrbjuifon] — ymioBoe pacmnpeneneHue, yrioBoe
pacripenencHmue (OTO3JIEKTPOHOB

antisolar point — aHTHCOJIHEYHas TOYKa

apart [o'pa:t] — Ha paccTOSIHUM

apart from [o'pa:t,from] — He ToBOpPS (yke) 0, KpoMe, He cUUTast

aperture ['&potjus] — aneprypa

appear [o'p1o] — HOSIBJISITbCS, BO3HUKATD; Ka3aThCsl, BBILISIIETh

applicability [opliko'biliti] — MpUMEeHUMOCTb, TPUTOTHOCTh; 06JIACTb MPUMEHEHUS

applications [epli'keifonz] — MeTonbl MpUMeHEHMSs, 00IaCTU TIPUMEHEHUSI, MpaK-
TUYECKOE TIPUMEHEHNE

apply [o'plai] — npuMeHSITh; IPUKJIAALIBATh, HAHOCUTD

appreciable [o'priifobl] — 3aMeTHBII, OLIYTHUMbIIA, 3HAYUTEIbHbBII; M3MEPSIEMBbIii,
HaOII0IaeMBII

approach [o'proutf/] — moaxoxa, meTon, croco6

approach a problem (a challenge) [o'proutf o 'problom| (['tfeelindz]) — paccmarpu-
BaTh BOIIPOC (CIIOXKHYIO 3a1ady), MOTOUTU K paCCMOTPEHUIO 3aIa4n

appropriate [o'proupriot] — HaaIeXalluii, COOTBETCTBYIOLLIMIA

appropriate to the task [o'proupriat to 0d'taisk] — orBevarolnii 3agadye, COOTBET-
CTBYIOLLIMH 3a1aye

approximate [o'proksimot] — npuGIMKEHHBIIA, IPUOIU3UTEIbHBIA, OPUEHTUPOBOY-
HBIN

arbitrary ['a:bitrori] — IpoU3BOJIbHLIA, IIPOU3BOJBHO BbIOPAHHBIMI

arc discharge [,a:k dis'tfa:d3] — nyrosoii paspsia

arc lamp ['a:klemp] — gyroBast jiamiia, AyroBasi 2J€KTpOJiaMIia

arc-lamp pumping [‘a:kleemp'pampin| — Hakayka JyroBOM JaMITOM

archival recording [a:'kaival ri’ko:din| — donmoBas 3anuch

arise from [o'raiz from] — nmpoucxoaUTh, IPOUCTEKATh, BOBHUKATh B PE3y/IbTaTe

as a matter of course — Kak HEYTO caMO COOOI pasymerolleecs], eCTECTBEHHO

as a practical matter — Ha TpakTuKe
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as compared to [ozkom'peadta] — o cpaBHEHUIO C

as evidenced by [oz'evidonstbai] — 4TO HOATBEPKAEHO, O YEM CBUIAETEILCTBYET, YTO
SIBCTBYCT M3

as follows [oz'folouz] — caemyromum 06pa3oM, Kak yKa3aHO HIKE

as well as [oz'weloz] — Tak Xe Kak, a Tak Xe, paBHO KaK 1

assume [o's(j)uim| — mpeamnonarath, JOMYCKATh

assumption [o'sampfon] — npennojoxeHue, JOMYILIEHME

at least [ot'lizst] — mo kpaiiHeil Mepe, KaK MUHUMYM, 10 MEHbIIIEH Mepe

at length [st'len0] — mogpoGHO

at most [ot'moust] — camoe OoJjbliee, IO OOJbIIE YACTH, [IABHBIM 0OOpa3om

at rest [ot'rest] — B COCTOSIHMU MOKOSI, HAXOASIIUIACSI B COCTOSIHUM TTOKOSI

at room temperature [otruim'temparatfo] — MpyM KOMHATHOM TeMreparype, Npu
OOBIYHOIT TeMIIepaType

atmospheric disturbance [ztmos'ferikdi'stsib(e)ns] — arMochepHoe Bo3MyIIeHNME,
aTMocdepHBIe TTOMEXU

atomic theory [otomik'Oror1] — aTomucTUdeckasi Teopusi, aToMU4YecKasi TeOpus,
aTOMUCTHUKA

attain [o'tein] — mocturarh, OOMBATLCS; IPUOOPETATh (Hanp., ceolicmea)

attenuate [o'tenjurt] — ocnabisTh, ocjiabeBaTh, 3aTyXaTh

attenuation [otenju'erf(o)n|] — ocnabiieHue, 3aTyxaHue (cueHasa)

auxiliary [o:g'ziliori] — BropocTeneHHbII, TOMYMHEHHBIIA, BCIIOMOTaTe/IbHbIIA

available [o'veilobl] — mOCTYIHBINM, UMEIOIIMIICS, UMEIOLLIMUICS B HATUYUU, UMEIO-
IIMICS B paCOOPSDKEHUM, HAJIMIHBIA

average power [ev(2)rid3 'paus] — cpeaHsisi MOIIIHOCTh

axis ['eksis] (pl) axes ['eeksiiz]) — ocb

B

b. (born) — poausiUiics

back and forth [bakon(d)'fo:0] — B3am u Bnepén, Tyna u cloga, B Ty U B IPYTyiO
CTOPOHY

backward-traveling wave ['baekwad treev(o)lip'werv] — odparHast (pacnpocTpaHso-
masicst, oykaaroniasi) 6eryiiasi BojaHa

ballpark ['bo:lpa:k] — cepa BiusiHust, 06aaCTh AEHCTBUS || TPUOIMKEHHBIIA,
NPUOIU3UTENbHBIN, TPUMEPHbII;
be in the (right) ballpark — ObITH TPUOIUZUTETHLHO BEPHBIM

band [baend] — nonoca, 30Ha (ypoewneil 3Hepeun), moaoca CrieKTpa

band-to-band absorption [bandto'baendab'zoipf(a)n] — Mexk30HHOE TIOIIOIIEHUE,
MOIIONIEHKE MPU ONTUYECKUX Mepexoaax 30Ha — 30Ha

band-to-band transition [bandto'baend tren'zif(e)n] — nepexon ¢ ypoBHs Ha ypo-
BEHb, MEXIY30HHbBII SHEPreTUUECKUI Mepexon, MeX30HHbIN nepexon

bandgap ['beendgep| — 3amnpelieHHas 30Ha, IUPUHA 3aIIPEIIEHHO 30HbI

bandgap semiconductor ['bzndgaepsemikon'dakto] — moaynpoBOIHUK C 3ampe-
LIIEHHOU 30HOU

bandwidth ['beendwidO]] — mmpuHa 3HepPreTMYECKOM 30HBI

barium borate [ beartom'borreit] — 6oparta 6apusi, GOPHOKHUCIIBII Oapuii

be around [bi: o'raund] — OBITH NOIYJISIPHBIM, OBITH U3BECTHBIM
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be due to [bir'djuita] — OBITH OOYCIIOBJICHHBIM, SIBJISITbCSI PE3YJbTaTOM, OOBSIC-
HATBCS

be exposed to [ biik'spauzdta] — moaBepraTbcsi BO3nEMCTBUIO

be familiar with [ bi:fa'miliowid] — xopoiiio 3HaTh, GBITH 3HAKOMBIM C

be responsible for [ bi:rr'sponsablfa] — OGbITH IPUUYMHOI YeT0-11M60, BBI3bIBAThH

be survived by [ bi:sa'varvdbail] — octaBuTh nocie ce6st

beam [biim] — ny4, ny4yok Jyyeit

beam divergence [bi:mdar'va:dsons| — pacxoxnaeHue my4ka, pacCXOmMMOCTh ITydKa,
VIIUpEHUE Tyda

beam power [ bi:m'paus] — MOIIHOCTb 3JEKTPOHHOTO Ty4YKa, MOLTHOCTb My4YKa

beam quality [,bizm'kwoloti] — KauecTBO MydYka, CTpyKTypa Imydyka

because of [br'kozov] — BcaencTBue, U3-3a, B pe3yJbTaTe, 110 IPUYMHE

become available [bikam a'veilabl] — MosiBASITBCST; 0CBOOOXAATHCS, OBITH MOJTYYCH-
HBIM (Hanp. 0 OGHHbIX)

bell-shaped ['belfeipt] — BOpOHKOOOpa3HbIi, KOJOKOJIOOOPa3HbIit

bend (bent — bent) around obstacles ['bendoraund 'obstoklz] — oru6ath npensiT-
CTBUS

benefit from ['benifitfrom| — n3B/IeKaTh BBIrOAY M3, BLIMIPHIBAThH OT, U3BJIEKATH BbI-
Tomy

benign [br'nain] — HeomacHbIi, c1a00r0 AECTBUSI, HE BPEIOHOCHbBII, HEBPEIHBII,
JT0OpPOKAYEeCTBCHHBII

bewilder [br'wilds] — cMyiiaTh, CTaBUTh B TYMUK, COMBATb C TOJIKY, IIPUBOAUTH B
3aMelIaTeIbCTBO

bewildering [br'wildorin] — cOuBaoLIKiA C TOJIKY, IPUBOMSIIMI B 3aMELLIATEIbLCTBO

beyond [bijond] — 3a npenesamu, BHE 4ero-aubo

bias ['baros] — cMellleHMe, OTKIOHEHUE YKIIOH | CMEILATh

bind [baind] (bound — bound) — cBSI3bIBaTh, IPUBSI3BIBATH

biological analysis [ barou'lodsik(a)la'naelosis| — GuoOTOTUYECKUIT aHATU3

birefringence [bairr'frindzens| — nByaydenpenomiaeHue

birefringent crystal [ bairi'frindzent 'krist(a)l] — KpucTal ¢ ABOMHBIM JydenpeoM-
JICHWEM, IBYJIYYEIIPEIOMIISTIOIINY KPUCTAJLT

bisect [bai'sekt] — meauTh mormosiam, pa3pe3aThb

bistable device [baisteibl di'vais] — 6ucTabMIBHBIN TPUGOP

bit-error rate — BeposSITHOCTb OLLIMOKY B ABOMYHOM paspsijie, Koo @ULUUEeHT OIHO-
OMTOBBIX OLIMOOK

bit-error rate test — nmpoBepKa JOCTOBEPHOCTU (co0OUieHUil) TIO YACTOTe OUTOBBIX
orboK

bizarre [br'za:] — cTpaHHBIA, IPUYYIIUBBIA

bleaching ['bli:t/in] — or6enuBanue, obecBeYnBaHKe || OTOENIMBAIOLIUI, OGECIBE-
YUBAIOLIMI

blindness ['blain(d)nas] — cienora

blurred boundaries [bl3:d 'baund(e)riz] — pacruibiBUaThie (HEsICHbIE) TPAHUIIBI
(ouepTaHus)

boost [bu:st] — moBeIIeHUE, TIONBEM (Hanp. dasaeHus, HanpPsXNCceHUsl); YyCUIeHue;
106aBOYHOE HAMPSDKEHME; MOIBEM YAaCTOTHOI XapaKTEPUCTUKU || MOBBIILIATH
(Hanp. Oaenenue, Hanpsiicerue);, yCUINBaTh, (DOPCUPOBAThH; MOTHUMATH Ya-
CTOTHYIO XapaKTePUCTUKY
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bore sighting (harmonization) ['boisartin] (| harmanarzeif(a)n]) — ycraHoBka Ha-
TpaBJIcHUs, IOCTUPOBKA

borosilicate [bo:rau'silikit, - kert] — Gopocuimkar

bound electrons [baundr'lektronz] — cBsi3aHHBIE JIEKTPOHBI

boundary [baundori] — rpanuia, npenen, JUHUS pasieia || [paHUYHBIA, IIOrpa-
HUYHBINA

break down into ['breik'dauninto] — packiaabiBaTh Ha (cocmaeasoujue)

break into categories ['breikinto'’keetog(o)riz] — pasmesissTh Ha KaTeroOpuu

breakthrough ['breikOru:] — kpynHoe HaydHOe (TEXHMYECKOE) AOCTUKEHUE, IIPO-
PHIB (8 Hayke)

Brewster angle |'bru:stor'engl| (Brewster’s angle) — yron bproocrtepa, yroi nojHoi
TOJISIpU3ALTN N

brief review [ bri:frr'vju:] — kpatkuii 0630p

bright star ['braitsta:] — spkast 3Be3na

brightness ['braitnos] — spKocTb, OCBELIEHHOCTD

Brilluin zone — 3oHa bpustosHa

bring about ['brina'baut] — ocyliecTBISATD, BBI3bIBATh, BJIeYb 3a COO0I, IPUBOAUTDL K

bring to life — BOIIOTUTE B XXU3HB, BHISIBISATH, 0OHAPYKUTH, PACKPHITh

bring to light — oGHapyXuTb, BLISIBUTb, BbISICHUTb, PACKPBITh

broadband measurements ['bro:dbeend'mezomonts] — IIMPOKOIOJIOCHBIE M3MeEpPE-
HUS

broadband pump [ bro:dbaend'pamp]| — mmpokoronocHas Hakauyka

broadcast ['bro:dka:st] — TpaHCIALMA, TEJIEBU3MOHHOE BELIaHUE | MepenaBaTh IO
TeJICBUACHUIO, TPAHCIUPOBATH

broaden ['bro:dn]| — paciupsTh, pacIIKPSATHC

brown dwarf [ braun 'dwo:f] — KOpUYHEBBII1 KapiauK

build up ['bild'Ap] — mocTeneHHO co3gaBaTh, HapallUBaTh, HAKOILISITh

build up an image ['bild'Apon'imidi] — co3gaBaTh u3o0OpaxeHue, GopMUPOBAThH
u3oo0paxkeHue

build up oscillations ['bild'Apost'leif(s)nz] — packaunBaTh KojieGaHUS

bulk damage [ balk 'demid3] — paspyimenue (kpucmania), o6bEMHOE pa3pylicHue,
00BEMHOE TTIOBPEXKICHUE

burn [b3:n] (burnt—burnt; burned—burned) — BbIKUTaHUE, OXKOT, IPOKUTAHUE || BBI-
JKUTaTh

burst [b3:ist] — umnynbc, BCruiecK (#34yuenust), mauka UMITYJIbCOB

by a factor of ten — B mecsaThb pa3, Ha TTOPSIIOK

by extension [bar ik'stenf(9)n] — B pacIIMpPUTEILHOM CMbIC/IE, COOTBETCTBEHHO

by means of — mmocpencTBoM, ¢ TOMOIIBIO

C

ca. (circa) ['s3:ko] — mpuMepHO

CA (California) — wrat KanugopHus

CATYV (cable television) — xabelnbHOE TeIeBUICHUE

cable ['keibl] — Kabenb, MPOBOL

calculus ['keelkjulos] — vcuuciaenue, nuddepeHIIMaTbHOEe U MHTErpaJIbHOE MCUYNC-
JIeHUe
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calibrated ['keelibrertid] — rpamyupoBaHHbBIA, KaTMOPOBAHHbII

calipers ['keelipoz] — TonUMHOMEDP, KPOHLUUPKY/Ib, IITAHTEHIUPKYJ/Ib

cancel ['keens(o)l] — yHUYTOXATh, CBOAUTH HA HET, ITOAABJISATH

candela (candelae) (Cd) [ken'dels, -'dizlo] — cBeua, kangena (ko) (edurnuya cuavi
ceema)

candidate [keendidot] —  kaHmupmat, (BO3MOXHBI)  BapuaHT  (Hanp.
peutenust)

capabilities [ kerpa'bilotiz] — BO3MOXHOCTH, XapaKTepUCTUKU

capability [keipa'biloti] — cmocoGHOCTh; MOITHOCTb, TTPOU3BOAUTEIIBHOCTD; COOT-
BETCTBUC (XapaKmepucmux mexHu4ecKum mpeoo8aHusim)

capacitance [ko'peesit(o)ns] — EMKOCTHOE COMPOTUBIEHKE, EMKOCTh KOHIEHCATOPA,
KOHJIeHCAaTOpHAasI EMKOCTb

capacity [ko'pasoti] — MOIIIHOCTb, EMKOCTb, CIIOCOOHOCTh, BO3MOXHOCTb, IIPOIYCK-
Has CITOCOOHOCTbH, 00bEM, TPOMU3BOOUTEILHOCTD, IIPOM3BOACTBEHHAS MOIITHOCTD

capsule ['keepsju:l] — kamncyna

carbon-dioxide laser [ka:b(o)n dar'oksaidleizo] — masep Ha muokcujae yriepona,
JTazep Ha IByoKucH yriaepomna, CO,-masep

carrier ['keerio] — HocUTeb 3apsina, SJEKTPOH IIPOBOAUMOCTH

carry out ['kerr'aut] — BBIITOJIHSTD, IIPOBOAUTDH B KU3Hb, OCYIIECTBIISAThH

carry out research |['kerraut ri's3:tf] — mpoBonuTh HayYHbIE UCCIEIOBAHUS

cast (cast—cast) [ka:st] — omiMBKa, IUThE || IpugaBaTh HOPMY; pasIMBaTh, OTIUBAThH
| muToii, oTMThII

cast a shadow [ ka:sto'feedou] — orGpackiBaTh TeHb

casually ['keezjusli] — MMMOXOIOM, IIOMYTHO, CIIy4ailHO; HEOPEXKHO, HEIpeaHaMe-
PEHHO

cause problems [ ko:z 'problomz| — co3naBaTh MpoGIeMbI

cautiously ['ko:fasli] — 0cTOPOXHO, C MPEAOCTOPOKHOCTSIMU, TIATEIHLHO

cavity ['keevati] — pe3oHaTOp, IOJIOCTD

cavity dumping |['keevotidampin]| — 3aryxaroiiye KojsieGaHUsI, MOTYJISIIASI 1OOPOT-
HOCTH (C8S3AHHBIX PE30HAMOPOE)

cell [sel] — gueiika

chelate laser ['ki:lertleizo] — na3zep Ha xemarax

challenge ['tffelindz] — ciaoxHas 3amada, mpodaeMa

challenging ['tfeelindsin] — ca0XHBIA, TPeOYIOIINIT HAIPSIKEHUST (Ccus1), UCIIBIThIBA-
oInit (cnocobrocmu, cmouKocms)

channel ['tfzen(o)l] — KaHan

checkerboard pattern ['tfekobo:dpaet(o)n| — maxmaTHasi KOHGUTYpaIusi, HaCTPO-
eyHas Tabauia

chemical reaction [ kemik(a)l ri'aek[(a)n] — xumMudeckasi peakiust

chemically stable [ kemik(a)lr 'steibl] — xXuMuyecKr CTOMKUN, XUMUYECKU CTAOWITb-
HBIN

chop [tfop] — m3MeHATBCS, TIPEpPHIBaTh

chopped [tfopt] — TIpepBIBUCTHI

chromium (Cr) ['kroumiom| — xpoMm

circular polarization ['s3:kjolo,poul(a)rarzeif(a)n] — KpyroBast oyJsipu3aiiust

clarification [ kleerifi'’kerf(e)n| — pa3bsicHeHUe, YTOUHEHUE, TTOSICHEHUE

clarifier ['kleerifars] — ocBeT/IMTENb, OCBETISAIONIEE CPEACTBO; OTCTOMHUK
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clarity ['kleeriti] — sICHOCTb, IPO3PaYHOCTh, IOHITHOCTh

classical approach [ kleesik(o)l o'prout/] — Kaccuyeckuii MmeTon

cleavage ['kli:vids] — pacluemieHre, pacxoxaeHue, pa3ioxkeHue

clock frequency [klok 'fritkwonsi] — TakToBast YacToTa, yacToTa CUHXPOHU3AIINH,
YaCcTOTa TAaKTOBBIX UMITYIECOB

closely woven material ['klousliwouv(e)n ma'tiorial] — rmIoTHas TKaHb

closure rate ['klouzsreit] — cKOpOCTb CONVKEHUST

coated surface [ koutid 's3:fis] — MOBepXHOCTb ¢ HAHECEHHBIM TTOKPBITUEM

coating failure [ koutin 'ferljo] — moBpekaeHe MOKPBITUS

coefficient [ kour'fif(e)nt] — koadduimenT, mokazareirb

coercive voltage [kou:siv 'voultids] — KOSpIIMUTUBHAST CUJIa CETHETORIEKTPUKA

coherence [kou'hror(a)ns| — KOrepeHTHOCTD

coherence length [kouhior(a)ns'len®] — mimHa KorepeHTHOCTH

coherent emission [kou hior(a)nt 'mif(s)n| — KOrepeHTHOE UBJTyYeHHE

coherent light [kouhior(e)nt'larit] — KkorepeHTHOE U3JTyYeHHE

coherent light source [kou hior(a)nt'lart,sois| — UCTOYHMK KOTepEeHTHOTO CBETa

coherently [kou'hior(a)ntli] — KorepeHTHO

coil [ko1l] — kaTymKa, BUTOK, CITMpalib, 3MEEBUK, OOMOTKA

coincide with [ koumn'saidwid] — coBmanath ¢

coincident [kou'insid(o)nt] — coBIagamooNInii, COBMELIEHHbII, COOTBETCTBYIOIINIA

collect samples [ko'lekt 'saimplz] — or6upath IIpoOkl, OpaTh MPOOLI

collimated beam ['kolrmertid'biim| — KoJUIMMUPOBAHHBIN TTy4OK, KOJJIMMUPOBAH-
HBII J1y4

colloidal silver [ks loid(9)l 'silva] — cTtupos, KoutonaHoe cepeGpo

color center ['kalosenta] — IEeHTp OKpacKu, [IBETOBOM LIEHTP, LIEHTP OKpaIlBaHUS

color center laser ['kalosents 'leizo] — asep ¢ oKpalleHHBIMU IICHTPaMU, Jia3ep Ha
HeHTpaxX OKPacKu’

comb [koum] — rpebeHKa, TpebecHUaTasI CTPYKTypa

come from — OBITH pe3yIBETaTOM

come up with — pemIoXuTh, MpPUAYMaTh

commercial applications [ko'msif(o)leplikerf(a)nz] — KomMmepueckoe MpUMeHe-
HUE, TIPOMBIIIIICHHOS TPpUMEHEHHUE

commercialize [ko'ms:f(9)laiz] — KOMMepUMAIM3UPOBATh, W3BJIEKATb IPUOBLIL;
OCYIICCTBIISITh IIPOMBININICHHOE BHEIPEHNE

commercially available [koms3:[(a)li a'veilabl] — umeromuiicss B mpomaxke, MMero-
LIMICS Ha PBIHKE

common ['komon] — oO1IMIii; OOBIYHBII, OOBIKHOBEHHBIIA

common source | koman'sois] — o6t UICTOYHUK

commonsense — [ komon'sens] 3npaBblil cMbICH || ['komaonsens] oTBedaronIuii 3apa-
BOMY CMEBICITY

communication [komjuinr'kerf(a)n] — cBsi3b, cOOOIICHNE, KOMMYHUKAIIHS

communication system [komjuini’keif(a)n 'sistom| — cucreMa cBsI3U

compared with [kom'peadwid] — 110 cpaBHEHUIO C

complementary [ kompli'ment(a)r1] — B3auMOAOTIOTHSIIOIINMI, JOTIOJTHUTETbHBIIA

complementary metal oxide semiconductor (CMOS) | komplrment(a)rr met(a)l
'oksard,semikan'dakta] — KoMIUIeMEHTAapHBIA METaIO-OKCUIHBIN TTOJIYITPOBO-
nmHuK, KMOII-texHomnorus
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complex ['kompleks] — komruiekc || ['kompleks]/[kom'pleks] KOMIUIEKCHBIiA, CIOXK-
HBIN

component wave [kom,paunant'werv] — cocTasJsifolasi BoJHa

compose [kom'pauz] — cocraBisiTh, KOMIIOHOBaTh, (P OPMHUPOBATH

composition [ kompa'zif(a)n] — cocTaB, KOMITOHOBKA, COCTABHbIE YaCTH, CMECh, XU~
MUYECKUI COCTaB

comprise [kom'praiz] — BKJIIOUaTh, 3aKJII04aTh B cebe, CoaepXKaTh

concave [kon'kerv]/['konkerv] — BOrHyTasi HOBEpXHOCTb, BOIHYyTasl JIMH3a || 06pa3o-
BBIBaTh BOTHYTYIO [TOBEPXHOCTD, YIIYOIATH || BOTHYTHIiA, CchepryecKuin

concave grating [ konkerv'greitin] — BorHyTast nudpakiuMoHHas peréTka

concave mirror | konkerv'mira] — BorHyToe 3epKajo

concerning [kon's3:nin] — OTHOCUTEIBHO, B OTHOILLIEHUHN

conduction [kon'dakf(s)n] — mpoBOAMMOCTb, KOHBEKTUBHBIN TEIIOOOMEH

conduction band [kon,dakf(s)n'beend] — 30Ha mpoBOAMMOCTH, BJIEKTpUYECKAsh 30HA
MIPOBOIUMOCTH

conductivity [kondak'tivati] — a21eKTpONpPOBOAHOCTh, YAedbHAasl 3JeKTpUYecKast
TIPOBOIUMOCTh

configuration [kon figju'rerf(a)n] — KOMMoHOBKa, KOH(PUTYpPUPOBaAHKE

confine [kon'fain] — rpaHuua, penei, OrpaHUYEHKE || OrpaHUYMBATh, 3aK/IIOYATh

confined volume [konfaind 'voljuim| — 3aMKHyTBIIi 0OBEM, 3aMKHYTOE MPOCTPAH-
CTBO

confinement [kon'fainmont] — orpaHuyeHue; JTOKAIU3ALUS; yICPXKAHUE; TEPMETU-
3aIusT; OrpaxkKacHNe TaHHBIX

confocal laser cavity [kon,fauk(o)l 'le1zo kaevati] — KoH(bOKaIbHBIN JTa3epHBIN pe30-
HaTop

consequence ['’konsikwons| — mocieacTBue, CleACTBUE, BbIBOI, 3HAYECHUE

consequences ['konsikwonsiz] — nocieacTBus

conservation [ konsa'velf(a)n] — coxpaHeHue, oxpaHa, KOHCepBallUsl, XpaHEeHHE

conserve momentum [kon's3:v ma'mentom] — COXpaHsSITh KOJIUYECTBO ABMKEHUSI

conserved momentum [kons3ivd ma'mentom| — coXpaHSIOIIUICS UMITYJIbC

consideration [kongside'relln] — paccMoTpeHMe, aHaJIU3, IPUHSITUE BO BHUMAaHMUE;
coobOpazkeHHre; 00CyKIeHNe, PACCMOTPEHME

consistent [kon'sist(a)nt] — mocieqoBaTeabHbIA, COMIACYIOLIMUICS, HEIPOTUBOPEUM-
BbIlA, COBMECTUMBII

conspicuous [kon'spikjuss] — BMOHBIA, 3aMETHBINA, OYE€BUIOHbIN, ITPUBIEKAIOLINI
BHUMaHNE

conspire [kon'spaio] — 00beAUHSATh YCUINSI, CTOBAPUBATHCS, NEICTBOBATh COOOILLA

constrain [kon'strein] — caep:XuBaTh, CBS3bIBATh, OrPAHUYNBATH

constraint [kon'streint] — orpaHryeHue, OrpaHMYUBAIOLIEE YCIOBUE; ||
with a minimum of constraints — ¢ MUHUMAaJbHBIMU OTPAHUYEHUSIMU

consume [kon'sjuim] — noTpebJIsITh, pACXOO0BaTh, MOMIOLIATH

consumption [kon'sam(p)f(a)n] — noTpebiieHKe, MOMIOLLIEHNE, PACXONOBAHUE

contaminant [kon'teeminont] — 3arps3Hsiollee BeIIECTBO, IMPUMECh, 3arps3HU-
Tellb

contaminants [kon'teeminonts] — 3arps3HsIOLIME IPUMECH

continued [kon'tinju:d] — MpoAOJIKAIOIIMIACS, IPONOKEHHBIN, HEIPEPbIBHLIA

continuous wave [kon'tinjussweiv] — HerpepbIBHOE M3TyYeHe KadyaHue
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continuous-wave power [kon'tinjussweiv 'paus] — MOIIHOCTb HEMPEPbIBHOTO W3-
JIy9eHUS

continuously operating laser [kon'tinjuasliopareitin'leize] — y1azep HenmpepbIBHOTO
U3IIydeHUS; JIa3ep, TCHEPUPYIOIINiA B HEIIPEPHIBHOM PEKMMeE

contradict [ kontra'dikt] — mpoTuBOpeYnTH, OMpPOBEPraTh

contrary to popular belief ['kontr(a)rr to,popjals br'li:f] — Bonpeku pacxoxkemy MHe-
HUIO

control system [kon'traulsistom]| — cuctema KOHTpPOJISI, CUCTeMa PeryJaupoBaHus,
cHucTeMa YIIpaBJICHUS

convection [kon'vekf(a)n] — KoHBeKIMsI

convective flow [konyvek[(a)n'flou] — KOHBEKTUBHBII TTOTOK

conveniently [kon'vi:niontli] — ynoGHO; Jierko, mmpocro, 6e3 Tpyaa

conventional [kon'ven/n(9)l] — OOBIYHBII, TPAAULMOHHBIN, IPUHSTHIA

converge [kon'v3idz] — cOmmkaThCsl, CyKaTbCst

convergence [kon'v3:dz(o)ns|] — cxoxkaeHHe B OOHOI TOYKE, CXOXKIEHME, COIMXKe-
HUE, KOHBEPIeHIIS

convergent [kon'va:d3(o)nt] — cxonsiuiicst B OMHOM TOYKe, COOMPAIOIINIA

converging lens [konyv3s:&ip'lenz] — cxonsiasicst TMH3a, coOuparoliasi JMH3a, Mo-
JIOKUTENIbHAS JINH3a

conversely [kon'v3:sli] — HA060POT, 1 HAOOOPOT, B IPOTUBOIIOIOXKHOCTh YeMY-JIU0O0

conversion efficiency [kon'v3if(a)n r'fif(e)nsi] — acpdexkTnBHOCTD TPe0OGPa3OBaHUS
YACTOTHI (1A3EePHO20 U3AYUEHUsT)

conversion process [kon'vs:f(o)n'prouses] — mpouecc rpeodpazoBaHusI

convincing [kon'vinsin| — yoeauTe/IbHbINM, BECKUIA

cool [ku:l] — npoxiamHbIiA, XOJOOHBIA | OXJIAaXKOATHCS, OXJIAXIATb, OCTHIBATH

cooling fluid [ ku:lin'fluird] — oxsaxkaarorast XMIKOCTh

cooperative target [kouop(e)rativ'ta:git] — B3anMoaeicTByIoIast 1e)b, 1eJb C OT-
BETYMKOM

core |[ko:] — ocTtoB (Hanp., uona), xuna, akTUBHAsSI 30HA (s2depHO20 peakmopa),
KepH, KOp, CepAEeYHUK, CepalicBUHA (Hanp., 6010KOHHO20 C8emo8ooa), siupo

corner cube ['’komnokjuib] — yroakoBslit oTpaxkaTesib

corpuscular theory of light [ko:'paskjoloOrart av'lait] — kopmyckynasipHasi Teopust
cBeTa

correlation [ kora'lerf(a)n] — KoppesiLins, COOTHOIIEHKE, B3aUMOCBSI3b, B3aMMOOT-
HOIIICHUE

correspond [ korr'spond] — cooTBeTCTBOBaTh, COITACOBBIBATHLCSI

correspond to [ korr'spondta] — cOOTBETCTBOBATH C, COMIACOBBIBATHCS C

correspondence principle [ korr'spondans 'prinsapl] — NpUHIIMIT COOTBETCTBUSI

correspondingly [ korr'spondipli] — cooTBeTCTBEHHO, COOTBETCTBYIOIINM 0Opa3oM

cost model ['kostmod(a)l] — Moznenb 3aTpaT

cost of ownership [ kostav'aunafip] — cTOMMOCTb BiIaJieHUSI, CTOUMOCTb TTOKYITKU U
AKCILTyaTallny

couple ['kapl] — mapa, mapa cui || 06pa3oBbIBaTh MMapy, OOBEAUHATH(CSA) B IIapy; CO-
eMUHSTD, CLHEIUISITh

coupler ['kaplo] — BBIXOOHOI 2JIEMEHT CBSI3U

coupling ['kaplin] — B3auMoaeiicTBUE, COEAUHEHUE, CBSI3b (Mexucoy s1emMeHmamu 6
91eKMpPOHUKe, 8 amome), CTIapuBaHNe
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cover ['kava] — KpBIIIKA, [TOKPBITHE || TOKPBIBATH, OXBATHIBATD

cover a wide domain ['kavorsward dou'mein| — oxBaTbIBaTh MIMPOKYIO 0OJIACTH

cps (cycle per second) — repu (1)

crest [krest] — rpeGeHb BOJIHBI

criterion (pl) criteria) [krar'tiorton] ([krar'tiorio]) — Kpurepuii, Ipu3HaK, Mepa OLIEHKH!

cross section [ kros 'sekf(9)n] — momnepeuyHoe ceueHue

cross talk (crosstalk) |'krosto:k] — B3auMHBIC TTOMEXH, TTIEPEKPECTHBIC TTOMEXH

cryogen ['krarod3on]| — KpHOreHHOE BEILECTBO

cryogenic fluid [ kraro'dzenik 'flunid] — kproreHHast JKUIKOCTh

crystalline lattice [ krist(e)lain'laetis|] — KpucrauMueckast peméTka

crystalline material [krist(o)lain mo'tiorial] — KpucTayIMyecKuii MaTepuall, Kpu-
CTAJUIMICCKOE BEIIECTBO

curiously enough [ kjuariaslt 1'"naf] — m06GOMBITHO, KaK HA CTPAHHO

current ['kar(o)nt] — (a2exmpuueckuii) TOK, ITOTOK, TeYEHUE || TOKOBBIIA; TEKYILIMIA,
MPOTEKAIOIINIA; NEUCTBYIOIINI

currently ['kar(o)ntli] — Ha maHHbBIII MOMEHT, B HACTOSIILIEE BpEMSI

curve [k3:v] — KpuBast, KpuBast TUHUS

customary |['kastom(a)ri] — OOBIYHBIIA, CAOXMUBLINIACS;
it is customary to distinguish — TpagUIIMOHHO Pa3TNYaAIOT

cutting edge [ katip'ed3] — caMblii COBpeMEHHBII, IIEPENOBOI || MepenHuii Kpait

cw (continuous wave) — HETIpepPbIBHOE U3TyUYCHNE, BRIXOOHAS MOIITHOCTD

cw oscillator — reHepaTop He3aTyxalOMIMX KoJIeOaHMit

CW power output — BEIXOASIIAs MOITHOCTb HETIPEePBIBHOM IJIMHBI BOJIHEI

D

damage ['demids] — noBpexneHue, nedekr, pa3pylieHue

damage threshold [demidiz'Oref(h)ould] — npenen moBpexkaeHMs, JiydeBasi CTOM-
KOCTb, IIOPOT JIy4E€BOMU CTOMKOCTU

darkening ['da:k(a)nin] — moreMHeHUe (IMY1bCUOHHOCO CA051); BODOHEHUE, YEPHE-
HUE; HACBILLIEHHOCTh (KpacKu)

data highway system ['derto'harwersistom] — cucrema Iiepegadyu JaHHBIX, Maru-
CTpasib JaHHBIX

data integrity['derto in'tegroti] — JOCTOBEpPHOCTH AAaHHBIX, LEJIOCTHOCTb AAHHBIX,
COXPAHHOCTb JAHHBIX

data path [dertopa:®] — xaHan mepemayum JaHHBIX, MH(MOPMAIIMOHHBINA KaHaJ

data rate ['dertorert] — ckopocTh 06pabOTKM JaHHBIX, CKOPOCTh Iepeaayr JaHHbIX

data transmission system [deito treenz'mif(a)ngsistom| — cucrema mepenayd naH-

HBIX
dB (decibel) ['desibel] — neunten (nb)
dBm (decibels per milliwatf) — neuuOelsn Ha MWIMBATT, (10eapu@muueckas

eOUHUYA UBMEPEHUsI MOUWHOCMU CUSHAAA NO OomHoueHuo Kk 1 muiiueammy)
dc (direct current) discharge [dis'tfa:d3] — Hakayka pa3psiIoM ITOCTOSTHHOTO TOKa
DC voltage — HanpsixkeHUE TTOCTOSIHHOTO TOKa
deal with ['di:lwi0] — uMmeTh neio ¢, paccMaTpuBaTh
decay [dr'ker] — cman, 3aTyxaHue, ociabiieHue | criafgarhb, 3aTyXaTh, OCIAA0IATHCS
decay time [dr'kertarm| — BpemsI cItaza UMIIYJIbCa, BpeMsI 3aTyXaHUsI
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decibel (dB) ['desibel] — menmbGen (nb) (cmandapmmnas edunuuya uzmepenus
OMHOCUMENbHOU MOUWHOCIU UAU AMAAUMYObL CUSHANAA)

dedicate ['dedikert| — mocBsIIaTh, OTKPBIBATE (8 MOPIHCECMBEHHOI 00CMAaHOBKE)

dedicatee [ dedika'tiz] — MU0, KOTOPOMY YTO-JI., TIOCBSIIIEHO

dedication [dedrkerf(e)n] — TOCBsIIIIEHUWE; TIPUBEPKEHHOCTh, TPEIAHHOCTD
(KOoMy-JI., 9eMy-JI.)

dedicator ['dedikerta] — TOT, KTO MOCBSIIACT (Hanp. KHUZY)

deep-ultraviolet source |['dirpaltro'varolot 'sois| — WCTOYHWK HaJIbHETO YJIbTpa-
$MOoIIeTOBOTO U3TyICHUST

deflect [dr'flekt] — OTKJIOHSITh, OTKJIOHSITBCS, IIPEIOMIISITHCS

deflected beam |diflektid 'bizm]| — OTKIIOHEHHBIN JTy4

deflected light beam [diflektid 'laitbiim]| — OTKIOHEHHBIN JIyd, OTKJIOHEHHBIN
VA ()36

deflection [dr'flekf(s)n] — mpenomieHue, OTKJIOHEHUE

deformable mirror [d1formabl 'mira] — nedopmupyemoe 3epkaio

defy [dr'fai] — Gpocarh BbI30B, ITHOPUPOBATh, IIPENSTCTBOBATh, HAPYILIATh, HE IO~
IaBaThCS

degradation [ degro'derf(e)n| — cHMXeHUEe paGOTOCTIOCOOHOCTH, AeTpaaalusi, CHU-
KeHne 3(pGHEeKTUBHOCTH, TTOTEPS SHEPTUHN

degrade [di'greid] — yxymiuaThb(cst), CHUXATh(Cs1), IIOHUKATh, OCIA0JISITHCS

degree |[dr'gri:] — crTymeHb, cTemeHb, YpPOBEHb, IIipeaei; rpamyc (mepa yeaa,
memnepamypbot)

deleterious [ deli'tiorras] — BpemaHbIi, BPeIOHOCHBIN

demanding [dr'ma:ndin] — TpeGoBaTeabHbIN, TPYAHbII, TPYIOEMKUI, OTBETCTBEH-
HBINA

demonstrate convincingly ['demonstrert kon'vinsinli] — sgpko IpomeMOHCTPUPO-
BaTh, YOCIMTEIHLHO ITOKA3aTh

density ['densiti] — MIOTHOCTb, KOHLEHTPALKS, UHTEHCUBHOCTD

density modulation ['densitimodja'lerf(e)n] — MOmySIIMST 1O TUIOTHOCTH, TIIOT-
HOCTHASI MONYJISIIUS (ny4Ka)

depart [di'pa:t] — oTcTynaTh, OTKJIOHSATHCS

departure [dr'pa:tfo] — yxom, oTcTyIUIeHHE, OTKIOHEeHUE (napamempa om 3a0aH-
HO20 3Ha4eHUs);
departure from the law — oTcTyruieHne OT 3aKOoHa

depend (on) [di'pend] — 3aBuceTh (OT)

dependent (on) [dr'pendont]| — 3aBucsIMil (0T), 0OYCIOBIEHHbIA

deplete [di'pliit] — 0GenHATH, UCTOIIATDL, UCYEPIIBIBATL, YMEHBIIATD

deposition [depa'zif(e)n] — ocaxkneHue, BbIICICHUE (Memanra Ha anode uau
Kamode npu saeKkmpoause), BHIIAIeHWE, OCIIOHMPOBaHWE, HaHECCHUE
(noxpoimuti, naéHox u m.n.), HaIbUICHUE, OTIOXCHUE

depth dimension [ depOdarmenf(a)n] — BepTUKaIbHBIE pa3Mepsbl

desirable [di'zarorabl] — XeaTeIbHBIIA

desired [dr'zarod] — nCKOMBI, TpeOyeMblii

detail ['dirterl] — nerasnb, MOAPOGHOCTS || METAMM3NPOBATH, MOXPOGHO OCBSIIATH

detect [dr'tekt] — oOHapy:KMBaTh, OIPEAEIISIThH, I€TEKTUPOBATh

detectable [dr'tektobl] — oGHapyKKMMBIii, 0OHAPYKUBAaEMBbIiA

detected [dr'tektid] — oOHapyKeHHbBI, 3aMeYEHHBIIA
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detecting [dr'tektin] — oGHapyXeHUe || 0OHAPYKMBAIOLIUIA

detection [dr'tekf(o)n] — oGHapyxeHUe, OeTEeKTUPOBAHUE, BBISIBIIEHUE, PETUCTpa-
s, OTKPBITHAE

detector [dr'tekto] — meTeKTOp, JaTYMK, MHIUKATOP, PETUCTPATOP, YYBCTBUTEIbHBIIM
SJIEMEHT

detector output [drtektor'autput] — BBIXOI IETEKTOPA, BBIXOMHOM CUTHAJ IeTEKTOpa

development [di'velopmont] — pa3pa®oTKa, MPOEKTUPOBAHKME, KOHCTPYUPOBAHUE;
pa3BUTHE, COBEPIICHCTBOBAHNE, JOBOOKA; IIPOSIBIICHIE, TIPOSIBKA

deviate ['di:viert] — OTKJIOHSITBCS, OTCTYIIATh

diaphragm ['darofrem] — muadparma, MmeMOpaHa (uyecmeumenvhbviii s1emenm) |
nrachparMIpoBaTh

dielectric [dair'lektrik] — IURIEKTPUK || IUDIEKTPUIECKUIA

dielectric insulator [ darr'lektrik 'isjolerta] — nuaneKTpUIeCKUl U30IATOP

difference of potentials ['dif(o)r(e)ns av pa'tenf(9)lz] — pa3HOCTb MOTEHIIMATIOB

differentiate (firom, between) |dif(s)'renfiert] — pasnuyaTh, pa3rpaHUYMBATh, OT-
JIN9IaTh

diffracted beam [drfreektid'biim| — oTpak€HHBIN JIy4d, OTpakEHHBIN MyJOK, TUdpa-
TMPOBAHHBIN JIy4

diffuse [dr'fju:z] — pacceuBarn;
diffuse the light from a source — paccemBaTh CBET OT UCTOUHHMKA

diffused hologram [difju:zd 'hologreem| — rosorpamma, mojaydeHHas ipu auddys-
HOM OCBECIIICHWH; TOJIOTpaMMa, TIOJTydeHHas TP OCBeIeHnN T OY3HBIM KO-
TEPEHTHBIM CBETOM

diffusive [di'fjuisiv] — nuddy3noHHEbIA, paccenBalOLINi

digital modulation ['di&it(e)],modja'lerf(a)n] — umubpoBast MOIyIALINS

dilute electron beam [dar'lu:t r'lektronbiim| — HU3KOHEPreTMUECKUI SIEKTPOH-
HBIA ITy4OK

dim [dim] — TYCKIIBII1, HESIpKUIA, CIIA0BIN (0 ceemsauuxcss 00seKmax)

direct bandgap semiconductor [direkt 'bendgepsemikon'dakto] — coOCTBEHHBII,
OecIpUMECHBII TTOTYIIPOBOTHUK

direct imaging [drrektimidsin| — mpsimoe nzobpakeHue

directed energy weapons |[di'rektid enadst 'wepanz| — sHepreTudeckoe opyxXue Ha-
MPaBJIICHHOTO JACHCTBUS, JIa3epHOE OPYKME

discern [d1's3:n| — pa3nuyarh, pa3misaeTh, paclo3HaBaTh

discharge [dis'tfa:d3] — pa3psia, 2/IeKTpUYeCcKUil pa3psii

discharge lamp [dis'tfa:dsleemp]| — raszopaspsinHas 1amra

discontinuous [diskon'tinjuss| — mpepbIBaeMbIi, TUCKPETHBII

discrete [di'skriit] — DIMCKpETHBIN, IPEPHIBUCTbII

dispense with [di'spenswid] — o6xonuThCs Oe3

dispersion [dr'sp3:f(o)n] — aucneprupoBaHue, OUCIIEPCHs, JUCIIEPCHOCTh, paccesi-
HHE || IucrepCuOHHBIIA

dissociated molecule [disaufiertid 'molikjuil] — mucconmupoBaHHasE MOJIeKya

distant ['dist(o)nt] — OMCTAaHLIMOHHBIN, YOANEHHBIN, NaJbHUMI, OAaAEKU, OTIAIEH-
HBIN

distant point source [ dist(a)nt 'pointso:s| — ynagi€HHBI TOYSUHBI UCTOUHUK

distinct [di'stipkt] — pa3jauM4HbBIi, OCOOBIA, SIBHBIA, OTIEIbHbII, OCOOBIA, SICHBIA,
OTYETIIUBBIN
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distinctive property [distipktiv ‘propeti] — xapakTepHasi 0COGEHHOCTh

distinguish [dr'stingwif] — oTinMyaTh, pa3inyarh, BHIIEISATh, OTMEYATh, PACIIO3HABATD

distinguish cause from effect — pasznmmuaTh IpUIMHY U CIEICTBUC

distinguishable [d1'stingwifobl] — pa3IuM4YMMBbIii, BUAUMbIA, 3aMETHbII

distort [dr'stoit] — uckaxatb, 1eOpMUPOBATH, UCKPUBIISITH

distorting medium [drstortin 'mirdiom| — necdopmupyrotias cpena, McKaxarolas
cpena

distortion [d1'sto:f(9)n] — uckaxeHue, aedopManysi, UICKPUBJIEHUE, TUCTOPCUS

distributed Raman amplifier (DRA) — pacnpenenénusiii PamanoBckuit ycunu-
TEJIb

disturbance [dr'st3:b(o)ns] — pacopeneiaeHue MoOJsi BO3MYILEHMS

diverge [dar'v3:d3] — pacxoouTbCsi, OTXOAUTh, OTKJIOHSIThCSI

divergence [dar'v3:dzons| — pacxoxiaeHue, OTKJIOHEHUE

diverging beam [da1v3:d3im'bizm| — pacxomsimuiicst mydyoxk

diverging lens [darv3:d&5im'lenz] — paccenBatoiasi JuH3a, OTpUIIATEIbHAS JTMH3a

diversity [da1'vs:siti] — pazHOOOpa3ue, MHOrooopasue, pa3HOPOIHOCTh

docking maneuver [ dokipma'nuive] — MaHEBP CTHIKOBKM C BKJIIOUCHWEM JBUTATE-
JIsT, MAaHEBP CTHIKOBKH

doctoral fellowship [ dokt(a)r(s)l 'feloufip] — moKTOpaHTCKast CTUTICHIUS

domain period [dou'meinproriod| — mepuom TOMEHHOU CTPYKTYPHI, IIAr TOMEHHOMN

CTPYKTYPHI
domain wall [dou'meinwo:l] — moMeHHas TpaHUIIa, CTEHKA JOMeHa
domestic production [domestik pro'dakf(e)n] — oTedyecTBeHHOE MPOM3BOACTRBO,

TIPOMYKIIMS OTEYSCTBEHHOTO ITPOM3BOACTBA

dope [doup] — akTBUPOBATH (0 1a3EpHBIX Mamepuanax), IeTupoBaTth (ROAYNPOBOOHUK)
| nerupyromas mo6aska, 106aBKa, JIETUPYIOLIAs IIPUMEChH

Doppler method — noruiepoBckuit MeTon

double-pulse hologram ['dablpals 'hologreem| — AByX3KCO3UIIMOHHAS TOJOrpamMMa

double refraction [,dabl r'frekf(o)n] — nByaydenpenomieHue

doubling of an image [, dablin av an 'Tmid3] — ynBoeHue, ciBanBaHUe N300pakKeHUS

download ['daunloud] — 3arpyxatb (QucmaHyuUOHHO NO KAHAAY C853U), CKAYUBATh
(daiin) || ckaunBaeMblii (aiin

dramatic [dro'metik] — UCKIIOYUTENIbHO CUJIbHBIN, PE3KUl, CYLIECTBEHHBINA (06
UBMEHEHUSIX)

drawback ['dro:beek] — HemocTaTOK, MOTrPELIHOCTD, U3bsIH, OTPULIATE/IbHASL CTOPOHA

drift [drift] — opeiid, cMeleHne, yxom, CIBUT, MeIJICHHOS N3MEHECHNE TapaMeTPOB
| yxomuth, cMeaTs

duct [dakt] — TpyDOa, KaHas, MPOTOK, BOJHOBOMA, KOPOO

due [dju:] — cOOTBETCTBYIOLIMIA, HAAIEXKAIIUIA

DWDM (Dense Wavelength Division Multiplexing) (|, dens'wervlen® diviz(a)n
'maltipleksin]) — crekTpajabHOE YIUIOTHEHUE, MYJIBTUILICKCUPOBAHUE C pase-
JICHHEM TIO CIICKTPAJTbHOU TUIOTHOCTH

dye cell ['darsel] — stueiika ¢ Kpacurtesnem, KloBeTa ¢ Kpacuresnem (das razepa)

dye-cell Q-switch ['daisel 'kjuiswit/] — MoayJsiiiist ZJOOPOTHOCTH Ha sTUeliKe ¢ Kpa-
CHUTEIIEM

dye laser ['daileizo] — na3ep Ha KpacuTejie, OIITUYECKUIL KBAHTOBBII reHEepaTop Ha
IUTMEHTAaX
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dye solution ['daisa'luzf(9)n] — pacTBOp Kpacutens
dynamic response [darneemik ri'spons| — nuHaMHUYecKast XapaKTepUCTHUKA, 4aCTOT-
Hasl XapaKTepUCTUKa

E

earn a master’s degree ['3ino maistoz drgri:] — MoOAy4YUTH CTeTIeHb MarnucTpa

earn PhD ['sinopizertf'di:] — moay4uTh cTeneHb noKTOpa dhustocodun

effective focal length [1fektrv 'fouk(a)llenO] — monesHoe (sx6usarenmuoe) poxyc-
HOE pacCTOsTHUE

effective path length [1fektiv 'pa:©lenO] — sadbdexkTuBHas nvHa jyda, 3bGhEeKTUB-
Hasl JUTUHA TIyTU

efficiency [r'fifontsi] — a(pheKTUBHOCTD, KITI, IPOU3BOAUTEIBHOCTD, KO3(MOULKEHT
MOJIE3HOTO IeCTBUS

efficiency factor [r'fifontsifekto] — KoadduimeHT 3hGHEKTUBHOCTH, MOKAa3aTeb
3¢ (HEeKTUBHOCTU

elaborate [rleb(o)rit] — TiIaTeabHO pa3pabOTaHHBINA, MPOAYMAHHBIA, CIOXKHDIMA,
3aMbicioBathlii | [r'leeb(o)reit] — meranbHO paspabarbiBaTh (memy, 6onpoc);
KOHKPETU3UPOBaTh, pPa3BUBaTh, YTOYHSTH, IIPUIABATh 3aKOHUYCHHBINA BUII
(meopuu, uzobpemenuio)

electric field intensity [1'lektrik fizld mn'tensoti] — HaANPSEKEHHOCTD BIEKTPUIECKOTO
TOJIST

electric insulator [1lektrik 'Insjaleito] — TUBAEKTPUK, DIAEKTPUISCKUN U30ISATOP

electric power cable [1lektrik 'pauskeibl] — anekTpuueckuii kabenb, Kabedb Taib-
HEW CBI3U

electric vector [1lektrik 'vekto] — ayIeKTpUYEeCKMil BEKTOP, BEKTOP HAMPSIKEHHOCTH
3JIEKTPUICSCKOTO TTOJISI

electrical discharge [1lektrik(o)l dis'faids] — anekTpopaspsii, 2AeKTPUUECKU pas-
psiI

electrical hazard [1lektrik(o)l 'heezad] — omacHOCTh MOpaxkeHUs IIEKTPUIECKUM
TOKOM

electricity grid [elek'trisatigrid] — anekrpuyeckast ceTb

electrocute [r'lektrokju:t] — yOMBaTh 2JIEKTPUUECKUM TOKOM, OLJIYIIATH 3JIEKTpUYE-
CKIM TOKOM

electromagnetic theory of light [1lektra(u)meeg'netik O1orrov'iait] — snekrpomar-
HUTHAsI TEOpUsI CBeTa

electron beam [1lektron'biim] — my4ok 3;71eKTpOHOB

electron beam excitation [1lektron'birmeksr'terf(a)n]/[-'sai-] — Bo3OykneHue 3K~
TPOHHBIM ITy9KOM, 3JIEKTPOHHOE BO30Y:KICHIE

electron-beam-pumped laser [1lektron’bizmpampt'leizo] — onTrueckuit KBAHTOBBII
TreHepaTop C AJIEKTPOHHOM HaKauKOM, Jla3ep ¢ HAKAUYKOM 3JICKTPOHHBIM ITyYKOM

electron velocity [1lektron vi'losati] — cKOpOCTb 3JIEKTPOHOB, CKOPOCTh TBUKEHMUSI

3JIEKTPOHA

electronic circuitry [elek'tronik 's3ikitri] — 37eKTpOHHBIE CXeMBbI, 3JIEKTPOHHAS
cxeMaTHhKa

electronic energy levels [ elek'tronik 'enadsilev(s)lz] — aneKTpoHHBIE YPOBHU 3HEP-
TN

electronic gaming | elek'tronik 'germin| — 3J1eKTpOHHBIE UTPHI
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electronic supplies |clek'tronik so'plaiz] — WMCTOYHMKU TIUTAHUS 3JIEKTPOHHOTO
000pyIOBaHMUS

electronic transition [elek'tronik treen'zif(e)n] — aMeKTPOHHBIA Mepexo

electro-optic Q-switch [1lektrou'optik 'kjuiswitf] — 2MeKTpOONITUYECKUIT MOIYJISI-
TOp TOOPOTHOCTH

eliminate the need (for) [1Iliminert 0d'nitd f3] — ycTpaHUTh HEOOXOAUMOCTH
eliminate the problem [1'liminert &5 'problom] — ycTpaHuUTh IpoOIIEMY, YCTPAHSITh
3aTpyoHCHUE

elsewhere [els'wea] — B mpyrux Mecrax, B ApyruX UCTOYHUKAX, TIE-JTUOO ellIé

embody [1m'bodi| — BoILIOIIaTh B KU3Hb, OJIMLIETBOPSITD, 3aK/II04aTh B cebe, comep-
KaThb, OJIMIIETBOPSITh, OCYIIECTBIISITh, PEAIM30BBIBATh, OCYIICCTBIISITh (1der0)

emerge [1'm3:d3] — MOSBISATHCS, BO3HUKATD; BBISICHSITHCSI, BCIUIBIBATH, OOHAPYKU-
BaThCS

emerge from [I'm3:d3 from| — HOSIBISTHCS, BHIXOAUTH U3

emission [I'mif(o)n| — uU3IyYeHME, SMUCCUS DJIEKTPOHOB

emission spectrum [1mif(o)n 'spektrom| — cIeKTp M3JIy4eHUs , CIIEKTp UCITycKa-
HUSI, SMUCCHOHHBIN CIIEKTP

emit [I'mit] — u3ay4YaTh, UCIYCKATh, BBIACISITH; SMUTUPOBATh

emitter [I'mito] — u3ay4yaTelb, UCTOUHUK WM3JIyYEHUS, SMUTUPYIOIIUNA DIEKTPOI,
SMUTTEP, U3JTydaTesib, TCHEPATOP, UCTOTYHUK W3ITYICHUS

emphasize ['emfssaiz] — nmoguepkuBaTh, BbLACIATH, AKLIEHTUPOBATh

enable [r'neibl] — menaTh BO3MOXKHBIM, OaBaTh BO3MOXKHOCTb, O0JIerdyaTh; 3ally-
CKaTh, 3acHCTBOBATh; MOMKIIIOYATh, BKIIFOYATh

encounter obstacles [in'kauntor'obstoklz] — HaTanKuUBaTbCS HA MPENSITCTBUS

energy density ['enodsrdensiti] — TUIOTHOCTb 9HEPTUM, MHTEHCUBHOCTb SHEPTUU

energy gap ['enodsigeep| — aHepreTnyeckasi 30Ha, 3arpeléHHas 30Ha, IIMpUHA 3a-
NpelEHHON 30HbI

energy levels ['‘enodsilev(e)lz] — sHepreTHueckre ypoBHU

energy states ['enod3isteits] — sHepreTuuecKre COCTOSTHUS

energy storage |['enodistoirids] — HaKoruIeHUe U XpaHEHUE SHEPTUU

energy threshold ['enods1Oref(h)ould] — sHepreTYeckmii mopor

engage in [in'geids in| — 3aHUMATBCS, 3aHATHCS, IIPUCTYIIUTh

enhance [in'ha:ns] — NOBBILIATH, YIy4YlllaTh, YCUIUBATh, YBEJIUUNBATh, YCYTyOJIsTh

enjoy rebirth [1n'dzorri:'b3:0] — Bo3poxkmaTbest, MOSIBIASATHCS BHOBb

ensue [In'sju:] — clieg0BaTh, IIOJIY4YaTbCS B pe3yjIbrare

ensuing decades [nsju:n'dekeidz] — cienyronye necsTuneTUS

ensure [In'[us] — obecrneuynBaTh, rapaHTUPOBAT;
ensure data quality — obGecrrednBaTh Ka4eCTBO JaHHBIX

entangled light [intengld'lait] — 3anmyraHHbIi cBeT

enunciate an idea [1'nansiert on ar'dia] — cpopmynupoBaTh UACLIO, U3IOXUTH UICIO

equal ['itkwol] — paBHBLA, OMUHAKOBBIIA || OBITH paBHBIM, PABHATHCS

equidistant planes [ i:kwr'dist(o)nt 'pleinz] — paBHOOTCTOSIIIINE TIIIOCKOCTH

erbium (Er) ['3s:brom] — ap0uii

erbium-doped |['3:brom,doupt| — nermpoBaHHbBI 3pOoUEM

erbium-doped fiber amplifier (EDFA) ['s:bromdauptfaibor 'emplifais] — BosO-
KOHHBIN YCUJINTENIb ¢ JOOABKOM 3pOMS; BOJIOKOHHBIN YCUIINTENIb, JISTUPOBAH-
HBII 5pOueM
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error margin ['eroma:d3in] — mpeaen MOTPENIHOCTH, AOMYCTUMAsl MOTPEITHOCTb,
MpenesbHO TOMyCTUMAsT OITNOKa

essential [1I'senfol] — HeOOXOOUMBI, HEOTHEMJIEMbIiA, CYILECTBEHHbBIA

essentially [1'sen[(a)li] — 110 CyllIECTBY, CYLIECTBEHHO, IABHLIM 00pa3oM

et al. (Lat.) |et'zel] — u apyrue

evidence ['evid(o)ns] — ocHOBaHUeE, 10KA3aTEIbCTBO, CBUAETEILCTBO

exact [1g'zeekt] — TOUYHBIA, CTPOrUii, BEPHBIIA

exceed [ik'siid] — mpeBbllIaTh, IPEBOCXOAUTD

exceed a threshold [iksi:do'Oref(h)auld] — npeBbIIIaTh MOPOT

exceed the threshold value [1ksiid 0s 'Oref(h)ould,veelju:] — npeBbIIATH TOPOTOBBIE
3HAYCHUS

exceptional [1k'sepf(a)n(a)l] — UCKITIOUUTENbHBIN, HEOOBIYANHBIN, BbIIAIOIIMIACS

excess carrier [ikses 'keerro] — BO30OYXIEHHBIN 3J€KTPOH MPOBOAMMOCTH, BJIEK-
TPOH C M30BLITOUHOU dHeprueit, N30bITOYHBI HOCUTEIh 3apsiaa

excess energy [ikses'enadii] — U30bBITOYHAS] SHEPTHUS

exchange [iks'tfeind3] — KoMMyTaLIMOHHAsI CTaHLMsI; OOMEH; repenadya; CMeHa, 3a-
MeHa || oOMeHMBaTh(Cs), 3aMEHSATh

excimer laser ['‘eksomoleiza] — aKcUMepHBbIit J1asep

excitation energy [eksr'teif(o)n 'enadsi| — aHeprusi BO3MyILEHUsI, SHEPTUST BBIHYX-
JIIEHHBIX KOJICOaHWIA, SHEPTHUS BO30OYXKICHMS

excitation method [eksr'terf(o)n 'meOad] — MeTon HaKauKu, METOJ BO3OYKICHUS

excitation parameter [eksr'teif(a)n pa'remita] — ahHeKTUBHOCTh BO3OYKIECHUS

excitation technique [eksr'terf(a)n tek'nitk] — crmoco6, MeTon BO30YKIeHMUs

excite [1k'sart] — Bo30OyxaaThb (Kos1ebanus), BbI3bIBaTh, CTUMY/IMPOBATh

excited state [1ksartid 'stert] — Bo30yXnIeHHOE COCTOSTHUE

exclude [iks’klu:d] — uckiouarn

exclusive [1ks'klu:siv] — MCKIIIOUUTEIBHBINA, OCOOBII

exclusively [1ks'kluisivli] — HCKITIOYUTEIBLHO

exhibit [1g'zibit] — nposBISATL, OOHAPYKMBATD

existence proof [ig'zist(a)ns 'pru:f] — moka3aTesbCTBO CyIIECTBOBAHUSI

exoplanet ['eksoupleenit] — sK30rMIaHeTa, SKCTPACOTHEYHAs! TJIaHeTa

expectation [ekspek'terfon] — oxxugaHue, Haaexaa, MPEAOIOXKEHUE

experience [1k'sprorions]| — (orcusHernmbLil) OIBIT, MIEPEKUBAHUE || UCIIBITHIBATD, YyB-
CTBOBAaTh

exploration [ekspla'relf(a)n] — nccnenosanue, U3blckaTebckast padbora

explore [1k'splo:] — uccienoBath, U3y4ath, 00CIEI0BATh

explorer [ik'sploira] — ucciegoBaresb

explosive mixture [1k splousiv'mikstfa] — B3pbIBYaTasi cMeCh, B3pbIBOOTACHAsI CMECh

exponentially [ekspa'nenfli] — 3KCnOHEHIIMATBHO, MO SKCITOHEHTE, MO SKCITOHEH-
UAJIBHOMY 3aKOHY

exposure [1k'spou3o] — 0baydyeHue, BO3ACUCTBIE, DKCIO3UIINS

exposure curve [1k'spauzok3:v] — xapakTepucTuyeckasi KpuBasi, KpUBast TOYepHEHMUSI

exposure limit [1k'spauzslimit] — mpemen oGIydeHUsI, TPEIETbHO TOMYCTUMBIIA
YPOBEHb BO3IEMCTBUS, TIpEae SKCITO3UIINT

extend to infinity [1k'stend to m'finati] — yXonuTh B 6€CKOHEYHOCTh

extended source [1kstendid'so:s] — NPOTSKEHHBINA UCTOYHUK, HETOYEUHBIM MCTOY-
HUK
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extender mirror [1k'stendo,mira] — 3epKajo mjis1 yBeTUYCHUS] ONITUIECKOTO MyTH

extensive [ik'stensiv] — OOLIMPHBIN, HOAPOOHBINI, IPOCTPAHHBIMA, IINPOKUIA

exterior surface [1kstrorio 's3:fis| — BHEIIHSAS MOBEPXHOCTh, HapysKHasl MMOBEpPX-
HOCTh

external [1k'st3:n(a)l] — BHeLIHMI, HAPYXXHBII, BBIHOCHOM

extract [ik'streekt] — u3BIeKaTh, yIaIsTh

extraordinary ray [1kstroid(e)n(a)ri'rer| — HeOOGBIKHOBEHHBIH JTyd, X-COCTaBJISIOIIAS
pPamTMoOM3IydeHUS TIPM €TO pacIIpOCTPaHEHUH depe3 MOHOChEepy

extrapolation [1kstreepa'lerf(a)n] — sKcTpanosiysi, SKCTPAITOIUPOBAHUE, PACTIPO-
CTpaHEeHME

extreme [1ks'trizm] — Kpaii, IIpeiest, SKCTPEMYM || KpailHuii, IpeaeabHblid, SKCTpe-
MaJTbHBIN

extremum (p/) extrema) [1k'striimam] ([1K'strizma]) — sKcTpemManbHOE 3HAYCHWE

eye injury [a1 nd3(o)r1] — TpaBma a3

F

fabricate ['feebrikert] — mpon3BoAUTb, U3TOTOBISATH

fabrication [ febrr'keif(o)n] — Mpon3BOACTBO, M3rOTOBIICHNUE

factor ['feekto] — dakrTop, KkoahbuUIMEHT, MOKa3aTeb

faint object [ feint'obdzikt] — ciadOblii 00bEKT, OOBEKT C HEOOJBIIION MHTEHCUBHO-
CTHIO U3JTyYEHUS

false alarm [ fo:lso'lazm] — noxkHast TpeBora, CUTHAJ JIOXKHOW TPEBOTH

familiar [fo'milio] — 3HAKOMBIi1, TPUBBIYHBIN, XOPOIIO U3BECTHBIN, OIN3KUI

fan out ['feen'aut] — pa3BEpPTHIBATHCS BeepOM, pacCenBaThCs

far infrared spectral region [ fa:rinfro'redspektr(o)l'riids(o)n] — manpHsIsT MHDPa-
KpacHasi 00J1acTh CIieKTpa

feature [firtfo] — xapakTepucTuka, mapameTp; OCOOCHHOCTh, (omAuuUmMEeNbHbLIL)
MpPU3HAK, CBOMCTBO

feed (fed — fed) [fird] — momaBaTh, MUTaTH, CHAGXATh, BO3OYXIaTh, BBOAUTH

feel uneasy |[/fi:l An'izzi] — Tep3aTbcsi, OECTTOKOUTHCS

ferroelectric crystal [ferourlektrik 'krist(e)l] — cerHeToa/IeKTpUUECKUIT KPUCTAILT,
deppoaniekTpuk

fiber bundle ['faibobandl] — onTuyeckuit Kabenb, BOJTOKOHHO-ONTUYECKUI KTYT,
BOJIOKOHHO-ONITUYECKUI Kabenb

fiber core ['faitboko:] — cepmiieBuHA BOJIOKHA, CBETOBOMHAS XXWia, lIEHTpaIbHAs
JKWJIa OTITUYECKOTO BOJTOKHA

fiber laser ['faibole1zo] — BomokoHHBIN J1a3ep

fiber losses ['faibolosiz] — motepu B cBeTOBOME, TTOTEPU B BOJIOKHE

field of view | firldov'vju:] — 30Ha 0630pa, 30Ha BUAMMOCTH, TT0JIe 0030pa

figure of merit [ figorov'mert] — mokasarenb KauecTBa, mokasareib JOOPOTHOCTH,
Ka4eCTBEHHbIN MoKa3aTesb

film [film] — mn€nka

find one's way into — mpoGuBaTh cede TyTh B, C TPYAOM MTPOOUBATHCS, TPOKJIIA I~
BaTh cebe Topory

find out ['faind'aut] — y3HaTh, pa3y3HaTb, BBISICHUTD; TIOHSTH
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fine-grain emulsion ['faingrem 1'malf(e)n] — Menko3epHucTast dhororpaduyeckas
SMYJIBbCHUSI, MEIIKO3EPHUCTAST SMYJIbCHUS

finish ['finif] — npou3BoaUTh (UHUIIHYIO 00PaOOTKY, OTAEIbIBATH HAYMCTO, OOpa-
0aTBIBAaTh HAYMCTO

finite ['fainart] — KOHeYHBIN, OTPAaHUYEHHBIN, UMEIOIINIA TIPEIeT

first light [ f3ist 'lait] — paccBer

first priority [ f3:st prar'orati] — mepBoouepénHas 3agaya

first pulse mode ['f3:st,pals 'moud] — u3MepeHure TaAIBHOCTYU O TIEPBOMY UMIIYJIb-
cy

flashlamp ['fleeflemp] — uMnynbcHas JIamiia, jJaMia HaKaukKu

flashlight ['fleeflait] — KapMaHHBIIA 271eKTpUYECKUi (poHAPH

flat white paint — maToBbIc OenmTa, Kpacka MaTOBOTO O€JIOTO IIBeTa

flaw [flo:] — u3BsaH, gedeKT, craboe MecTo, HeTOCTATOK

flexibility [ fleksr'biloti] — TMGKOCTh, TONATIIMBOCTh

flicker ['fliko] — KOpOTKas BCIIBILIKA, MEPLIAHKE, MeJIbKaHUE, (DIMKKEP-LIyM || Mep-
aTh, MEJIbKAaTh

flight time ['flarttarm| — Bpemst mipoJieTa, MPOIOKUTEILHOCTD MOJIETA

flint glass ['flintglais] — onTUyeckoe CTEKIIO

flow [flou] — TedeHme, TTOTOK

fluence ['fluzons] — (roeHC, MHTEHCUBHOCTD IIOTOKA, IIOTOK HEPIUU

fluorescence |[flo:'resons]/[flus-] — JOMUHECLIEHLIUSI, CBeYeHUE, (DIyOpECLECHIIMS

fluorescent [flo:'resnt]/[flus-] — dayopecLieHTHbIN, (DIyOpeCUUPYIOLINA, JTIOMU-
HECLIEHTHBIN

fluorine (F) ['florriin]/['flus-] — drop

flux [flAks] — TeueHMe, MHTEHCUBHOCTD MOTOKA, TTOTOK (U3.1y4eHust)

focal plane ['fouk(e)l,plein]|] — dokanbpHasT TIIOCKOCTH

focus ['foukas] — dokyc || bokycupoBath

focus on ['foukas an| — oGpaiaTh 0cob00e BHUMaHKE Ha, Iei1aTh YIIOP

focused radiation ['foukastrerdi'erf(a)n] — chokycrupoBaHHOE U3JTydeHHE

follow precautions ['folou pri’ko:f(9)nz] — cobmogaTh Mepbl IPEIOCTOPOXHOCTH

for economic reasons [for,itka'nomik 'riiz(s)nz] — M0 3KOHOMUYECKUM COOOpake-
HUSIM

for our purpose [foraua'p3ipas| — yCIOBHO, WISl JTaHHBIX Heei

for simplicity [fo sim'plisati] — mIs IPOCTOTHL, AJIst YIPOILEHMS

for this reason [f5 018 'rizz(9)n] — Mo 3TOM MPUYKUHE, IIOITOMY, HA OCHOBAHUU 3TO-
TO

formidable problem [ fo:midabl 'problom| — cepbe3Has mpobGiema, TPYITHOTIPEOIO-
nauMas rpoobyema

fortunately ['fo:tf(o)notli] — K cyacThiO, O CYACTHIO

Fourier analysis ['furrier oneelisiiz] — rapMmoHndeckuii aHanmms, aHaau3 Oypbe

four-wave mixing ['forwerv 'miksin| — 4eTBIpeXBOJIHOBOE B3aWMOACIHCTBUE, YEThI-
PEXBOJTHOBOE CMECIIICHUE

fraction ['frekf(o)n] — wacTuua, nost, 4acThb

Fraunhofer diffraction — mudpaxumns @payarodepa

free of — He comepxamuii, 6e3

free-electron laser (FEL) | frim'lektronleizo] — azep Ha cBOGOMHBIX JIEKTPOHAX

free-free transition ['frizfri: treen'zif(e)n] — cBOGOIHO-CBOGOMHBIN TIEPEXO
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frequency ['frizkwonsi| — yacTtora

frequency conversion ['frizkwonsi kon'vs:f(a)n] — rnmpeodpazoBaHue 4acTOThI

frequency doubling ['fritkwonsidablin] — ynBoeHUe 4yacTOTHI

frequency doubling laser device ['frizkwonsidabliy 'leizadivars] — yctpoiicTBo yi-
BOCHMSI YaCTOTHI TeHEpaIlny Jlazepa

frequency down-conversion |[fritkwonsr'daun kenyvsif(e)n] — mpeoGpazoBaHue ¢
TMOHIKEHEM JacTOThI, IIOHIDKAIOIIee ITpeoOpa3oBaHe

frequency range ['fritkwonsireinds] — mosoca 4acToT, YaCTOTHBIN TMana3oH

frequency up-conversion [frizkwansr'ap konyvs:f(s)n] — npeobpaszoBaHue ¢ TTOBbI-
IIeHNEM YaCTOTHI

frequency-doubled ['frizkwonsidabld] — ¢ ynBoeHHOIT YacTOTOM, ¢ yIBOCHUEM Ya-
CTOTHI

Fresnel diffraction [frer'nel dr'frek((o)n] — nudpaxkuus DpeHens, dppeHeneBcKas
nudpakus

fringe [frind3] — 1momoca, rpaHMYHAasT 30Ha, TpaHUIIA

fundamental measurement [fandsa'ment(a)l 'mezomont] — OCHOBHOE M3MepeHUeE,
TIEePBUYHOC M3MEpPECHIE

fundamental mode [fanda'ment(o)l'moud| — Moma Hu3IIEro Mopsinka, OCHOBHAsI
Moja KoJjiebaHU

fundamentals [ fando'mentlz] — ocHOBHBIE MPUHIIMITBI, OCHOBBI

furnish information about ['f3:n1f nfa'meif(a)n 9baut] — mpenocraBuTh MHPOPMa-

LIMIO O
further ['f3:00] — 3aTeMm, naiee
furthermore [ 3:09'mo:] — K TOMy Xe, KpoMe TOro, 60Jee TOro

fused quartz [ fjuizd'’kwoits] — riaBIeHHBIN KBapII
fuzzy ['fazi] — HeonpeneI€HHbINI, 3alyTaHHbIN, PACILILIBYATBIA, PA3MbITbIA, HEYET-

KUK
G
gain [gein]| — ycuiieHue, KO3MULIMEHT YCUJICHUS
gain bandwidth [gem'bandwidO] — mmpuHa TOJIOCH ycWiIeHUS, TOOPOTHOCTb,

npousBeeHne Koa(duimeHTa yCuieHWsT Ha ITMPUHY TTOJIOCHI TTPOITYCKaHMST

gain curve ['geinks3:v] — KOHTyp ycuJieHUsI, KpUBasli YCUJICHUsI, aMIUIMTY/IHas Xa-
paKTepucTuKa

gain depletion [gen di'plizf(s)n] — 3aTyxaHue ycuieHuUs

gain medium [ gem'mi:diom] — ycwimBalomasi cpena, akTuBHasl cpeia

gallium arsenide (GaAs) [geliom'aisonaid] — apcenua rajius

gap [gep]| — 3anpeliéHHast (aHepeemuueckas) 30Ha, 30HAa HEUYBCTBUTEJIbHOCTHU;
3a30p, MTPOMEXYTOK, MHTEPBaJ

gasdynamic expansion [gaesdarnaemik 1k'spenf(o)n] — razogmHaMnYecKoe paciiu-
peHue

gasdynamic laser [ gesdarnemik'leizo] — razogmHaMuYecKuii azep

Gaussian ['gausron| — rayccuaH

Gaussian curve [ gausion'k3rv] — Kosokonoo0Opa3Hasi KpuBasi, rayccoBa KpuBasi,
kpuBasg laycca

Gaussian function [ gausion 'fankf(o)n] — dynkums laycca, rayccoBa pyHKITHS

Gbit ['gigobit] — ruradbur
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general purpose laser [ &Gen(o)r(o)l'p3ipaslerzo] — nazep obIIero Ha3HAYCHUS

generalize |'d&sen(o)r(a)laiz] — 06001aTh, neaTh OGIIUE BHIBOIBI

generate harmonics ['&Gen(o)rert har'moniks] — reHepupoBaTh rapMOHUKU

generically [di'nerikoli] — B 061ieM

geometrical optics [ &1o'metrik(a)l) 'optiks] — reomerpuyeckast onTuKa

germanium (Ge) [d33:'memniom| — repMaHuii

get rid of [ get 'ridov] — n36aBUTHCSA

get right [ get 'rart] — MpaBWIBHO, MPEKPACHO TTOHSITh, ObITh COBEPIIIEHHO SICHBIM

giant planets [daront 'pleenits] — TIJIaHeTBI — TUTAHTHI, OOJbIIWE TUTAHETHI
(FOnumep, Camypn, Ypan, Henmyn)

gigahertz (GHz) ['gigohs:ts]/ ['d3ig-] — rurarepir (I'Ttr)

Gillette [d3r'let] — «kumieTT

give off light ['grv'of 'lart] — u3ayyaTh CBET, UCITyCKATh CBET

given [gIv(o)n] — Ipy HAIMYUM; TIPU YCIOBUU, €CIIN; YIUTHIBASI, YTO

glass laser ['gla:sleizo] — ya3ep Ha cTekie

glass plate ['gla:splert] — crekyisitHHasT TUTACTMHKA, CTEKJISTHHAS TITUTKA

glimpse [glimps] — HeKoTOpoe MmpeacTaBiieHue, Oer1oe 3HaKOMCTBO

glow discharge ['glou distfa:ds] — Terommii paspsin

goal [goul] — 3amayva, 11e7Th

good-quality [,gud 'kwoloti] — TOGPOTHBI, XOPOIIIETO KayecTBa

gradation [gro'deif(o)n] — rpamanus,0OTTEHOK, IIOCTEIIEHHBIA IIepexo; CTyIlleHYa-
TOCTbB, TIOCTCIICHHOCTD; TPAHYJIOMETPUUCCKII COCTaB

gradual ['greedjusl| — rpaayaibHbIil, TOCTEIIEHHBIA, ITOCIEI0BATEIbHBIIA

gradually ['greedjusli] — mocTeneHHO, MaIO-IIOMALy, IIOHEMHOTY

graininess ['greininss| — 3epHUCTOCTb, 3€PHUCTAs CTPYKTypa

grating |['greitin] — nudpakuuoHHAas pelIéTKa, peliéTka, ceTka (6 unmepgeper-
UUOHHBIX Memooax)

ground level ['graundlev(a)l] — OCHOBHOI >HepreTUYECKHil YPOBEHb, OCHOBHOM
YPOBEHb (Ko.1e0amenbHbill)

ground potential ['graundpstenf(a)l] — aseKTpUYECKUI TTOTEHIIMAT 3eMITU

ground state ['graundsteit] — oCHOBHOE COCTOSTHUE (68 MHO20YPOBHEB0lU cucmeme),
OCHOBHOC (K8aHMOB0€) COCTOSTHUEC

ground-based laser ['graundbeist 'le1zo] — azep Ha3zeMHOTO 6a3UPOBAHUSI, HA3EM-
HBIA J1a3ep

grow exponentially ['grou,ekspa'nen/li] — pacTn KCIMMOHEHIIMAIBHO, PACTH TT0 IKC-
TIOHEHTE

grow in importance ['grou in mm'poit(o)ns] — CTaHOBUTBCS 0OJie€ 3HAYUTEIbHBIM,
CTAaHOBUTBCS BCE OoJsice BaXKHBIM

GW (gigawatr) |'gigowot] — I'Br (eueasamm)

H

handle ['haendl] — oGpabarbiBaTh, yIpasisTh, oOpallaThcs, padoTaTh, OIEPUPO-
BaTh

harm [ha:m] — Bpexn, yiiep6, 3110 || NpUYUHATD Bpel, BPeAUTh, HAHOCUTDL BPEL

harmful ['ha:mf(s)l] — BpenHbIil, BpEIOHOCHBI

harmful environment [ ha:mf(a)l in'vaior(e)nmont| — HeGaaronpusTHas cpeaa
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harmonics [ha:'moniks] — rapMOHUKHM, MyJIbCALIMKA, FTAPMOHMKA

harmonics generation [ha:r'moniks dzena'rerf(a)n] — reHepausi rapMOHUK

harsh light [ ha:flart] — peskuii cBet

have to do with — nMeTb oTHOLIIEHUE K

haze [heiz] — mpIMKa, IETKWiT TyMaH, MIJIa, aTMOC(epHas TbIMKa

head amplifier [ hed '®emplhifaio] — npenycunurTenb, BBIHOCHON YCUITUTENTh

health and safety [hel© on(d) 'seifti] — ruruena Tpyma u TexHUKa 6E30MMaCHOCTH,
06e30IMMacCHOCTh KU3HEACSTSIFHOCTH, 3MI0POBbE U OE30ITaCHOCTh

health hazards ['hel©heezodz]| — BpeaHble yCIOBUSI TPOU3BOACTBA, YTPo3a ISl 310~
POBBS, Bpeld IUIST 3MOPOBBS, YIpo3a IUIST 3MOPOBBS

heat capacity |['hiit ko,paesati] — Termmo&MKOCTb

heat-absorbing ['hi:tob,zo:bin| — TeruroNnoOIONIAIONINIA, SHIOTEPMUYECKUI

heterodyne detection ['het(o)raudain ditekf(o)n| — reTeponMHHBIN TIpUEM, TeTEPO-
IWHHOE NCTCKTUPOBAHNE

heterojunction ['het(a)ra(u)&ank((9)n] — reTepornepexon, HEOTHOPOIHBIN TIEPEXO
B MOJIYIIPOBOTHUKOBOM ITpHOOpE

high accuracy [ har 'ekjorasi] — BbIcOKasi TOUHOCTb, MaJjiast IOTPEITHOCTh

high brightness [har1 'braitnas| — ¢ MOBBIIIEHHON SIPKOCTHIO

high density [har 'densiti] — BBICOKOIIJIOTHBIH, ¢ BBICOKOH TUIOTHOCTBIO

high energy electron [ harenad1 1'lektron| — 371eKTpOH BBICOKOIT dHEPTUU

high energy level [ har'enadsr 'lev(a)l] — BBICOKMIT SHEpreTUYECKU YPOBEHD

high voltage electric power cable [harvoultids 1'lektrik 'pauskeibl] — BbICOKO-
BOJIBTHBIN 3JIEKTpUUECKUI Kabelb

high-end [har'end] — BbIcOKOKaUeCTBEHHBIN, YIOBIECTBOPSIIOIINI CaMbIM BBICOKUM
TpeOOBaHUSIM

high-performance [har pa'formons] — ¢ BBICOKMMU XapaKTepUCTUKAMU, BBICOKO-
3P HEeKTUBHBIN

high-power laser [ har'paus 'le1izo] — MOIIHBIN J1a3ep, Jazep OOIBIION MOITHOCTH

high-speed counter [har'spi:d 'kaunts] — BBICOKOCKOPOCTHOI CUETYMK, OBICTPO-
JNIEUCTBYIOIINI CUETIYUK

high-speed network [ har'spird 'netws:k] — BBICOKOCKOPOCTHasI ceThb

high-technology [ hartek'nolod3i| — BBICOKOTEXHOJTOTUYHBIN, HAYKOEMKUIA

high-threshold [har 'Oref(h)suld] — BBICOKOTIOPOTOBBII, C BBICOKUM TOPOTOBBIM
YpPOBHEM

higher-order [ haror'o:do] — BeIcOKOTO TIOpsiiKa, GoJiee BBICOKOTO TIOPSIIKA

higher-order harmonics [haror'aido har'moniks] — rapMoHMKHU GoJiee BBICOKOTO
mopsiIKa

higher-order modes [ haror'o:do,moud]| — MOIBI BBICIIIErO TIOPSIIKA

hinder ['hinds] — 3aTpyaHSTh, 3aMeIJIATh, 3aACPXKUBATh, IIPEISITCTBOBATL, MEIIATD,
OBITH TTOMEXOI, TOPMO3UTH

hole-electron pair [houl 1'lektron,pes] — mapa abIpKa-3JeKTPOH

holmium (Ho) ['houlmiom]/['hol-] — roabMuii

hologram reconstruction [‘'hologreem rizk(o)n'strakf(a)n] — BocrpousBenaeHue rojio-
TPaMMBbI, BOCCTAaHOBJICHIE TOJIOTPaAMMEI

hologram recording ['hologreem rr'’ko:din] — perucrpauusi roorpaMMbl

hologram interferometry ['hologreem,intofa'romitri] — ronorpaduyeckast uatepde-
pOMETpUS
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holographic information storage [hola'graefik infa'merf(a)n 'stoirids] — ronorpacdu-

yeckoe 3Y

holographic interferometry [holo'grefik ntafa'romitri] — ronorpacdudeckass MH-
TepdepomeTpust

holographic motion pictures [hola'grefik moauf(o)n 'piktfoz] — ronorpaduyeckuii
KuHeMmartorpad

holography [ho'lografi] — rosorpadusi, noiydeHue rojiorpaMm

homogeneity [ houmoadr'ni:iti]/[ houmsudze'nerati] — roMoreHHOCTh, OMHOPOIHOCTD
(no cocmaey)

homogeneous [ homa'dsiinias] — OMHOPOIHBIN, TOMOTEHHBI

host crystal ['houstkrist(a)l] — ocHOBa, MaTpuiia, OCHOBHOW KPUCTAJI, KPUCTAILI-
XO3SIMH

however [hau'evo] — ogHako, TeM He MeHee, HECMOTPSI Ha TO, BIIPOYEM

humble ['hambl] — npocToit, CKPOMHBII;
humble pair of spectacles — TIpocTbie OYKM (CKPOMHAas apa OYKOB)

Huygens’ principle ['hoigonzprinsopl| — npunuun ltoiireHca

I

ideal coding [ar'dial 'koudin] — uaeaabHOE KOOAUpPOBaHUE

identical [ar'dentik(s)l] — OOMHAKOBBIN, TOXIECCTBEHHBINA, OOHO3HAYHBINA, aHAJIO-
TUYHBIN

identification [ardentifi’kelf(e)n] — oToxkmecTBieHUe, pacrio3HaBaHUE, UIEHTUDU-
Kausi

identify [ar'dentifal] — onpenenuTh, UIEHTU(GUIUPOBATD, BbISIBUTh, YCTAHABIMBATh

illuminate [r'l(j)uiminert] — ocBemars, 00JIy4aTh

illuminate uniformly [1'1(j)uiminert ‘jurniformli] — paBHOMepHO OCBeLIAThH

illuminated [1'1(j)urminertid] — ocBelIEHHBIN, CBETAIIMUICS, 00IydaeMblii

image ['imid3] — nzoOpaxeHue || u306paxarh, GOPMUPOBATH U300PaKEHME

image enhancement [imid3 in'‘hainsmont] — ynaydiieHue U300paxkeHUs, TTOBbIIIE-
HUE YETKOCTU U300pakeHUsI, yCUJIEHEe U300pakeHUs

image processing [ 1mid; ‘prousesin| — o6paboTka n3o6paxkeHui

imager ['1mid3e] — ycTpoiicTBO ¢dopMHpOBaHUS U300paxkeHUs:, (HOPMUPOBATE/Ib
U300pakeHUs

imaging [1midsiy] — dopmupoBaHue M300paxeHUs, OTOOpaxeHue, IMOoJydeHue
U300pakeHus, BU3yaau3alus

imaging sensor [1midsip 'senso] — gaTuyMK M300OpaxkeHus, TPUOOP OOHAPYXKEHUsI,
MaTYUK CUCTEeMBbl (DOPMUPOBAHUS M300paKeHUI

immunity [1I'mjuiniti] — UMMYHHMTET, HEBOCHPUUMYUBOCTb, YCTOMYMBOCTD, 3alllM-

IIEHHOCTb

impediment [1m'pedimont] — npensircTBue, IIoMexa, 3aTpyIHEHUE, 3aaepXKKa, Ipe-
MoHa

imply [1m'plai] — 3akimoyaTh B cebe, 3HAYUTh, IIOApaA3yMeBaTh, MPENNOJaraTh,

UMETh CJIeICTBUEM

impose limitations on [1m'pouz limr'terfonz on| — Hajmarath orpaHUYEHUsT Ha

improbable [1m'probabl] — HeBepOSTHBINM, HENPaBAONOIOOHBIA, MaIOBEPOSITHBIA,
MPAKTUYECKU HEBO3MOXHBINA
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impurity [1m'pjuariti] — npumech (nexcesamenvuas), BKIOUeHUEe (nocmoporee)

impurity-doped [1m'pjuaratidoupt] — JierupoBaHHBI, JISTUPOBAHHBIA MPUMECHIO

impurity-doped crystal [im'pjuaratidoupt 'krist(e)l] — KpucTamt o mpumMecaMu

in a stepwise fashion [ino'stepwaizfef(o)n] — cTyneHssMu, MOCTENMEHHO, 1Iar 3a Ia-
oM

in addition [mno'dif(9)n] — B noGaBiaeHUE, K TOMY XK€, CBEPX, KPOME TOTO

in any case [in'enikeis] — Tak win mHave, B TIOGOM cilydae, MpPH JIIOOBIX 006CTOsI-
TEJIbCTBAX

in broad terms [inbro:d 't3:mz] — B HeaoM, B 061IMX YepTax

in certain cases [Ins3:t(o)n 'keisiz] — B OTAEABHBIX CIIy4asix, B psijie cydaeB

in concert with [in'konsat wid] — Bo B3aUMOOEUCTBUM C, COIIACOBAHHO C, BMECTE C

in contrast to [mn'kontra:st to] — B oTIM4Me OT, B IPOTUBOMOJIOXHOCTh, HA000POT,
HaIIPOTUB

in doing so [in'du:iny sou| — mpu 3TOM, € 3TOH LE/IbIO

in either case [in 'ai0skeis|] — B o6oux ciaydasix

in fact [in'feekt] — pakTUUecKU, B AEHCTBUTEILHOCTH, HA CAMOM JI€jie

in general [in'dzen(9)r(9)l] — BooOI11Ee, OOBIYHO, B OOJILILIMHCTBE CJIydaeB, KaK Ipa-
BUJIO

in general terms [indsen(a)r(a)l 't3xmz| — B 061IMX YepTax, BOOOILE TOBOPsI, BOOOIIIE

in more detail [1n,mo: 'diiterl] — Gonee netanbHO, Gosiee MOAPOOHO

in operation [nop(s)'rerf(e)n] — B HedCTBUM, B IKCIUTyaTallMU, HAXOASIIUICS B
AKCILTyaTallui, UCIIOIb3YIOIIUICS

in order to [1n'0:ds ta] — YTOOKI; C LIEIbIO; 3aTEM YTOOBI; IJis TOTO, YTOObI

in particular [mpa'tikjalo] — B yacTHOCTU, B OCOOEHHOCTU

in principle [in'prinsopl] — B puHILIKIIE, B OCHOBHOM, IO CYILIECTBY

in series [In'siori:z] — coenMHEHHDII MMOCIENOBATENLHO (00 21eMeHnmax)

in terms of [in't3:mzov] — ¢ yuéToM, B IIaHe, B CMbICJIE, C TOUKM 3PEHUSI, HA OCHO-
BaHUM

in turn [in't3:n] — B cBOIO oYepenb, MOOYEPETHO

in use [InYju:s] — KCIIOAB3yEMBbIil, HAXOSIUIICS B yIOTPEOIeHUMN

in volume [in'voljuim] — B MAcCOBOM KOJIMYECTBE, B OOJIBILIOM KOJIMYECTBE

inauguration [1no:gjo'rerf(a)n| — TOpKeCTBEHHOE OTKPBITUE, BCTYIJICHUE B JOJIK-
HOCTh, O3HAMEHOBAHNE Havaja

incandescent lamp [ nken'des(o)nt 'lemp]| — nammna HaKaJIMBaHUSI

incident ['insid(e)nt] — nagaronmii (ranp., o ayue)

incident light [nsid(e)nt 'larit] — mamatommii cBeT

incident radiation [,nsid(e)ntrerdr'erf(a)n] — nagaroniee u3aydyeHue

incident wave [, nsid(e)nt'werv] — nanmaroiiasi BojiHa, rpsiMasi BOJIHA

incoherent light [ nkou'hior(e)nt 'lait] — HeKorepeHTHBIN CBET

incoherent source [ nkou'hior(e)nt 'sois] — HEKOrepeHTHBI UCTOYHUK

incoming beam ['Inkamiy 'birm| — magarommii Jyd, nagaronmii My4oK

incoming ray ['mkamip'rer] — BXomsiumii Jiyq

increase ['inkri:zs] — Bospacranue, ysenmuyenuwe | [m'kriis] BospacTartb,
YBEIUUUBATH(CS)

independent of [ndr'pendantav] — He3aBUCSIIUI OT, HE3aBUCUMO OT

index of refraction ['indeks ov r1'freek((a)n] — nHaexc nperoMieHust, KOapPULueHT
pedpakum, moKazaTeiab JIydeIpeIOMICHUS
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indicate ['indikert] — yka3biBaTh, IMOKa3bIBaTh, 0003HAYATh, O3HAYATh, CBUIETE/Ib-
CTBOBaTh

indigo ['Indigou] — nBeT MHAUTO (CUHe-puosemoasbLil), TEMHO-CUHUIA 1IBET

indirect bandgap (= indirect band gap) — 3amnpeliieHHast 30HA C HETIPSIMBIMU TIepe-
XOIaMU

indirect bandgap semiconductor [indr'rekt 'beendgeepsemikon'dakta] — mpumec-
HBIU TIPOBOTHUK, HECOOCTBEHHBIN ITPOBOTHUK

induce [in'djuis] — nHOyLHMpPOBaTh, HABOAUTH, BO30YKIATh

industrial laser [indastrial'le1zo] — MpOMBINITICHHBIN Jla3ep, TEXHOJIOTUYSCKUI J1a-

3ep

industrial television (/7'7) [indastrial 'teliviz(e)n| — MpOMBINIJICHHOE TeeBUIC-
HUE

inefficient [nr'fifont] — MajzonpomyKTUBHBINA, HeaDHOEKTUBHBIN; HEAOCTATOUHBINH,
cJ1a0bIid

inertial fusion [1,n3:[(9)] 'fjuiz(e)n| — simepHBIN CUHTE3 ¢ MHEPLIMOHHBIM yIep>KaHU-
€M IUIa3MBI, MTHEPIINATbHO-TePMOSIICPHBII CUHTE3

inexpensive [, nik'spensiv| — HeMOPOTOIA, ACIIEBBIN

infinite ['infinot] — GeckoHeuYHbI, HeonpeaeaEHHbINA, OECYNCACHHbIIA

infinitesimal [ nfinr'testm(a)l] — upe3BbIYATHO MaJbIi, 6ECKOHEYHO MaJIbIit

information density [info'meif(e)n 'densiti] — MJIOTHOCTH TTOTOKAa MHMOPMAIUH,
IUIOTHOCTH MHMOPMAITNHT

information technology [ nfa'meif(a)n tek'nolodsi] — mHGOPMaLIMOHHAS TEXHOIO-
rust, nHGOpMaThKa

infrared light [ nfra'red 'larit] — nHdpakpacHoe usaydeHue, MHGpPaKpPacHbBI CBET

infrared photon [nfra'red 'fouton] — nHdpakpacHbIt GoTOH

ingenious [in'dziinies| — u300peTaTeNbHbINA, UCKYCHbBIA, OPUTMHAIbHBINA, HEOPIM-
HapHBIN

inherently [in'her(o)ntli] — HeoTbeMIEMO, IO CYTH, [0 CBOEMY CYILIECTBY, B CBOEI
OCHOBE

inhibit [in'hibit] — mpensTcTBOBaTH, MOAABISATH, TOPMO3UTD, 3aACPXKUBATh, 3aME-
JISITh

inhomogeneous [inhouma'dziinies] — HEOTHOPOIHBIN, HEPAaBHOMEPHBIN, TeTepo-
TEHHBIN

initial [I'nif(9)l] — HaYaNbHBIA, UCXOMHBIIA

initiate [r'nifiert] — HaymMHATL, MHULKMUPOBATH, IMPUCTYIATh, MOJOXUTb HAYaJo;
CTUMYJIMPOBAThH

injection [in'dzek[(o)n] — MHXeKIMs, BIIPHICK, BBEICHUE

injection laser [in'd&ekf(a)nle1zo] — MHKEKIIMOHHBIN Jla3ep, ONTUYSCKUNA WHKEK-
LIMOHHBIA KBAHTOBBLIU T€HEPATOP

inorganic solvent [,ino:'geenik 'solvont] — HeopraHU4eCKUil pacTBOPUTETh

input power ['Imputpaus] — MOIITHOCTb Ha BXOJe

inquire into [m'kwarorinta] — McciaenoBaTh, pacciaea0BaTh

insensitive to [mn'sensotiv td] — HEYYBCTBUTEIbHBIA K, HEBOCIPUMMYUBBIA K,
WHEPTHBIN

insert [In's3:t] — BcTaBISATh, BKIIOYATh, IIOMEIIATD

insignificant [ nsig'nifik(e)nt] — mMayocyiecTBeHHbIN, HE3HAUUTETbHBINA, HUUTOX-
HO MaJIbIA
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install [in'sto:l] — ycTaHaBIMBaTh, MOHTUPOBATh, COOMPATh

installable [in'sto:lobl] — ycTaHaBaMBaeMblil, TPEOYIOIIMI YCTAHOBKHU, Pa3peLIEH-
HBIA K YCTaHOBKE

installation [ nsto'lerf(a)n| — ycraHOBKa, MOHTaX, cOOpKa

installer [in'sto:lo] — MOHTaXXHUK, COOPILUK, COOPOYHOE IIPUCIIOCOOICHUE

instantaneous [,nston'teinios| — MrHOBEHHBI, MOMEHTAILHBIN, HEMEIJICHHBIM

instantaneous disturbance [nston'teinios di'st3:b(e)ns] — MTHOBEHHOE BO3MYIIIE-
HUE

instantaneous rate [Inston'teinios 'reit] — MOMEHTHBIN TMOKazaTenb (xapaxme-
pusyrouuil siéaeHue Ha OaHHbLIL MOMeHm), TEKYII TToKa3aTelb

instead of [in'stedov] — B3amMeH, BMeCTO

instrument ['mmstromont| — anmnapar, npudop, U3MEPUTEIbHBIIA TTPUOOP

insulating crystal [nsjolertin 'krist(e)l] — KpucTaain nuajieKTprKa, KPUCTAL U30-
JIsITOpa

insulator ['mnsjolerta] — U30JATOP, U30AUPYIOIIEE BEIIECTBO, TUDIEKTPUK, U3O0JISLIMS

intense [in'tens| — MHTEHCUBHBIN, CUIbHBIN, HATIPSIKEHHBIA

intense light [intens 'lait] — HHTeHCMBHOE U3NTyYeHUE, CUIIbHBINA CBET

intensity [mn'tensoti] — HMHTEHCHMBHOCTb, HAMNPSLKEHHOCTb, SIPKOCTb, ILJIOTHOCTb,
cmia cBeta, (DOHOBAsI MHTECHCUBHOCTD

intensity-dependent light transmission — ynpasisieM0oe CBETOUCITyCKaHUE

inter-city [ nta'sitr] — MeXTOpPOICKOI, MEXKITyTOPOTHUI

interact [, ntor'aekt| — B3aumMomeiicTBOBaTh

interaction length [ ntor'aek[(a)n len®] — mmHa B3anmoneiictBus (vacmuy;)

interconnection [ ntoka'nekf(a)n] — B3anMoCBs3b, MEXKCOETUHEHNE, COSTUHEHUE

interestingly ['Introstinli] — 4TO MHTEPECHO; MIPUMEYATE/ILHO, YTO; UHTEPECHO TO,
qTo

interfere [ nto'fia] — uATEpeprpoBaTh, IPEMSITCTBOBATD, OBITH TTOMEXOM

interference [nto'fior(e)ns| — nHTephepeHIsI, B3aMMOIeHCTBHE

interference band [, nto'fior(e)ns 'beend]| — nHTepdepeHIIMOHHAs TIoJIoCca

interfering beam [ into'fiory 'birm| — uHTEphepUPYIOMINIA TTyd4OK

intermediate state [ nto'mirdiot 'steit] — mepexomHoOe COCTOSTHUE, MMPOMEXKYTOYHOE
COCTOSTHUEC

internal quantum efficiency [in't3:n(a)l kwontom r'fif(e)nsi| — BHyTpeHHUI1 KBAaHTO-
BBII BBIXOI, BHYTPEHHSISI KBaHTOBas 3(P(PeKTUBHOCTD

internal reflection [int3:n(a)l rr'flekf(a)n] — BHyTpeHHee OTpakeHUE, TTOJHOE BHY-
TpeHHEee OTpakeHUE

intersect a plane [ nto'sekt o'plein]| — mepecekaThb MJIOCKOCTD

intra-city network [ ntra'sitr 'netws:k| — BHyTpHuropoackasi cetb

intracavity [ ntro'keevoti] — KioBeT, BHYTPEeHHHMI pe30HATOpP, BHYTPUPE30HATOPHOE
YCTPOICTBO (Hanp., modyaamop dobpomuocmu) || BHyTpUpE30HATOPHBLIA

intracavity reflection losses [, ntro'keevatr rr'flekf(a)n,losiz] — BHyTpupe3oHaTOpHbBIE
MOTePU Ha OTpakeHME

intracavity shutter [ intro'kaevati '[ata] — BHyTpUpe30HATOPHBIN (6HYMPUNOAOCHOIL)
3aTBOP

intrinsic [in'trinzik] — BHYTpeHHMII, COOCTBEHHbII, MPUCYIINI, CBONCTBEHHBIH,
NIEVICTBUTEIIbHBIN

intuitive [In'tjurtiv] — HADISIAHBIN, UHTYUTUBHBINA, OACO3HATEIbHBII
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inverse ['mmva:s, m'vais| — MPOTUBOIIOIOXHOCTD, IIPOTUBOIIOIOXHOE YCJIOBUE WU
COCTOSTHHME, OOpaTHBIM »(ddeKT; oOpaTHAsI ITOCIEIOBATEILHOCTD, OOpaTHBIN
MOPSIOK || 3aMEHSATH HAa IIPOTUBOITIOIOKHOE WM 00paTHOE, 0Opallath || IpoTH-
BOTIOJIOXKHBIN, 0OpaTHBI, 0OpalllEHHbBINA

inverse relation [,nvs:s rr'lerf(e)n] — obpaTHast 3aBUCUMOCTD

investigate [In'vestigert] — mcciaemoBaTh, paccieqoBaTh, U3y4aTh, 00CIEI0BATh

investigation [inyvesti'ge1f(a)n| — ucciienoBaHue, aHaIu3, OLICHKA

investigative [in'vestigotiv]/[-geitiv] — McciienoBaTeIbCKUiA, MBITIMBLINA, JI0003HA-
TEIbHBINA

investigator [in'vestigeito] — ciiemoBaTellb; UCCIEA0BATEN b, UCILITATENb

invisible radiation [in'vizoblrerdi'erf(e)n] — HeBUIMMAs paguaivsi, HEBUAUMOE W3-

JIy9cHUE

involve [in'volv] — KacartbCsi, 3aTparuBaTth; BKJIIOYATh B ce0sl, ComepKaTh; IMOApa3y-
MeBaTh

ion concentration ['aronkons(o)n'trerf(a)n] — MOHHasT KOHIIEHTPAIIWSI, KOHIICHTpA-
ST MOHOB

ion laser ['aton,leizo] — onTHYecKUii KBAaHTOBBIM MOHHBII TeHEpaTOp, Jla3ep Ha UO0-
HU3UPOBAHHOM ra3e, MOHHBIN Ja3ep, MOHHBINM Ta30BhIi Jla3ep

ionic [a1'onik] — MOHHBII

ionized gas [,aronaizd'ges| — MOHM30BaHHBIN Ta3

irradiance [1'reidions| — usnydeHue, sHepreTMdeckasi OCBEIIEHHOCTD, O0IydYeHUE,
MHTEHCUBHOCTD M3IYICHUS

irradiant [1'reidiont]| — cBeTSIMIACS, U3TYYAIOLINIA

irradiate [r'rerdiert] — oGiy4ath, U3J1y4aTh, UCIYCKATD JIy4K

irradiation [rreidrerf(e)n] — uppaguanms, JydercrnycKaHue, U3JrydeHHe

irradiator [1'reidierto] — oGiyyaTeb, U3IydaTellb

irrelevant [r'relov(o)nt] — HEyMECTHBII, He OTHOCSIIIUIACS K ey, He UMEIOLIUI OT-
HOIIICHUSI, HECYIICCTBCHHBIN

isoelectronic [aisoutlok'tronik| — M303JIEKTPOHHBII, C PABHBIM YHCJIOM 3JICKTPOHOB

isotropic [aisou'tropik] — M3OTPOITHBIN, OOIATAIOMINI OMTVMHAKOBBIMUA CBOWCTBAMU
BO BCEX HAIIPaBJICHUSIX, OMHOPOITHBIN

isotropic media [arsou'tropik 'mi:dio] — U30TpOITHBIEC CpeIbI

issue ['1fuz] (Am.), [1sjuz] (Br.) — npeamMeT 0OCYXIEeHHUS, CIIOPHBII BOIIPOC, BOIPOC,
npobieMa, 3amada

J

Jet Propulsion Laboratory — nadopatopusi peakTuBHbIX npuratesneit (CIIIA)

jet stream ['dGetstrizm] — cTpyitHOe TeueHUe, peaKTUBHAsI CTPYs

joule [Bu:l] — mxoynb (AX) (edunuua uzmepenus pabomet, sHepeuu, Koaru4ecmea
menaomet)

junction ['&Gapkf(a)n] — mepexon, coenvMHeHNe

junction region ['&Gankf(o)nrids(o)n] — obaacTh nepexona

K

keep to ['kiipto] — npuaepXKUBATHCSI, HE OTKJIOHSThCSI
Kerr cell — gueiika Keppa, keppoBckas sdeiika, anemeHT Keppa, onruueckuii 3a-
TBOD
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Kerr-cell Q-switching — Momyssains 1OOGPOTHOCTH ¢ TTIOMOIIBIO stueiiku Keppa

key concept [ kir'konsept] — KitoueBoe TTOHSITUE, KITIOUeBasT KOHIICTIIIVST

key factor [ kir'feekto] — mraBHBIN KpuUTepuii, KiIto4eBO HakTop

kilohertz (kHz) ['kilouhs:ts] — kunorepir (kIir)

krypton (Kr) ['kripton] — KpunToH

KTP (potassium titanyl phosphate, KTiOPO,) — xammii-tutanuia-docdar
(KTII)

L

lantern ['leenton] — doHapb

large-scale [ la:dz'skeil] — kpynmHoMaciTabHbIN, ITUPOKKUIA, MaCCOBBIT

largely ['la:dsli] — B 3HauMTenbHOI cTerieHU, B OObIIEN Mepe, ITTaBHBIM 00pa3oM

laser beam ['le1zobiim] — y1a3epHBIN MYyYOK, JTa3ePHBIN JTyd

laser beam deflector ['leizobiim di'flekto] — nazepHsblii nedekTop

laser cavity ['leizokaevoti] — na3epHbIii pe3oHATOD

laser cavity configuration ['leizokavot1 kon figju'rerf(o)n] — cxema nazepHoro pe3o-
HaTopa

laser cutting ['leizokatin] — nmazepHas pe3ka

laser deposition ['leizo,depa'zif(o)n], [ dirpo-] — nazepHOe HaHeceHUe, Ja3epHOE Ha-
MbIJIEHUE, JIa3epHOE OCaXIeHUE

laser diode ['leizo,daroud]| — nazepHbIil MO, MHXEKIIMOHHBIN J1a3ep, TUOMHBIN Ja-
3ep

laser efficiency ['leizorr'fif(e)nsi] — ki 1azepa, acpdekTUBHOCTD J1azepa, Koabhu-
LIMEHT TIOJIE3HOTO JACHCTBUS Jla3epa

laser engraving ['leizorin'grervin| — sazepHoe rpaBUpOBaHUE

laser frequency ['le1zo 'fritkwonsi| — gacToTa reHepallny Jla3epa, 4acToTa Jla3epHO-
TO U3JIy4eHUs!

laser frequency shifter ['leizofritkwonst '[ifto] — ycTpoiicTBo ciaBura yiazepHoii ya-
CTOTBI

laser gain ['leizogein] — KoaddulmeHT ycuieHus jJa3epa, yCUjieHue Jiazepa

laser imaging ['leizor Tmid3iy| — nazepHoe hopMUpoBaHUE M300pakKeHUH, Jla3ep-
HOE DKCIMIOHUPOBaHUE

laser levels ['leizolev(0)lz] — aHepreTMyecKue ypoBHHU Jiazepa

laser medium ['leizomi:diom] — akTuBHOE BEIIECTBO Jia3epa, Ja3epHasl aKTUBHas
cpena

laser oscillation ['leizorosr'lelf(9)n] — reHeprpoBaHe JIa3epHOTO U3TyYeHUs

laser output ['leizorautput] — BbIXOZHAs MOIITHOCTb Jia3epa, BHIXOAHOW CUTHAJ Ja-
3epa

laser pulse ['leizo,pals] — azepHbIil UMITYITBC

laser pulse intensity ['le1zo,pals m'tensoti] — MHTEHCUBHOCTD JIa3€PHOTO UMITYJIb-
ca

laser rangefinder ['leizo 'reindz faindo] — nazepHblii naTbHOMEDP

laser rod ['leizo,rod] — cTepskeHb aKTUBHOTO BeIllECTBa Jia3epa, CTepxKeHb Ja3epa

laser safety [ leiza'serfti] — Mepnl Oe3onacHOCTH TIpU paboTe ¢ JazepaMu, Oe3ormac-
HOCTb IpM paboTe ¢ Jiazepamu, jJa3epHasi 0e301MacHOCTh

laser setup [ le1zo 'setAp] — nazepHast yctaHOBKa
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laser source ['leizosois] — onTUYECKMII KBAHTOBBIN TeHeparop, Jasep, Ja3epHbIii
MCTOIHHUK

laser transition ['leizo treen'zif(o)n] — na3epHblil Iepexo, TeHEPALMOHHBIA mepe-
XOII B Jlazepe

laser welding [ leizo 'weldin| — nazepHasi cBapka, cBapkKa Ja3epHBIM JIy4OM

laser-diode array ['leizodaroud a're1] — nuMHelKa Ja3epHBIX TUONOB

laser-propelled spacecraft ['leizopropeld'sperskra:ft] — KocMudeckwmii ammapar c
JIa3epHBIM IBUTATEIIEM

lasing ['leizin] — reHepalus KOrepeHTHOIO ONTUYECKOIO M3JyYEHUsI, reHepalus
JIa36PHOTO M3IYYCHUS

last pulse mode — n3MepeHne TATBHOCTH IO TTOCICAHEMY UMITYIIBCY

lattice ['leetis] — pewéTka, MpOCTpaHCTBEHHAS PELIETKA, KPUCTA/UIMYECKAST PELIETKA

lattice defect ['leetisdi:fekt]/[dr'fekt] — nedekT B peuiérke, nedekT perméTku

lattice structure ['letisstraktfo] — cTpykTypa KpUCTAIMYECKOM PEIIETKU, CTPYKTY-
pa pelmeéTKu

launch [lo:ntf] — myck; Bo3GyxneHue (6oaubt) || 3amycKaTh, IPOU3BOAUTD 3aIIyCK;
BO30YXKIaTh (80.1HY)

law of rectilinear propagation of light ['lo:av rektr'linia propa'gerf(a)nav'lait] — 3akoH
MIPSIMOJIMHEITHOTO pacIpOCTpaHEeHUST CBETa

lay optical fibre cable ['ler 'optik(a)l faiba 'keibl] — nmpokianbpiBaTh BOJTOKOHHO-OTI-
TUYECKUI Kabelb

lead (Pb) [led] — cBuHen

lead molybdate (PbMoO,) [led mo'libdert] — monuGaaT cBUHIIA

leading edge ['li:dineds] — nepenHuit GpoOHT BOJIHBI (umnyabea)

leading edge of research [li:dipeds ri'ss:tf] — mepenHuit GpPOHT MccaeIOBAaHUM,
TepenoBEIe UCCIIeIOBaHMUS

learned ['13:n1d] — y4€Hblii, 5pyAMpOBaHHbIN, 3HAIOIIMIA

lengthen ['lenOon| — yaIuHATBCS, YIJIMHITD

lidar (light detection and ranging) ['laida:] — numap, METEOPOJIOTMYECKUI J1a3ep-
Hbili 1okatop MK-nnamazona

life sciences ['laifsaronsiz] — Menuko-GuoIOrHYecKre HayKu

lifetime ['larftarm] — Bpemst XXKu3HuU

light amplification by stimulated emission of radiation [laitzemplifikerf(a)n bar
'stimjoalertid r'mif(a)n av,reidrerf(a)n] — ycuiieHre cBeTa ¢ TOMOIIIbIO UHIYIIUPO-
BAaHHOTO M3JIYYCHUSI, Ja3ep

light bulb ['laitbalb] — anexrpuyeckast jamiia;
a distant light bulb — ymanéHnast sanekTpudecKas jJamIia

light spot ['laitspot] — cBeTOBOE TIATHO

light streak ['laitstrizk] — mosoca cBera

light-carrying fiber ['laitkeeriy 'faiba] — onTuyeckoe BOJOKHO, CBETOBOM, CBETO-
TIPOBOI,

light-emitting diode ['lart rmitiy) 'daroud] — cBeTonmMonm, cBeTOU3TyYaIOIIMA TUO

likewise ['laitkwaiz] — momoGHO, MOAOOHBIM 00Pa30M, TaKXKe

limit ['limit] — mpenen, rpaHuua || ycTaHABIMBAThL IPENE)I, OrPAHUYMBATD

limitations [ limr'telf(a)nz] — orpaHuYeHsI, HEMOCTATKU

linear absorption ['linio ab'zo:pf(9)n] — nuHelHOE TTOTJIONIEHUE

linear function ['linis 'fank((9)n] — nuHeiHas GYyHKLMS, IPIMOIMHERHAS (DYHKLINS
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linear polarization ['linre,psul(e)rar'zelf(a)n] — JuHeHas TTONSIpU3ALINAS

linearly polarized ['lin1alr 'poul(e)raizd] — nMuHETHO MOISIPU3OBAHHBIN

linearly polarized beam ['linralr 'paul(o)raizdbiim| — AUHEHO-MONSIPU3OBAHHBII
Tyq

linewidth ['lainwidO] — mMpuHa TMHUK, IMUPUHA CIEKTPATbHON JTUHUKA

liquid [likwid] — XXMIKWIA, XUIKOCTHBIN || XKUIKOCTD

list [List] — CIKMCOK, MmepeyYeHs || COCTAaBIATh CIIUCOK, MEPEYUCIATh, 3AHOCUTD B CIIH-
COK

listed company | listtd'’kampani] — odulMaTbHO 3aperuCcTPUPOBaHHAST KOMITAHUS,
JIMCTUHTOBAs KOMITaHUSI, 3apeTUCTPUPOBaHHAS Ha OMpPXKe KOMIIAaHUS

living tissue [ livip'tifur/-sju:] — xuBas TKaHb

locate [lou'kert] — pacmojaraTb, pa3MellaTh, 00HAPYKMUBATh, yCTAHABIMBATb MECTO-
HaxOXICHIE

location [lou'keif(a)n] — MecTo, pacrojiOXeHHEe, MEeCTOHAXOXICHHUE, I10JI0XEHUE,
sg4enka

locator [lou'keita] — JloKaTop, yCTPOICTBO OOHAPYKEHMS

long reach [ lon'ri:tf] — mry6okoit nocsiraeMocTH, JajIbHE# JOCSITaeMOCTH

long-distance communication system |[lon'dist(o)ns komjuini'kerf(a)n 'sistom] —
CHCTeMa CBSI3M Ha OOJIBIINE PACCTOSIHUS, CUCTEMa TaJIbHEH CBSI3U

long-distance transmission [lon'dist(e)ns trenz'mif(a)n] — nmepenavya Ha nanabHUE

PACCTOSTHUS

long-haul network [ lon'ho:l 'netwsik] — ceTh majabHel CBSI3U, CETh IIMPOKOTO OXBa-
Ta

long-haul transmission [lon'ho:l treenz'mif(e)n]| — mepemaya Ha gajibHUE PACCTOSI-
HUS

long-sightedness [,lon'saitidnas| — maqTbHO30PKOCTH

look into ['luk inta] — uccnenoBars (Hanp. éonpoc), U3ydatb, paccCMaTpUBaTh

losses |['losiz] — morepu

lossy |['losi] — moryckaroliuii mOTepu, ¢ OOJBbLIMM 3aTyXaHUEM, pacCerBalOLIMIA
SHEPTUIO

low bit rate [ lou'bitrert] — HU3Kast CKOPOCTH Mepeaadyr NHGOPMaALTUU

low cost [ lou'kost] — HM3Kass CTOMMOCTh

low-impedance output [ lou im'pi:d(e)ns 'autput| — HU3KOE BBIXOMHOE COMPOTUBIIC-
HUE

lower laser level [ lous 'lerzolev(s)l] — HMKHWMIA JTa3epHBINA YpPOBEHb

lumen (Im) ['luzmen] — moMeH (M) (eduruya ceéemosoco nomorka ¢ CH)

luminosity curve [ luimi'nosstik3:v] — KpuBasi BUTHOCTU, KPUBasi OTHOCUTETLHOM
CIIEKTPAJIBHOM CBETOBOU 3(D(PEKTUBHOCTH

luminous ['luimines| — cBeTSALIMIACS, OCBEIIEHHBII

lunar ranging ['luins 'reind3in| — oKauus JyHbI, U3MEPEHUE OATbHOCTU 10 JIyHbI

M

made of ['merdov] — caenmaHHbIN U3

made up of ['meid'Apav] — cocTosiiuii U3, B cocraBe

magical ['medsik(a)l] — KOIIOBCKOI, CBEpXbEeCTECTBEHHBIM, BOMIICOHBIN, Maruie-
CKUM
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magnetic field [megnetik 'fi:ld] — maruuTHOE T0JIE

magnification [ megnifi'kerf(a)n] — yBenuuenue (uzob6paicerst)

magnification of the transmitter telescope [magnifikerf(o)n ovdo treenz'mito
'teliskoup] — yBenuyeHue TelecKomna rnepeaaTynka

main highway loop [,mein'harwerluip] — ocHOBHast KOMMYHUKAIIMOHHASI CETh KOM-
meloTepa

maintain [mein'tein] — noaaep:KUBaTh, COXPAHSIThH

maintenance ['meint(o)nons| — comepkaHue U TEXHUYECKOE OOCIYKMBaHUE, YXOI;
TEeKYILIUA PEMOHT

major drawback [ meidso 'drotbaek| — ocHOBHOII HemocTaToK

major factor [meidso 'feekto] — Bemymmii hakTop, OCHOBHOM (hakTOp

make a big leap forward ['meikobig'lizp forwad| — cnenath GoJybIION IIar Bepén

make an appearance ['meika'pror(o)ns] — MOSIBISITHCS

make an assumption ['meikon o'sampf(o)n] — cmenaTh NpearnoaoXeHue, J0MyCKATh

make an attempt ['meikon o'tempt| — cmeaaTh HOIBITKY

make appeal to ['meik o'pi:lto] — oGpaiuarbcst, mpubderath K

make distinction between ['meik dr'stinkf(o)n br'twiin] — mpoBoguTh pasziuuue
MEXIy, IeJIaTh Pa3IMIns MEKIY

make measurements ['meik 'mezomonts| — BBIITOJIHITh U3MEPEHUSI, IIPOU3BOAUTD
N3MEPCHUS

make possible ['meik'posabl] — gaBaThb BO3MOXHOCTb, 00€CIIEUNBATH BO3MOXHOCTD,
JIeJIaTh BO3MOXHBIM, CIIOCOOCTBOBATH

make sense ['meik 'sens| — UMeTb CMBIC], OBITH pa3yMHBIM

make use of ['meik 'juisov] — ucmnoap3oBaTh, IPUMEHSITh, YIIOTPEOISITD

manifest itself ['menifest 1tself] — BbIpaxkaTbcsi, BbIpa3uTbCsl, OOHAPYXKUBATHCS,
TIPOSTBIISATHCS

manifestation [ manifes'terf(o)n| — nmposiBeHNEe

manifold ['manifould] — MHOroo6pasme, MHOXECTBO, COBOKYITHOCTh || MHOT00G-
pa3Hblii, pa3HOOOpa3HbIli, pa3HOPOOHBII

manufacture | menjo'feektfo] — u3roroBneHue, MPOU3BOACTBO

manufacturer [ menjo'feektfora] — MpoU3BOAUTENb, U3TOTOBUTED, MPEANIPUATHEC-
N3TOTOBUTETH

manufacturing [meenjo'feektf(a)rin] — IPOU3BOICTBO, U3TOTOBJIECHUE || MPOU3BOI-
CTBEHHBII, MPOMBIIICHHBIN, TEXHOJOTNYECKUA

march in lockstep ['ma:tfin'lokstep] — 1aratb B HOry TECHbIM CTPOEM

margin for error ['ma:din for'era] — npenen NOrpelIHOCTH, JOIyCTUMAs ITOrPeEL-
HOCTh

market penetration ['ma:kit,penr'trerf(a)n] — IPOHUKHOBEHHWE HA PHIHOK, BBIXOI Ha
PBIHOK COBbITa

market presence ['ma:kit 'prez(o)ns| — IpUCyTCTBUE Ha PbIHKE

mass range ['masreind3] — 1ManaszoH MacCcoOBBIX YMCE

master ['ma:sto] — sTajoH, oOpasell, MOIE/b

master oscillator power amplifier (MOPA) ['ma:storosilerts 'pausrgemplifare] —
YCUJINTEITb MOIITHOCTH 3aJaf0IIero reHepaTopa

match [mat]] — compskeHue, codeTaHKe, COOTBETCTBUE, CONIACOBAHME | COMpsI-
raTb, COYCTaTh, COTIACOBBIBATh, COOTBETCTBOBATH

material selection [mo'tiorial sr'lekf(a)n] — BEIGOP MaTepHaioB
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mature [mo'tfus] — Ha3peBIUMIA, 3pesiblil | COBEPIIEHCTBOBATH(CS), CTAHOBUTHCS
3peJTbIM

maximum (pl) maxima) ['meksimom]| (|'meeksims]) — MakcuMajibHOE 3HaYeHUE,
MaKCHMYyM, BEPXHUI Ipement

meanwhile [ mimn'wail] — Mexay Tem, B TO Xe BpeMs

measure ['me3s] — Mepa, KPUTEPUIA; eIMHUIIA U3MEPEHUS | MEPUTD, U3MEPIThH

measurement ['mezomont] — 3amep, wusMepeHue (onpedeseHue 3HAUEHUS
8eau1UHbL)

mechanical strength [mr'keenik(o)lstren®] — MexaHmveckass MPOYHOCTb, MPOY-
HOCTb

mechanically [mi'keniksli] — MexaHudeckun

mechanically induced strain waves [mi'keenikolr m'djust 'streinwervz| — BOJHBI
YIIPYTOCTH, HABOAUMBIC MEXaHUICCKUM ITyTEM

medium (pl) media) ['mirdiom] (|'mi:dia]) — cpena

megawatt (MW) ['megowot] — meraBart (MBT)

mercury |['m3:kj(o)r1]/['m3s:kjuri] — pTyTh

merge into ['m3:dzinta] — cTaTh YacThio

metal-wire communication system ['met(o)lwaro komjuinrkerf(e)n 'sistom| — Ka-
OebHasI CUCTeMa CBSI3U

metrology [me'trolod3i] — MeTpoJsiorusi, cucTemMa Mep U BECOB

microphotography [maikro(u)fa'togrofi| — MukpokonupoBaHue, MHUKpo(OTOrpa-
dupoBanue, Mukpodororpadus

microresonator | maikro(u)'rez(s)nerta] — MUKpOpe30HATOP

microwave holography ['maikro(u)werv ho'lografi] — CBY-ronorpadusi, cBepXBbI-
COKOYACTOTHAasI ToIorpadust

microwave technology ['maikra(u)werv tek'nolodsi] — CBY-TexHuka

middle infrared ['midlnfro'red] — cpenHeBomHOBast UK-06macth criekTpa

milliwatt (mW) ['miliwot] — MmwimuBaTT (MBT)

miniature ['mimnotfo] — MUHMATIOPA, YMEHbIIEHHAs KOIMUsS | MUHMATIODHBIA, Ma-
JICHbKU

miniaturize ['minstf(s)raiz] — yMeHbILIaTh pa3Mepbl, MUHUATIOPU3UPOBATh

minimum (pl) minima) ['minimom]| (|'minims]) — MUHUMAaJIbHAS BeJIMYMHA, MUHU-
MYM, HHU3IIWI TIpenet

minimum quantity ['mmimmom 'kwontotl] — MUHUMaJIbHAST BEITMYMHA

minute [mar'n(j)u:t] — MeaKuiA, MeJIbYaAMILINA, HE3HAYNUTEIbHbIN, KPOILIEYHbIMA, He-
CYILECTBEHHBIMN

mirror-folded cavity design ['miro fouldid 'keevotr dizain| — 3epkaibHast KOHCTPYK-
OUsT C M3JIOMOM OCH

mixed crystal [ mikst'krist(a)l] — KpucTay1 TBEPAOro pacTBOpa, CMEIIaHHBIA KpH-
cTaJn

mixing ['miksin] — cMellleHre, CMeIIMBaHUE, IIepeMelIBaHue

mode [moud] — Moaa, TN KojedbaHui

mode of operation ['maudov,op(a)'re1f(a)n] — pexXrM pabOThI, PEKUM IEUCTBUSI

mode-locked laser ['moudlokt leiza] — nazep ¢ cuAXpoHU3aLMeit MO, Ja3ep, pabo-
TAIOIINI B PEKMME CHHXPOHM3AIUHN MO]I

mode-locked laser system ['moudlokt 'lerzosistom| — 1a3epHasi ccteMa ¢ CHHXPO-
HU3aluel Mo,
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mode-locker ['moudloko] — CMHXPOHM3AaTOP MO/, YCTPOMCTBO CUHXPOHU3ALIMU MO/
mode-locking ['moudlokin] — cuHXpoHU3aLMSI MO,

modulated beam ['modjulertidbizm] — MomyTMpOBaHHBIN My4OK, MOIYJIUPOBAH-
HBIN JIy4

modulated beam rangefinder ['modjulertid bizm 'reind3zfainds| — da3oBblii JaBHO-
Mep

modulated continuous wave ['modjulertid kon'tinjusswerv] — MomyiupoBaHHast

BOJIHA, He3aTyXamllasi TapMOHNYecKast BOJTHA
modulated continuous wave rangefinder ['modjulertid kan'tinjuas,werv 'reind3 fainds]
— (ha30BBIi1 JaJTBHOMED
moisture ['moistfo] — BIaXHOCTb, Bjlara
molecular ion [mg lekjulor'aron] — MoneKyISIpHbI MOH
molecule ['molikju:l] — mosexyna
momentum [mo'mentom] — UMITYJIbC, KOJUYECTBO IBUKEHUsI, UMITYJIbCHAsL CHUIIA ||

UMIYJIbCHBIA

moonwalk ['muinwoik] — BbIXoa 4YejoBeKa Ha TOBEPXHOCTb JYHBI, «JIyHHas TIPO-
TyJIKa»

mother spacecraft [mads 'speiskra:ft] — kocMuyeckuii anmapar-HOCUTENb

mount [maunt] — ycTaHaBIUBaTh, MOHTUPOBATh, 3aKPEILISITh HA TNTIOCKOI MOBEPX-
HOCTU, cCOOUpaTh

multiphoton [ maltr'fouton] — MHOrOGOTOHHBI, C y4aCTUEM HECKOJIbKUX (hOTOHOB

multiphoton absorption [ malti'fouton ab'zo:pf(9)n] — MHOTODOTOHHOE MOIIOIIE-

HUE

multiple-beam interference [maltr'bi:m,nta'fiar(e)ns] — MHoroMyuYeBasi nHTEPDE-
peHILIS

multiplexer ['maltiplekss] — MyJBTUITIIEKCOP, YCTPOMCTBO YIJIOTHEHUSI KaHAJOB,
KOMMYTaTop

multiply by ['maltiplar bai] — yMHOXaTh Ha

multiwatt — MolIHBII, MHOTOBATTHBII

mutually perpendicular ['mju:tfuslr p3:ip(e)n'dikjule] — B3auUMHO TIepHIEHAUKYIISIP-
HBIN

N

nanosecond pulse ['naena(u)sekond 'pals] — HaHOCEKYHIHBIN UMITYJIbC

Nd (neodymium) [ nirou'dimiom| — HeonuM, HEOTUMUIA

Nd:glass laser — na3ep Ha HEOAMMOBOM CTEKJIE

Nd:YAG laser — yiazep Ha aJloOMOUTTPUEBOM TpaHaTe, aKTUBUPOBAHHBIN HEOIM-
MOM

near infrared [niorinfro'red] — OmxHsIS MHGbpPaKpacHast 00J1acTh

nearby [nio'bar] — Omvkaiimii, 0M3IEXKAIINI, COCSTHUN

negligible ['neglidzobl] — He3HAYNUTENBHBIN, HUYTOXHBIN, MPEHESOPEKMMO MaJTbIii,
HECYIIEeCTBEHHBII

neodymium (Nd) [,nizou'dimiom] — HeonuMuUil, HeOAUM

neon gas (Ne) ['nizongees] — HEOH

neon-helium laser [ni:on'hi:liom,leizo] — renuii — HeOHOBBII J1azep

neutral gas ['njuitr(o)lges] — MHEPTHBIN ra3, HEUTPAJIBHBIN ra3, HEMOHU3UPOBAH-
HBII ra3
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neutral molecule ['nju:tr(a)l,molikju:l] — HeiiTpasibHasT MoJIeKyJia

nit [nit] — HUT (edunuya spxocmu)

nitrobenzene [ naitroubenziin] — HUTpOGeH30I

nm (nanometer) ['nena(u)miitor| — Hanometp (7 billionth of a meter), Hm

no longer — Gosiee He, OOJIbIIIE HE, YK€ HE

Nobel prize [nou'belpraiz] — HobGeneBckasi mpemust

noise performance ['noiz psformons| — 1rymMoBast XapaKTeprucTHKa

noise pickup ['noiz,pikap| — mrymoBast mepekpécTHast momexa, IoMexu

nonconducting [nonkon'daktiny] — HempoBomsIMIA, He MPOBOASIINAMN BIEKTpUIE-
CKOTO TOKa

non-cooperative target [ nonkou'op(a)ratrv 'ta:git] — 1esnb, He oXXuAarONIasT BCTPEYn

nonlinear [non'linid] — HeIMHENAHBIA

nonlinear absorption [non'linio ab'zo:pf(9)n] — HeAMHENHHOE MOMIOLLIEHUE

nonlinear coefficient [non'lins kour'fif(e)nt] — HenmuHEHHBIN KO3 DUTTMEHT

nonlinear frequency conversion [non,linio 'friztkwansr ken,vsif(e)n] — HenuHeHOE
npeodpa3oBaHNE YaCTOTHI

nonlinear material [non'linio ma'tioriol] — MaTepualn ¢ HeJIMHERHBIMUA CBOMCTBAMMU,
HEJIWHEWHBIA MaTepuan

nonlinear optics (NLO) [non'linio 'optiks] — HeJMHeHAs ONTUKA

nonlinear problem [non'linis 'problom| — HeauHelHasE 3aga4a

nonlinear scattering [non'linio 'skeet(9)rin| — HellMHETHOE paccessHue

nonlinearity [nonlint'eriti] — HeTMHEWHOCTD, HEJIMHEHASI XapaKTepUCTUKA

nonnuclear [ non'njuikliao] — HestmepHBIN, He CBSI3aHHBIN C SIIEPHON SHEpPTUeHt

nonradiative process — 06e3bI3/TydyaTebHbIN TTpolece

nonradiative recombination — 0e3bI3IyyatesibHass peKOMOWHALIMS

non-optical — HeonTUYECKUA

ns (nanosecond) |'naenosusekond] — HaHocekyHna (one thousand-millionth of a
second), HC

nuclear decay [nju:klie di'ker] — ssmepHbIit pacran

o

obey a law [o'bera'lo] — MOMUUHATBCST 3aKOHY

object beam ['obdzikt 'biim]| — O0OBEKTHBIN JIy4, OOBEKTHBIN ITy4OK, IMPEAMETHBII
ITy40K

obscure [ob'skjus] — HesICHBINI, CMYTHBINA, HEUETKNIA, CKPBITHIA

obscurely [ab'skjuali] — HesicHO, HEOTUETIIMBO, CMYTHO

observation [obza'veif(o)n] — HaGmoneHUe, pe3yabTaThl HAOMIOACHUI, UCCIeI0Ba-
HUE

observe [ob'z3:v] — HabMOmaTh, 3aMedaTh, OCYLIECTBIISITh HAOTIOAEHUE

obstacle ['obstokl] — mpemaTcTBUEe, moMexa, TIperpana

obtainable [ob'teinobl] — MOCTMKMMBIi, TOCTYITHBIA

obvious ['0bvios] — SIBHBINM, OUeBUIHBIN, 3aMETHBIN

occur [o'k3:] — caydaTbcst, TPOUCXOIUTH

ocular ['okjslo] — mIa3HOI, OKYJISPHBIA || 1a3

of practical interest [ov'praektik(9)l 'Int(a)rast] — MpeacTaBISIONINN TPaKTUISCKUIA
UHTEpec
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on the one hand — ¢ o1HOI CTOPOHBI

on the other hand — c npyroit CTOpoHbI, B TO XK€ BpeMsi, HAIPpOTUB, HA0OOPOT

on-board radar [onbo:d 'rerda:] — aBTOHOMHasi pamapHasl yCTaHOBKa, GOpTOBast
pPamMOIOKAIIMOHHAST CTAHIIUS

once [WAns| — KakK TOJBKO, ITOCKOJIBKY, OMHAXKIBI

opacity [o(u)'paesati] — HEMpoO3payHOCTh, HEIIPOHULIAEMOCTb, CBETOHEIIPOHMIIAE-
MOCTb

opaque obstacles [a(u) peik'obstoklz] — Hermpo3payHble MPEAMETHI

operating principle [oparertiy'prinsopl] — IpUHLIMIT paGOTHI, TTPUHITUIT TCHCTBUS

operating wavelength | oparertip'wervlen®©| — paGouast JJTMHA BOJTHBI

ophthalmic surgery [ofOzlmik's3:dz(a)r1] — m1azHast Xupyprust

optic ['optik] — nuH3a (onmuueckoeo npubopa), OObEKTUB, OKYJISID

optical absorption ['optik(a)l ab'zo:p[(e)n] — momiolleHUe CBeTa, ONTUYECKOE I10-
JIOMICHNE

optical amplifier ['optik(9)l 'emplifars] — ycuinTenb ONTUYECKOrO AMAIla30Ha, OIl-
TUYCCKU YCUIUTEIb

optical bistability ['optik(e)]baista'biloti] — onTuyeckast 6UCTaGUIBLHOCTD

optical coating |['optik(s)l 'koutin)] — onTUYecKoe IMOKPBLITUE, 3AIMUTHOE ONTUYE-
CKO€ TIOKPBITHC

optical computer ['optik(s)l kom'pjuito] — (OTOHHBIM KOMIIBIOTED, ONTUYECKUI
KOMITBIOTEP

optical damage ['optik(9)l 'demidz] — paspylueHue ONTUYECKUM U3TYyYECHUEM, OIl-
TUYECKOE pa3pyIlIcHue

optical device ['optik(9)l dr'vais] — onTuyeckuii mpudOp, ONTUYECKOE YCTPOMCTBO

optical disturbance ['optik(o)l dr'st3:b(o)ns] — pacopeneneHre ONTUYECKOTO IO

optical element ['optik(o)] 'elimont] — onTUYECKUIL DIIEMEHT

optical engineering ['optik(a)l endsr'niorin] — TexHUYecKasl ONTHUKA, TEXHUYECKAST
OMTHKA, ONTUYECKOE TTPOU3BOICTBO

optical feedback ['optik(o)l 'fizdbzek| — onTuueckass oOpaTHast CBSI3b

optical fibre ['optik(o)] 'faiba] — onTrYeckKoe BOJIOKHO, OIITOBOJIOKHO

optical fibre cable [optik(o)l 'faibs 'kerbl] — BOIOKOHHO-ONITUYECKUIA Kabelb

optical fibre communication system [optik(a)l 'faiba ko mjuinr'kerf(a)n 'sistom| —
BOJIOKOHHO-ONITHYeCcKas cucrema cBsi3u (BOJIC)

optical fiber core [optik(a)] 'farboko:] — cepmiieBMHa ONTUYECKOTO CTEKJIOBOJIOKHA,
CBETOBEAYIIAST XXIJIa ONITHICCKOTO BOJIOKHA

optical gain [optik(o)l 'gein] — onTHuYeckoe ycwIeHUE, YCHJICHUE B ONTUYECKOM
Irarna3oHe

optical hologram [optik(a)l 'hologreem| — onTuyeckasi rojorpamma

optical homogeneity ['optik(a)l,houmoaudsa'nerati] — onTUveckass OMHOPOTIHOCTD

optical multiplexer [optik(a)l 'maltipleksa] — onTUYeCKUii MYJIBTUTIIICKCOD

optical networking [optik(a)l 'netws:kin| — ONTOBOJOKOHHBIC CETH, BOJOKOHHO-
ONTUYECKUEC CETH

optical noise [optik(a)l 'noiz] — onTudeckmit mrym

optical parametric oscillation (OPO) ['optik(a)l,peera'metrik osrlerf(e)n] — mapa-
MeTpuuecKas TeHepamys, ITapaMeTpuIecKe KoreoaHust

optical phase conjugation (OPC) |optik(a)l 'feizkondzu'gerf(a)n] — obGpaiieHue
BOJTHOBOTO (PpOHTa, COIpskeHNe (a3 ONTUICCKUX CUTHAIOB
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optical pumping [optik(a)l 'pampin| — onTuyeckass HaKauka

optical resonator [optik(a)l 'rez(o)nerta] — onTuvecKuit pe3oHaTop

optical scene [optik(9)l 'siin] — onTryeckuit 0GBEKT, KapTUHA

optical signal processor ['optik(s)l 'sign(a)l 'prousess] — yCTpOMCTBO ONTUYECKOI
00paboTKu curHaua

optical train [optik(a)l 'trein] — onTUyeckast cuctemMa, onTUYECKast cxema

optical transparency [optik(a)l treen'speer(a)nsi| — onTUYECKUIl TpaHCTIAPAHT, OII-
THYeCcKast IIPO3PavyHOCTh

optical vector [optik(a)l 'vekta] — anekTpuUIecKuii BEKTOP

optically-pumped laser ['optik(a)l,pampt'leizo] — nazep ¢ ONTUYECKOM HAKAYKOM

optoelectronic measurements [ optouelek'tronik 'mezomonts] — onTo3IeKTPOHHBIE
N3MEpEeHUSI

order ['0:do] — MOpPSIOOK, YHOPSIHOYEHHOCTh, YIOPSAOYEHUE, CTEIIEHb, IOPSIIOK,
KPaTHOCTb || yIIOpsSIIOYMBaTh

order of magnitude [o:dorov'meegnit(j)uid] — MOPSIIOK BEJIMUMHBI, MOPSIOK BO3-
pacTaHus

organic compound [o:genik 'kompaund]| — opraHndeckoe coenMHEHUE

organic dye [o:genik'dar] — opraHMYecKuii KpacuTeb

organic dye laser [o:genik'daileiza] — 1a3ep Ha OpraHMYECKOM KpacuTesie

organic molecule [o:genik 'molikju:l] — MoJieKyna OpraHMYeCKOTro COCIUHEHUS,
opraHmJecKast MOJIeKyJia

organic solvent [o:gaenik 'solvont] — opraHn4ecKuii pacTBOPUTEITh

oscillate ['osileit] — koneGaTbcst, BUOPUPOBATH

oscillating function ['osilertin 'fankf(o)n] — dyHKLIMS KOneOGaHMiA

oscillation |[ost'lerf(a)n] — Kose6aHue, KaYaHUE

oscillator ['osilerta] — u3nyyaTesb, reHepaTop KojeOaHui

other than ['A09,0on] — a He, KcKITIOYasT, KpOME, TTOMUMO

otherwise ['A0owaiz]| — uHauye, B IPOTUBHOM Clydae, B APYTUX OTHOLLIEHUSIX, WM XK€

output ['autput] — BBIXOI, PE3Y/IBTAT, BBIXOAHOM CUTHAN || BBIXOXHOIA

output characteristics ['autput keerokto'ristiks| — BBIXOIHBIE XapaKTepUCTUKU

output mirror [autput 'mira] — BEIXOZHOE 3epKajio

output power [autput 'paus] — MOITHOCTb Ha BBIXOJE, TeHEpUpyeMasi MOIIIHOCTh

output power density [autput 'paus 'densiti] — MJIOTHOCTh MOIITHOCTH Ha BBIXOJE

output pulse [autput'pals| — UMITyJIbC Ha BBIXOJE, BBIXOMHOM MMITYJIbC

output waveform [autput 'werv form| — BoJIHOBO# (pOHT, (GDPOHT BOJHOBOTO U3JTY-
YEeHMSI, BEIXOMHOM CUTHAI

over a wide range — B IIMPOKOM JIMaria3oHe

over the past years — Ha NPOTSKEHUU MOCAECAHUX JIET

overcome |ouva'kam| — mpeonosieTh, OBlaaeBaTh, MOOOPOTH

overlap [,suva'lep| — yacTMyHO coBManaTh

overly ['ouvali] — upe3MepHO, U3MUIIHE, U30LITOYHO, CIAUILIKOM

oxidize ['oksidaiz] — okcuaMpPOBaTh, OKUCISATHCS

P

p-n junction — p-n nepexon, 3JeKTPOHHO-IBIPOYHbIN Mepexomn
paramagnetic ion [paromegnetik 'aron] — mapaMarHUTHBIM UOH
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parasitic transition [ pera'sitik treen'zif(o)n| — maccuBHBIN Mepexon

partial coherence ['pa:f(o)l ko(u)'hior(e)ns] — yacTruHass KOT€pEHTHOCTh

partially reflecting surface ['paif(o)lr riflektiy 's3:fis] — yacTMuHO oTpaxaroias
TOBEPXHOCTH

particularly [pa'tikjololi] — B 0COGEHHOCTH, B YACTHOCTU

particularly important [pa'tikjololi 1im'po:t(a)nt] — 0c060 BaxKHBI, 0COOEHHO BaXK-
HBINA

pass filter [ pais'filta] — moocoBoii GUIBTP

pave the way for [,pervoa'wer fo] — MOATOTOBUTH MOYBY JIJIsI, CO3MABATh YCIOBUS TSI

payload bay ['peiloudbei] — rpy30oBoii oTcek

peak [pitk] — MakcuMyM (Haepyszku), TMKOBOE 3HAUYCHHE

peak level [ pitk'lev(e)l] — MakcMMabHBIN YPOBEHB, TUKOBBI YPOBEHD

peak output power [ pi:k 'autputpaus] — MakcuMaabHasi BBIXOTHAs] MOIITHOCTD

peak power [pitk'paus] — muKoBass MOITHOCTb, UMITYJIbCHAsI MOIITHOCTD

peak power density ['pizk,paus 'densiti] — MIOTHOCTh MUKOBOM (UMM 16CHOLL) MOTII-
HOCTH, TTMKOBOE 3HAYCHME TJIOTHOCTA MOIITHOCTHU

peak power output ['pizkpauar 'autput] — MakcuMabHast BBIXOIHAsST MOITHOCTh

peculiarity [p1kju:li'aerati] — ocobeHHOCTb, CBOHCTBO

pendulum clock ['pendj(a)lomklok] — MasiTHUKOBBIE Yachl

penetrate ['penitreit] — IpOHUKATh, IPOHU3BIBATH, IPOHUKATH BHYTPb, BHEAPSITHCS

pentaphosphate [ pento'fosfert] — menradocdar

per unit volume [pajuinit'voljuim| — Ha enuHUIY 0OBEMA

perceive [pa'sitv] — BocIpuHUMATD, Pa3indyaTh

perceptible to the eye [pa'septobl to 01 'al] — BUAMMBbII Ia30M, pa3INYUMBbIii TJIA30M

perform an experiment [pa'formon 1k'sperimont] — IPOBOAUTH OIBIT, IIPOBOAUTH

SKCITEPUMEHT

performance [pa'formons| — pabota, UHTEHCUBHOCTb pabOThI, pabouyune XxapakTepu-
CTUKU

periodic structure [prorr'odik 'straktfo] — mepuonnueckasi CTpyKTypa, peryisipHast
CTPYKTypa

periodicity [,prorro'disati] — mepUOANYHOCTD, MPUHIIMIT TEPUOTUIHOCTHI

perpendicular to [ p3:p(s)n'dikjulots] — TepreHAUKYISIPHBINA K

phase difference ['feiz dif(a)r(o)ns| — pasHocth a3

phase match ['feizmeet(] — coBmageHue no dase

phase matching ['feizmeetfin] — ycioBue (Ga3oBOro CMHHXpOHU3Ma, COBITAJICHHUE TTO
dase, daszoBoe COIpsIKCHIE

phase-conjugate mirror (PCM) ['feizkondugot 'mira] — ba3zoBo-conpskéHHOE
3epKalio

phenomenon (pl. phenomena) [finominon| ([fi'nomina]) — sBieHue, GheHOMEH,
HEOOBIKHOBCHHOC SIBIICHHC

phonon-assisted transition ['founon asistid treen'zif(e)n] — mepexom ¢ HaTUIUEM
¢doHOHa, TIepexon ¢ ygacThueM (POHOHOB

photographic emulsion [ fouto'greefik 'malf(a)n] — doTosmynbeust

photographic plate [ fouto'greefik plert] — dororpaduyeckas ruractuHka, dhoToruia-
CTWHKA

photographic technique [ fouto'grefik tek'nitk] — dororpadpuyeckas Texnuka, do-
TOTEXHHUKA
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photometry [ fou'tomitri] — (poToMeTpusi, CBeTOBOE U3MEpEHUE

photomultiplier [ foutou'maltiplars] — dboToyMHOXUTETH, (HDOTOINIEKTPUIESCKUI YM-
HOXUTEb

photomultiplier tube [foutou'maltiplaie 't(G)utb] — doroymHOXUTENL, (HOTO-
BIIEKTPUICCKUN YMHOXUTEITh

photon absorption [,fouton ab'zo:pf(a)n] — poToHHOE MOITIONICHWE

photon emission [fouton 1'mif(e)n] — u3nAydYeHUEe GHOTOHOB, UCIycKaHUE (HOTO-
HOB

physiological optics [ fiziolodsik(9)] 'optiks] — dusnonornyeckast ontruka

piece of evidence | piisav'evid(o)ns] — mokazaTeabcTBO

piezoelectric crystal [paii:zour'lektrik 'krist(o)l] — Mbe30KpUCTAII, TTHE30JIEKTPH -
YeCKUI KPHUCTAJII, TTHE303JICKTPUK

pinhole ['pinhoul] — nukcens (a2emenm pasznoxncenust), TodedHas nuadparma, or-
BepcTHE

place constraints on ['pleis kon'streints on| — HakJ1aAbIBaTh OrpaHUYEHUS Ha

plague [pleig] — uyma, GencrBue || mocaxmarb, U3BOAUTH, MyYUTh, HANOENATh, HE
laBaTh MTOKOS

plane grating ['pleingreitin] — nByMepHas nudpakIMOHHAs pelIéTKa, IIocKast
nudpakIMoOHHAasT peleTKa

plane polarization ['pleinpoul(e)rarzeif(e)n] — rurockast Uiy JMHEWHAsT TTOJISIpU3a-
st

plane-parallel plate [ plein'paeralel plert] — rmIockomapamiebHas IJIaCTUHKA

plane-polarized light [plein'poul(s)raizd lart] — cBet ¢ JMHeIHON MOJsIpU3aLINECH,
TUTOCKOITOJISIPU30BAHHBIN CBET

plasma ['pleezmo] — miasma

play back ['plerbak] — BOCIIPOU3BOIMTS || BOCIIPOU3BEAEHIE

Pockels cell — suyeiika ITokkenbca

point source ['point,sois] — TOUSYHBI NCTOYHUK

point out ['point 'aut] — BbLAEIATD, ITONYEPKUBATD

polarization | psul(e)rarzeif(a)n]| — monsipuzanust

polarization angle [ poul(s)rar'zeif(a)n 'eengl] — yron Bprocrepa, yroa mojiHOM 1O-
JISIpA3aIINT

polarizing filter ['poul(o)raizin 'filta] — moasipU3aLMOHHbBII GUIETDP, HOJISIPU3ATOD

polarizing microscope ['paul(o)raizin 'maikroskoup| — monsipu3alOHHbBII MUKPO-
CKOIT

poling process ['pauliy prouses| — mpoliecc MOJIpU3AIUN

polynomial [ poli'naumial] — MHOTOWIEH, MOJIUHOM

population inversion [ popjo'lerf(a)n m'v3if(a)n] — MHBepcHast HaCEJIEHHOCTh

population inversion density [popjo'lerf(e)n m'vs:f(a)n 'densiti] — MJIOTHOCTh WH-
BepCUM HaCEIEHHOCTEH

potassium dihydrogen phosphate (PDP) [pa'teesiom darhardrodzen ‘fosfert] — muru-
npodocdar Kanus

potassium titanyl phosphate (P7P) — xamuii-tutanmi-docdar, docdar Kaaus-
THUTaHWIIA

power amplifier [pauosr'zmplifalo] — ycuauTesb MOIIIHOCTU, TEHEPATOP C MOCTO-
POHHUM BO30YKICHUEM

power density [,paus'densiti] — TUIOTHOCTb 9HEPTUM, SHEPTOHATIPSKEHHOCTh
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power fluctuations ['paus flaktfu'erf(a)nz]/[-tju-] — KoaebaHUsT MOIITHOCTH

power scalability ['pausskerlo’biliti] — nuanason 3HauYeHUl (ypoeeHdb) BBIXOTHOM
MOIIHOCTHA

precedence (over) |'presid(e)ns]/[pri'siz-] — IPeBOCXOACTBO, MPEAIIOYTEHMIE

precipitate [prr'sipitert] — ocamox || BellIazaTh B 0CaaoK, BBIKPUCTA/UIM30BBIBATHCS,
ocaxmaTb

precise lunar or satellite ranging — TouHoe n3MepeHue pacctossHus 10 JIyHbI U
CITyTHUKOB

precisely [prr'saisli] — poBHO, TOYHO, OIpPEIEICHHO

precision requirements [pri'siz(o)n r'kwaromonts] — Tpedyemast TOUHOCTb

preclude [prr'klu:d] — wuckiIo4aTh, MNPEINSITCTBOBATb, MEIIATh, IIPEIOTBpAIATh,
YCTpaHATh

predictable [prr'diktobl] — mpeackasyemblii, IIPOrHO3UPYEMBIA, ITOMLAAIOIIUIACS
OIICHKE

preferred direction [prr'f3:d di'rekf(o)n]|/[dai-] — BblIeJIecHHOE HAIlpaBIEHUE, MPE-
NMYIICCTBEHHOC HAIIpaBJICHNE

presently ['prez(o)ntli] — Bckope; Tenepb, ceiuyac, B HACTOSILMI MOMEHT, B HACTO-
sIIIIee BpeMs

preserve |pri'z3iv] — cOXpaHsITb, XpaHUTb

prevent [pri'vent] — npeaoTBpaIlaTh

primarily [prarmer(o)li] — nepBoHaYajJbHO; B OCHOBHOM, IIPEXIE BCETO, IJIABHBIM
obpazom

primary ['praimeri| — IepBUYHBIM, OCHOBHOM, HaYaIbHbIi

primary rainbow [,prarmerireinbou| — ocHOBHas paayra, iepBUYHasI paxyra, pamy-
ra IIepBOTO TTOpsIIKa

primary wave [ prarmerrwerv] — epBU4YHasi BOJiHa

prime [praim] — Jy4IMii, OTIMYHBIN, TPEBOCXOMHbBIN

principle of Huygens—Fresnel |'prinsoplov 'hoigonz frei'nel] — npunumumn loiireH-
ca—PpeHensa

product ['prodakt] — mpousBeneHue

professional career |[pro'fef(o)n(a)l ko'rio] — npodeccuoHanbHast Kapbepa, ClyKeo-
Has Kapbepa

progressively [pra'gresivli] — nporpeccuBHO, Bce OOJIbIIE, ITOCTEIIEHHO

project [pro'dzekt] — mpoekTUpoBaTh, IIAHUPOBATDH, MPEAIOJIAraTh, IIPOrHO3UPO-
BaTh

promising ['promisin| — nepcrneKTUBHBINA, MHOTOOOEIIAIOIIMIA

prone to ['prounts| — CKJIOHHBIN K, ITOABEPXKEHBIIA

propagate ['propageit] — pacrpoCcTpaHsIThCsI, IPOXOAUTH

propagation [,propa'geif(e)n]| — pacrpoctpaHeHue

propagation loss [,propa'ge1f(a)n,los] — motepu nmpu pacrnpocTpaHeHUU

properties of gain medium ['propstizov 'geinmi:diom| — cBoiicTBa ycuiauBaromei
Ccpenbl

proponent [pra'pounont]| — 3alIUTHUK, TOOOPHUK, CTOPOHHUK

proprietary [pro'pramot(o)ri] — crneuuaabHbIA, WHAMBUAYAJIbHO W3TOTOBJIEHHBIN
(@upmoit), TaTeHTOBAHHBIN, 3alIaTeHTOBAHHBIN, (DPUPMEHHBII

prospect ['prospekt] — mepcnekTuBa, Haaexaa, IUIAHbI Ha Oymyliee

protein ['proutiin] — nmporeuH, G€I0K | MPOTEMHOBBIIA
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proven ['pru:v(o)n] — goKa3aBIUUii CBOIO IIPUTOIHOCTD, MOATBEPXKIEHHDINI, IIPOBE-
PEHHBINI

provide [pro'vaid] — obecrnieunBaTh, IIpeayCMaTpUBaTh, CHAOXATh, JaBaTh

provided [pro'vaidid] — npu yciaoBuu

ps (picosecond) |'pitkeusekond]/['paikeu-] — muKoceKkyHa

public telecommunication system |['pabliktelikomjuini’kerf(a)n 'sistom| — cBsI3b
00IIIeTO MOIb30BaHUS

pulse duration [ palsdjua'rerf(e)n] — IIUTETBHOCTD JA3€PHOTO BBICTPENA, JIUTETb-
HOCTbH UMITYJIbCOB, POIOJKUTEIIHLHOCTD UMITYJIbCa

pulse energy [palsenadsi] — sHeprust B UMNysibce

pulse length [ pals 'len®] — WUTENTBHOCTD UMITYJIbCA, TPOIODKUTEIBHOCTD UMITYJIbCA

pulse shape [,pals '[eip] — npodusb umyabca, hopMa UMITYIbCa

pulsed discharge [palst dis'tfa:d3] — umnynbCHBIN pa3psia

pulsed laser [palst 'leizo] — nasep, pabGoTalolIMii B UMITYJIbCHOM DPEXUME; UM-
ITyJIbCHBIN J1a3ep

pulsed laser rangefinding system |[palst 'leizo 'reind3faindin 'sistom] — ummnynbc-
HBIA JAJIbHOMEP

pulsed output [palst 'autput] — MMITYTbCHBIN BBIXOI, WMITYJIbCHAS M3JTydaemast
MOIITHOCTb

pulsed ruby laser [ palst 'ru:bileizo] — uMIyIbCHBIN pyOMHOBBIN Ja3ep

pulsed source [,palst 'sois| — UMITYJIbCHBIM UCTOUHUK

pulse-periodic laser ['pals prarr'odikleize] — UMy TbCHO-TIEPUOIUYESCKUI J1a3ep

pulse-pumped laser ['palspampt 'le1zo] — 1azep ¢ UMIYTLCHOW HAaKaYKON

pulse-repetition frequency ['pals reprtif(e)n 'fritkwonsi] — wactora moBTOpeHUSI
UMITYJIbCOB

pulsewidth ['pAlswidO] — mIMTEIBHOCTD MMITYJIbCA

pump [pamp]| — HaKauMBaTh, BO30YKIaTh; HAKAYMBATH JIa3ep || HaKauka

pump energy [,pamp'enad3i] — SHeprust HAKAYKW, SHEPTUsI UMITYJIbCAa HAaKauyKU Jiazepa

pump laser [pamp'leiza] — na3zep ¢ HaKa4yKoOM, Jlazep HaKaYKU

pump level [ pamp'lev(a)l] — ypoBeHb HaKaYKU, YPOBEHb CUTHAJIa HAKAUYKU

pump power [,pamp'paus] — MOITHOCTb HAKAUYKU

pump source [pAmp'sois] — UCTOYHUK HaKauyKu, TeHepaTop HaKauKu

pump wave [ pamp'werv] — BoJIHa HaKa4yKu

pumped [pampt] — ¢ HaKauKoI

pumping ['‘pampin]| — Hakayka, BO30yXIeHUE

pumping source [ pAmpin 'sois| — UCTOUHUK HaKaYKU, TeHepaTop HaKauKh

pursue a subject [pa'sju: o'sabdzekt] — mpomokaTh 06CYKAEHUE BOIIpOCa

push [puf] — TonkaTh, mpoOTATKMBATh, IIPOIBUTATH

pyroelectric detector [ parraur'lektrik dr'tekto] — muponpuéMHUK, TUPOITEKTPUIE-
CKMI OETEKTOP

pyroelectric effect [pairourlektrik r'fekt] — nmupoanektpuueckuii a3cdeKT, MUPo3-
JIEKTPUYECTBO, MUPOSIPPEKT

Q

Q-switch ['kjuiswitf] — MomynsiTOp TOOPOTHOCTH
Q-switching ['kjuiswitfin] — Momymsmus TOOPOTHOCTH, ITepEeKIIOUCHUE ITOOPOT-
HOCTH
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Quality factor (Q) ['kwolatrfeekto] — KoadbUIMEHT TOGPOTHOCTH

quantify ['kwontifal] — onpenensTh KOJIMYECTBO, KBAHTU(MULINPOBATDH

quantity ['kwontoti] — BennmuuHa, pu3nyeckas BeJIMUMHA

quartz [kworts] — KBapIeBBIll KPHUCTAJLUI, KBAPIEBBII pe30HATOP, KBAPII

quartz-controlled oscillator [ kwo:ts kon'trauld 'osileita] — KBaplIOBaHHBIN TeHepa-
TOp

quasi continuum ['kwa:zi kon'tinjuom|] — KBa3u-HeNPEPBIBHBIA | KBa3UKOHTHHYYM

quasirandom ['kweizai-|/['kwa:zi-] ['reendom| — rnceBaocCay4aiiHbliA, KBa3UCAydaiiHbIA

question [kwestfon]| — rmoaBepraTb COMHEHUIO, COMHEBATHCS

quiescent point [kwr'es(o)nt,point] — pabouast (HEIOABUXKHAsI) TOYKA, TOYKA YCTOM-
4Y1BOI pabOTHI

R

radian ['reidion| — pan, panuaH (eduruua niockoeo yena)

radiative lifetime ['rerdrotiv 'laiftaim| — uznyyarenbHOe BpeMsl XKM3HU SHEPreTuye-
CKOI'O YPOBHSI

radiative process ['reidiotiv 'prouses| — M3JydaTelbHbII IIPOLIECC

radioactive decay [ reidiou'ektiv di'’kel] — pamroakTUBHBINA pacmaj

radiometric unit [ reidiou'metrik 'jurnit] — paguoMerpuyeckasi eqMHULIA

radiometry [reidi'ometri] — panuomMeTpusi, TEXHUKA U3MEPEHUSI JIYYUCTOI SHEPIUU

Raman amplification — koMOuHaLIMOHHOE (pamaHoeckKoe) yCUuaeHue

Raman amplifier — BKP-ycunurens

Raman effect [1'fekt] — pamaHOBCcKOe paccesiHne cBeTa, 3P@HEeKT KOMOMHALIMOHHO-
IO paccestHUsI CBeTa

Raman transition — KOMOMHAIIMOHHBIN Tepexon, Mepexon B KOMOMHAIITMOHHOM
CHEKTPE, paMAaHOBCKUI MEPeXo

Raman shifting — pomanoBckoe (KOMOMHAIIMOHHOE) CMEIIeHUE

random background [rendom 'baekgraund] — ciydaiiHblii poH

random process [reendom 'prouses| — ciay4aiiHbIN MPOLIECC, CTOXaCTUYECKUI TTPO-
ecc

random variable [rendom 'veariobl] — ciydaiiHast miepeMeHHast

random-number generator [reendom nambs '&sen(o)reita] — reHeparop ciydaii-
HBIX YMCeJI, TeHepaTop IICEeBIOCTYyYaliHbIX YU CEeT

range [reind3] — nuamnasoH, paccTOsIHUE, NAJIbHOCTh

range from ... to — KonebaTbcs B mpenenax or ... 10

range resolution ['reind3rez(s)'lu:f(a)n] — paspeleHure Mo AaJIbHOCTHU, pa3pellaio-
111asi CIrIOCOOHOCTD IO JAJTbHOCTU

rangefinder ['reind3fainds] — nanbHOMEp

ranging ['reind3in] — u3MepeHue pacCTOSIHUS, ONpeneeHue NalbHOCTU, U3MEHEe-
HUeE JaJIbHOCTHU

rapidity [ro'pidati] — ckopocTh, ObICTpOTA

rapidly ['reepidli] — 6bicTpO

rare earth chelate laser [reor3:O'ki:lert leizo] — na3ep Ha peakKo3eMelIbHBIX XenaTax,
Jla3ep Ha XeJlaTax PelKO3eMe/IbHbIX 3JIEMEHTOB

rare earth ion [reors:0'alon| — MOH penKO3eMeIbHOIO 3JeMEHTa, PEAKO3eMeIbHbII
HOH
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rate equation [rert 'kwer3(o)n| — ypaBHeHUEe CKOPOCTU peaKIuu

rather than ['ra:0o 0on] — a He, cKopee 4yeM, BMECTO TOI'O, YTOObI

ratio ['reifiou] — oTHOILIEHME, COOTHOLIEHUE, KODMMUILIKNEHT, IIPOHOPLUSI; CTe-
TeHb

ray optics ['re1optiks] — reomeTpudeckasi ONTHKa, JiydeBasi ONTHKA

razor blade ['reizoblerd] — ne3Bue 6GpUTBBI

reach equilibrium ['ri:tfizkwi'libria] — ycTraHaBnmMBaTh B TOJOXEHUE PABHOBECHS,
YCTaHABJIMBATh PAaBHOBECHE

readily ['redili] — Ge3 Tpyna, Jerko, ObICTPO

real image [0l Tmidz] — meiicTBUTeNIbHOE M300OpaXkeHNe, pealibHOE M300paxke-
HHC

real-time interferometry |'rioltarm,intofio'romitri] — uHTephepoMeTpUsi B peaib-
HOM MacIuTabe BpeMeHHI

real-world [ r1al 'w3:ld] — peanbHBIN, TPaKTUYECKUI, HDUBNUECKUIN

realm [relm] — oGmacTh, cepa

rear mirror [,r1o 'mira] — Hempo3pavyHoe 3epKajo

reasonable approach ['rizz(a)nobl o'prout/] — pa3yMHBIii TOAXOM

reasonable prices ['ri:z(o)nobl 'praisiz] — npuemiieMbie LEHbI

receiver end [risiivor'end]| — npuéMHBIN KOHeIl

receiver optical train [rr'sirvoroptik(a)l 'trein] — cucteMa ONTUYECKUX DJIEMEHTOB
npreMHUKA

recently ['rizs(o)ntli] — HemaBHO, B MOC/IEAHEE BpeMsI, 3a MOC/IEIHEE BpEeMsI

recombination rate [ rizkombi'neifonrert] — cKopocTb peKOMOUHAIIUY

recombine | rizkom'bain| — BoccoennHATHCS, MEPEKOMITOHOBBIBATHCS

reconfigurable [ ritkon'figorabl] — ¢ mepeMeHHO KOHbUTYpalneil, peKoHGUTypH-
pYEMBII, TIEpeHATAXUBAEMBbII, TIEpeCTPaBaEMBbIiA

reconstruction [ rizk(o)n'strakf(a)n] — BoccTaHOBJIeHUE, PEKOHCTPYKIIUST

reconstruction beam [ rizk(o)n'strakf(a)n 'birm| — BoccTaHaBIMBAIOLINIA JIyd, BOC-
CTaHABIUBAIONINIA JIyY (8 econ0epaguur)

record a hologram [rr'ko:d o'hologreem| — 3amuchIBaTh TOJIOrPaMMy

rectangular resonator [rek'teengjolo 'rez(o)nerta] — npsIMOYrOJIbHBIIA pe30HATOP

rectilinear propagation of light [ rektr'linio propa'gerf(e)n ov'lait] — npsiMmoiauHeii-
HOE pacIpocTpaHCHUE CBETa

reduce [rr'dju:s| — yMeHbILIaTh, CHUXATh, IOHMXATh, COKPAILIATh

reduce losses [rr'dju:s '1osiz] — cHuXaTh (yMeHbIIATh, COKpalllaTh) MOTEPU

refer to [r1'f3:;to] — OTHOCUTB K, CChUIAThCS Ha

reference ['ref(a)r(o)ns] — cchliKa, OTHOLIEHKE, YIIOMUHAHUE

reference beam ['ref(9)r(o)nsbizm| — OMOPHBINA JIy4, STATOHHBIN JTyd

reference fiber |['ref(a)r(o)ns faiba] — aTaslOHHOE BOJOKHO

reference pattern ['ref(o)r(o)nspaet(e)n] — mcxomHast (ormopHasi) auarpamma Ha-
MpaBJIEHHOCTU; 3TAJTOHHbLIN 00pa3 (8 pacno3nasanuu ob6pa3oe)

refit ['ri:fit] — nepeoGopymoBaTh, pEKOHCTPYUPOBAaTh, BOCCTAHABIUBATD

reflected wave |[r1flektid'werv] — oTpaxk€HHast BoiHA

reflecting hologram [r1flektin 'hologreem| — oTpaxkaTeibHasi rojorpamma

reflecting surface [r1flektin's3:fis] — oTpakaroiasi MTOBEpXHOCTh, TOBEPXHOCTh OT-
paKeHUS

reflection [rr'flekf(o)n] — oTpaxkeHue
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reflection grating [r1flek[(a)n'grertin] — orpaxarenbHast IudpakIMOHHAsT pelETKa,
oTpaxaromas JudpakIIMOHHAsT PelIéTKa

refraction [r1'frek((o)n] — npenomiaeHue, pedpakLus

refractive index [rifrektivindeks] — koadduuMeHT TpeloMIeHUsI, MoKa3aTelb
TIPEIOMIICHUS

refresh [r1'fref] — 0GHOBIIATEL, OCBEXATh, MOAKPEIUISATH || pereHepaLs

regardless of [rr'ga:dlos ov] — He3aBUCUMO OT, He IIPMHKUMAsI BO BHUMAaHuUeE, BHE 3a-
BUCUMOCTHU OT

regeneration [ri,dsena'reifon] — BoccTaHOBJIEHWE, pereHeparust

regenerative-amplifier gas-dynamic laser [rr'dsen(o)rativ 'eemplifaro gesdarneemik
le1zo] — razonHamMuUYecKuil 1a3ep ¢ pereHePaTUBHBIM YCUJIUTEIEM

reinforce [ rian'fois] — ykpemiarh, ycunmBaTh

rejuvenate [r'dzu:v(e)nert] — BoccTaHABIMBATh CUJIbI, OMOJIAXKUBATh

relate to [rr'lert to] — ycTaHaBIMBaTh CBSI3b MEXIY, OMPEAELISTh COOTHOILIIEHUE MEXK-
Iy, COITOCTABIISITh C

relationships [r1'leifonfips] — OTHOILLIEHMS, 3aKOHOMEPHOCTH

relative to ['relotiv ta] — OTOCUTENBHO, IO OTHOLUIEHUIO K

relatively ['relotivli] — OTHOCUTEIBLHO, CPABHUTEILHO

relatively speaking ['relotivli 'spitkin] — B o0leM, COGCTBEHHO TOBOpPsI, OTHOCH-
TEJIbHO

relativity [ relo'tivati] — Teopust OTHOCUTEIBHOCTH, OTHOCUTEIBHOCTh

relaxation time |[ri:leek'serf(e)ntaim| — BpeMs penakcanyu, MPOAOKUTETbHOCTD
perakcanumn

release energy [rr'li:s 'enodsi| — BbLAEISITH DHEPIUIO, BHICBOOOXIATH SHEPTUIO

relevant ['relovont] — oTHOCSIIMIICS K [O€1Y, YMECTHBINA, COOTBETCTBEHHBIM, CyIle-
CTBEHHBIN

rely on [rr'lar on|] — mosjaratbcsl Ha, HaaEITbCsS HAa, OCHOBBIBATLCS Ha, OMUPATHCS
Ha

remote [r'mout] — ymajaeHHBINA, AUCTAHUMOHHBIA, OTHAJIEHHbIN, HAJEKUii, dajlb-
HUI, MaJIOBEPOSITHBIA

remote control [r;mout kan'troul] — AUCTAaHIIMOHHOE yIIpaBJIcHUE

remote possibility [r;mout ,posa’bilati] — MaoBeposiTHasi BOSMOXHOCTb, HE3HAUM-
TeJIbHAsT BEPOSITHOCTh

removal [rI'mu:v(s)l] — ynaneHue, ycrpaHeHue, OTBOLI

remove [r'mu:v] — ygaasTh, CHUMaTb, YOUPAaTh, YCTPAHSITD

render ['rends] — NpuBOAUTH B KAKOE-IMOO COCTOSIHUE

rendezvous and docking maneuvers ['rondivu: an(d) 'dokin mo'nuivez] — conmxe-
HUE U CTBIKOBKA

repeatability [r1,pi:to'biloti] — moBTOPsIeMOCTh, BOCIIPOU3BOAMMOCTD

repeater [r1'piito] — peTpaHCISITOp, MPOMEXYTOUYHbIN YCUINTEID

repeater spacing [ripiito 'speisin] — peTpaHCISIUMOHHBIA MHTEpBaJ, pasMelleHre
pPETPaHCIISITOPOB

replace [ri'pleis|] — 3aMeHsITh, BO3BpallaTh, BOCCTAHABIMBATh

represent [ repri'zent] — MpeacTaBisIiTh, 03HAYATh, NIPEACTABISITh COOOM

reproduce [ rirpro'djuis] — BOCIPOM3BOANTD, PA3MHOXATbh, TTOBTOPSATh, BOCCTAHAB-
JIMBaTh, PENIPOAYLIMPOBATh

reproducible — Bocripon3BoAUMbIii, MOBTOPUMBbI
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rescue [reskju:] — cmoacenue, u30aBieHHE, OCBOOOXIEHHE, BBICBOOOXIEHUE
come to smb's rescue — IPUXOOUTH KOMY-JI) Ha TTIOMOIITb

research [rr's3:tf] — uccienoBaHue, HaydHble MCCJIEIOBAHMSI, HAyYHO-UCCJIEIOBA-
TeJbcKas padboTta

researcher [r1's3:tfo] — uccienoBaresb, HaydHbI paOOTHUK

reshape |[rii'feip] — nepenenpiBaTh, MPeoOPa3OBbIBaTh, TPAHCHOPMUPOBATH

resolution [,rez(a)'luzf(e)n] — paspeleHune, pazpeniaronias CmocOOHOCTh

resonance |['rez(o)nons| — pe3oHaHC, pe30HAHCHBIE KOJieOaHuUsl, pe30HAHCHAs BU-
Opauusi | pe3oHaHCHBIIA

respectively [r'spektivli] — cOOTBETCTBYIOIIUM 00pa30M, COOTBETCTBEHHO

restrict [r1'strikt] — orpaHUYMBaThL, COKpAIlaTh

restricted [ri'striktid] — y3kuii, OrpaHUYEHHBIIA

restricted area of applicability [ri'striktid 'earto ov oplika'biliti] — orpaHuuyeHHOe
MIpUMEHEHNE

result from [r1'zalt from] — GbITH PE3yJaBTATOM YEro-I11M00

result in [r1'zAlt In] — npuUBOAUTH K YeMy-I110O0

resultant [ri'zalt(o)nt] — Bo3HMKIIIMII, 0Opa3yoLIMiics (IIpU 3TOM)

retardation [ rirtar'derf(e)n] — 3amenjieHue, 3ana3abiBaHue, OTCTaBaHUE, 3alepPKKa

retire [r1'talo] — yXoouTh B OTCTABKY, YXOAUTh Ha IIEHCUIO, OCTABJISATh JOKHOCTh

retrieve information [rr'trizv,infa'meif(a)n] — ocyiecTBISITh BHIOOPKY, BECTH MTOUCK
MaHHBIX, U3BJICKATh MH(MOPMALIIIO

retroreflection [ retrourr'flekf((a)n] — oTpaxkeHue B 06paTHOM HaIlpaBJieHUH, OGpaT-
HOE OTpakeHMe

retroreflective [ retrourrflektiv] — ¢ oGpaTHBIM OTpaxkeHUEM, OTPaKEHHBII

retroreflector [ retrourr'flekta] — peTpopediekTop, YroJKOBbII OTpaxareib

revolving mirror [r1volvin 'mira] — Bpamaroieecst 3epKajo

rf (radio-frequency) discharge ['rerdiou 'frizkwonsi 'distfaidz] — CBY-Hakauka, paau-
OYACTOTHBIN pa3psii, BEICOKOYACTOTHBIN pa3psim

r.f. drive power ['rerdiou 'fritkwonsr 'drarvpaus] — MOIIHOCTh PamMOYaCTOTHOTO
(BBICOKOYACTOTHOTO) CUTHAJIA, pAANOYAaCTOTHBIM MCTOYHUK CUTHAIA

rhodamine ['roudomi:n] — ponamun

rhodamine dye [roudomi:n'dai] — pograMUHOBBIIT KpacuTesb

ripple ['ripl] — psiOb, 3b10b

rms (root-mean-square) (['ruit mimnskwea]) — cpeqHeKBaApaTUYHEIA | cpenHEKBA-
IpaTUIHOE 3HAUCHUE

rms value — cpegHeKBaIpaTUYHAs BeJIUUYNMHA

roll off ['roul'sof] — cnagaTh, yMeHbILIATHCS

rotating-element Q-switch [rou'tertipelrmant 'kjuiswitf] — Momyasitop 10O6pOTHO-
CTH C TIOMOIIBIO BpaIllaloIIerocs dJIeMeHTa

rotational energy level [ro'teif(a)n(9)l 'enadsr lev(s)l] — BpalaTeNbHBI YPOBEHb,
BpalllaTeJIbHBIN SHEePTeTUIeCKUIT YPOBCHD

rotational transition [ra'terf(a)n(a)l traen'zif(s)n] — BpalaTebHBIN TTEpeXo

rough surface [rafss:fis] — HepoBHasi MOBepXHOCTh, HeOOpPabOTAHHAsI TMOBEPX-
HOCTB, IIIepOXOoBaTast IIOBEPXHOCTh

round trip [raund'trip] — mpoxoXneHWe CUrHaIa TyIa U 06paTHO

round-trip travel time [raund'trip 'treev(e)ltarm] — BpeMs IPOXOXIEHMSI CUTHAJIA
IIO 1IeJTA U 00paTHO
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routine calibration [ru:'tiin keelrbreif(e)n] — moBcenHeBHasi MoBepKa, MoBepKa ¢
HEBBICOKOI TOYHOCTBIO

ruby crystal [rubikrist(e)l] — Kpuctamn pyouHa, pyOMHOBBIA KpUCTAILT

ruby rod ['ru:birod] — pyGMHOBBIN CTepXKeHb

rudimentary precautions [ru:di'ment(a)ri pri’ko:(e)nz] — aiaemMeHTapHbBIE Mepbl
MPETOCTOPOXKHOCTHU

rule [ru:l] — rpaBUpoBaTh, HAHOCUTb, HAJIMHOBBIBATb

rule of thumb [ru:lov'Oam| — TpUOIMKEHHBIN METOH, METOJ «HAYYHOTO ThIKA»,
TPaBUJIO TIPABOM PYKH

ruling ['ru:lin] — HaHeceHuUe JIMHUI, pacTPOBasl CETKA

S

safely ['seifli] — Ge3omacHo, HamexHO, Oe3 pucka

safety hazard ['seiflihazod]| — yrposa 6Ge3omacHOCTH, ONTACHOCTb TPaBMUPOBaHUS,
OMacHBIi  NPOU3BOACTBEHHBIE  (haKTop, yrpo3a Oe3omacHoctu  (Ha
npouszeodcmee)

salient ['serllont] — BBIDAIOIIMIICS, 3aMETHBIN, SIPKWii, OpocaloIIuiics B Ila3a

sample ['saxmpl] — oGpasen, npoba || oT6upars 0GpasLbl, GpaTh MPOGHI

satellite ranging ['seet(o)lait 'reindsin]| — onpeneneHue KOOpAMHAT CIIyTHUKA

saturable absorber ['setforabl ab'zo:b(s)] — HaCHIIAIOLIMIACS TOTIOTUTED

saturate ['seet/(o)rert] — HachILIATh, IIPONUTHIBATE

saturation flux [szt/(s)'re1f(o)n,flaks] — moTok HachIIEeHUS

saving of time and space — BBIUIPBIII BO BPEMEHU U IIPOCTPAHCTBE, S9KOHOMUS
BpEMEHU U MPOCTPAHCTBA

scalar quantity ['skeilo kwontoti] — ckanspHasi BelMunHa

scale [skeil] — mkaja, Maciura6 || LIKaIMpoOBaTh, TPALyHUPOBaTh | ONpPENesATh Mac-
mTab, MaclITabupPOBaTh;, U3MEHSITh MAacIITad; CBOAUTH K OIPeNeIEHHOMY Mac-
mrady

scaling law [‘skeiliplo:] — mpaBwiIo MaciTabUpOBaHUSI, 3aKOH paclpeneacHust
YPOBHEM

scaling model ['skerliy,mod(a)l] — MaciTabupoBaHHasi MOIENb, IIKAJIbHAS MOJEIb

scanning probe microscopy (SPM) — ckaHupyollas 30HIOBasT MUKPOCKOIIUS
(C3M)

scatter ['sketo] — pasOpacheiBaTh, paccenBaTh

scattered wave | sketod'welrv] — BropuuHas BoJHa

scatterer ['skeetora] — pacceuBaTesb, pacCeMBAOIINI JIEMEHT, U30TPOITHBIN pac-
ceuBaresib

scattering coefficient ['skeet(o)rm kour'fif(e)nt] — koadduimeHT paccessHusi, moka-
3aTellb PacCesiHUs

scattering process [skeet(o)ri'prauses| — npoiecc paccestHust

schedule ['fedju:l] Br. ['skedsuil] Am. — rpaduk, pacnucaHue, IUIaH | COCTaBIATh
rpaukK win pacrnycaHue, IJIAHUPOBaTh

scheduling ['fedju:lin] Br. ['skedzu:lin] Am. — maHUpoBaHKMe, COCTaBJIEHUE KaJeH-
JapHOTro IUlaHa WU Tpaduka

schematic [skir'meetik] — auarpamma, cxema, cxeMaTuyecKoe M3o0paxeHue | cxe-
MaTUYECKUNA
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search for |['s3:tf f5] — BecTu MOMCK, UCKAThH

second-harmonic generation (SHG) ['sek(a)nd har'monikdsena'rerf(a)n] — reHepa-
OUST BTOPO TapMOHUKU

secondary rainbow [sek(o)nd(o)r1 'reinbou| — orpaxk€HHasi paayra, BTOpuyHasi pa-
IyTa, pamyra BTOPOTO MOPSIIKa

secondary source [ sek(o)nd(a)r1'sois] — BTOpUYHBINA KCTOYHUK

secondary waves [ sek(o)nd(a)ri'wervz] — BTOpUYHBIE BOJTHBI

seek (sought — sought) [sitk] — McKaTh, MBITATHCST HAWTH, TOOMBATHCS

seemingly ['siminli] — Ka3aaoch Obl, ITO-BUIUMOMY

selective element [s1lektrv 'elimont] — u36upaTeIbHBINA MYJIBTUIIIIEKCOD

selective filter [silektrv'filto] — ceeKTUBHBIN cBETOMUIBTP

selective loss [s1lektiv'los] — cenekTUBHBIE TTOTEpU

self-focusing [ selffoukosin] — camodoKycupoBKa | caMohOKyCUPYIOLIUIACS

self-phase modulation |[selffeiz modja'lerf(e)n] — dazoBas aBToMoOmMyIISIIINSI

self-terminated operation [selftsiminertid op(a)'rerf(e)n] — MUIKOBBIN pexkuUM (6
omau4ue om cmayUOHAPHOO)

self-terminating laser [self 't3iminertin 'leizo] — nasep Ha caMOOTpaHUYCHHBIX TTe-
pexomax

semiconductor [semikon'dakta] — moaynpoBomHUK

semiconductor diode [semikon'dakts 'daroud| — moyrnpoBOTHUKOBBIN JIUO

semiconductor light detector [semikon'dakts 'lart ditekta] — mosynmpoBoTHUKOBBIT
IpPUEMHUK CBETa, MOIYIIPOBOTHUKOBBIN MPUEMHUK CBETOBOTO M3IyICHUS

semiconductor light emitter [semikon'dakts 'lait 1mita] — moJyNMpPOBOTHUKOBBIA
M3JIyJaTelIb cBeTa

send out light ['send'aut lait] — ucryckaTh cBeT, U3J1yJ4aTh CBET

sensing system ['sensinsistom| — TpUEMHUK CUTHAJIOB, CUCTEMa NAaTYMKOB, CHCTE-
Ma U3MepCeHUS

sensitivity [sensr'tivoti] — 4yBCTBUTEIBHOCTh

sequentially [sr'kwenf(o)li] — mociienoBaTeIbHO, CEKBEHLIMAIBHO

service station ['s3:vissterf(e)n] — craHIUS TeXOOCTYKMBaHUsI, 3alpaBOYHasl CTaH-
o

set a limit to — [seto'limit to] ycraHaBiIMBaTh Mpeses, OorpaHUIUBaTh

set to... ['set to] — ycTaHaBIMBATD Ha...

severe electromagnetic interference [srvio 1lektro(u)meegnetik nto'fior(e)ns| — crib-
HBIE 3JICKTPOMAarHUTHBIC TTOMEXU (paguoIoMexy, KOHIYKTUBHBIC 3JICKTpOMar-
HUTHBIC TIOMEXH )

severely limited [sivioli lmitid] — BecbMa orpaHWYeHHBIN, 3HAYUTEITHLHO OTpaHU-
YEeHHBIN

sharp pulse ['faip,pals] — ckauyImii myabc, TOMYKOOOPA3HBIN MYJIbC

sheet polarizer | fi:t 'pouloraizo] — TUICHOUHBIN (JIUCTOBOI) TTOJISIPU3ATOD

shock wave ['[okwelv] — ymapHast BojiHa, BOJIHA BO3MYILUEHUIA

shoot (shot — shot) [fuit] — cTpensaTh, BEICTpEIMBaTh, BRIOPACHIBATh

short-pulse laser ['[o:t,pals 'le1zo] — KOPOTKOUMITYILCHBIN JTa3ep

short-sightedness [ [o:t'sartidnas] — 6JIM30pyKOCTb; HEMATLHOBUIHOCTD

shrink (shrank — shrunk) [fripk] ([Jreenk] — [Jrank]) — ckmMmaTbesl, coOKpamaThes,
IaBaTh yCaaKy

shutter ['[ato] — 3aTBOp
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SI unit (/nternational System unit) — emmauna B cucreme CH, eqnHMIIA MEXITyHA-
POIHOM CUCTEMBI SOUHMUII

side note ['saidnaut] — pemapka, mpumevyaHue

sighting channel [sarti'tfeenl] — BU3MPHBIN KaHa

sighting telescope [saitiy'teliskaup| — Bu3upHast Tpy6a

signal leakage [sign(o)l'litkids] — yTeuka curHajioB, IOTepsl CUTHAJA

signal-to-noise ratio ['sign(o)l tonoiz 'reifisu] — COOTHOIIEHWE CHUTHAJI-IIIYM
significantly [sig'nifikontli] — 3HaAUNTETLHO, B 3HAYMTELHOW CTEMEHU, CYIIECTBEH-
HO

silica ['siliko] — xBapll, AByOKMCh KPEMHUSI, OKCUI KPEMHUS

silica fiber ['siliko faiba] — KBapiieBOe BOJIOKHO, KBaplieBOEe BOJIOKHO M3 TJIaBJIEHO-
ro KBapla

silicon substrate [ silikon'sabstreit] — kpeMHMeBast TTOIIOXKKA

silver bromide [silva'braumaid] — 6pomun cepebpa, GpomucToe cepedpo

silver grains ['silvogreinz] — MUWKpOKpUCTA/UIBI TaJlOTeHUIOB cepebpa (&
gomosmynscuu)

silver halide [silvo'haelaid] — ranoun cepeGpa

similar to ['simils to] — Kak u B ciyyae ¢, MOAOOHO, aHAJIOTUYHO

similarly ['similoli] — aHaIOTMYHO, MOIOOHO, MOAOGHBIM 00PA30M, TOYHO TaK Xe ||
CXOIOHBIN C, TTOXOXMWI Ha

simultaneously [sim(a)l'teiniasli] — omHOBpeMeHHO

single mode [simgl'moud]| — onMHOYHBIN TUTT KOJIeOAHUIA, OMHOMOIOBBIN PEKUM

single-mode laser [simgl'maud 'leizo] — nasep ¢ OAHUM BUAOM KoJieGaHMi, OMHO-
MOJIOBBIH J1a3ep

single-pulse bulk-damage threshold intensity [ singl'palsbalk 'demids 'Oref(h)suld
n'tensati] — oporosast MOIIHOCTb Pa3pylLUeHUsI TP MOHOUMIIYJIbCHOM W3IIy-
YeHUU

single pass [smgl'pa:s] — ogHOKpaTHOE TTPOXOXKIEHUE (CUSHAAA)

skewed [skju:d] — acuMMeTpUYHBII, CKOLLIEHHBIN, KOCO, OTKJIOHEHHbIM

slit [slit] — wenb

slit diffraction [slit di'freekf(e)n] — nudpakims Ha mean

slope [sloup] — ckar (xkpueoil), KpyTW3HaA KpHBOI, Yrojl HAaKJIOHA, KPyTH3HA
(xapaxmepucmuku), HaKJIOH (Kpueoil), TAHTEHC YIJIa HAaKJIOHA

small signal gain [smo:l 'sign(s)lgein| — ycuieHue B peXuMe MaibIX CUTHAIOB

small signal gain coefficient [smo:l 'sign(s)lgemn kour'fif(e)nt] — koadduimenHt
YCUJICHUST B PeXXKUMe MaJIOTO CUTHAJIa

smooth [smu:d] — crnaxuBanue (Hanp., gyHrKyuu) || IaaKWii, TIABHbIA, POBHBII ||
CINIaXUBATh (Hanp., pyHKUUI), BBIpaBHUBATh

snoring ['sno:rin| — xpar, XxparneHue

so far [sou'fa:] — MO cux mop, 40 HACTOSIILIETO BPEMEHU, ITOKa

so that ['soudet] — ¢ TeM, 4TOOBI; TaK, YTOOLI

so-called [sou'ko:ld] — Tak Ha3bIBaeMBblIii

soap bubble ['soup,babl] — MBUTBbHBII TTy3bIPH

sodium (Na) ['soudiom] — HaTpuii || HATpUEBBILIA

sodium discharge lamp ['soudiom 'distfa:dzleemp] — HaTpueBasi raszopaspsigHasi
JIamMma

solar battery ['soulobaetori] — GaTapest COTHEUHBIX BJIEMEHTOB, COJTHEUHast 6arapest
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solid ['solid] — TBEpmoe Teno; oObEMHAs Gurypa || TBEPOOTEIbHBIA, TBEPIBIIA;
OOBEMHBIN; CIUIOITHOM (0 AuHUL); TECCHBINA (00 yene)

solid state laser [solid'stertleizo] — TBepaOTe bHBIN Jiadep, ONTUYECKUIT KBAHTO-
BBIA TBEPAOTEIbHBIN TeHEPATOP

soliton ['soliton] — coauToH, yeauHEHHAs BOJIHA, OOMHOYHAs BOJHA

solve a problem ['solv o 'problom| — pa3speluars po0eMy, pelaTth IIpoodiIemMy, pe-
IIaTh 3a7a49y

solvent ['solvont] — pacTBOpHTEsib, PACTBOPSIOLIEE CPEACTBO

solute ['solju:t] — pacTBOp, pacTBOPEHHOE BELIECTBO

solution [sa'lu:f(e)n] — pelieHue; pacTBOp, COCTaB

sophisticated instrument [so'fistikertid 'instromont] — coBpeMeHHbII1 IPUOOP

spaceborne laser ['speisbo:n 'le1zo] — 60pTOBOIA J1a3ep KOCMUYECKOIO JIETATEIbHOIO
amrapara, ja3ep (Ha 6opry) KA

span [span]| — OXBaTbIBaTh, IIPOCTUPAThCS, PACIIPOCTPAHSATLCS || IUana3oH, UHTEP-
BaJI, IIPOMEXYTOK

spatial ['speif(a)l] — nmpocTpaHCTBEHHBIIA

spatial coherence |[speif(a)l ko(u)'hior(e)ns] — mpocTpaHCTBEHHAs KOTE€pPEHT-
HOCTb

spatial filter [sperf(o)l 'filtoa] — mpocTpaHCcTBeHHBIN GUIBTP, GUIBTP MPOCTPaH-
CTBEHHBIX YaCTOT

specialized application ['spefslaizd aepli'keif(e)n] — crielmanbHOE TTPUMEHEHME

species (sing. + pl.) ['spiifiiz] — yacTuua

specific [spa'sifik] — KOHKpETHBI, XapaKTePHbIi, ONpeneaE HHbIIA

specify ['spesifai] — 3amaBaTh, yTOYHSITD, ONPENEISATh, CELUMULIMPOBATD

spectral content [spektr(a)l 'kontent] — crieKTpaibHBIIf COCTaB

spectral gain bandwidth ['spektr(a)l,gein 'baend widO] — mupuHa MosoChl YCUICHUS

spectral linewidth [spektr(s)l 'lainwidO]| — mmMprHa crieKTpaaIbHOW JUHUN

spectral peak [spektr(a)l'pizk] — ammIuTyna criektpa, MuK crekrpa

spectral region [spektr(a)l 'rizd3(a)n] — ob6nacTh criekTpa, crieKTpaibHasi 06J1acTh

spectral tunability — criekTpajibHas nepecTpoiika

spectral tuning range [spektr(o)l 't(j)uinimreinds] — criekTpaJibHBIN qUAa3oH Ie-
peCTpoiKu

spectrograph ['spektrogra:f|] — cnektporpad

spectroscopy [spek'troskopi] — cnekTpocKomus

spectrum ['spektrom] (pl. spectra |'spektra]) — crekTp, crieKTpajabHast QyHKIIS

speed of light [ spirdov'lait] — ckopocTh cBeTa

split [split] — pacuienisaTh, pacuerisiTbes

splitted ['splitid] — paciierni€HHbII

splitter ['splito] — paciuenuresb, pacipeaeinuTellb, CBETOAEINTEIb

spontaneous emission [spon'temnios I'mif(9)n| — CIOHTaHHOE U3JIy4eHUE, CIIOHTAH-
Hasi SMUCCHSI

spontaneously [spon'teiniasli] — CIIOHTAaHHO, CAMOIIPOU3BOJILHO

spurious results ['spjuarias r1'zalts] — JIoXHbIE pe3y/IbTaThl, HETOYHbIE PE3YJILTAThI

spurious signal ['spjuarios 'sign(s)l] — JOXHBIA CUIHAJ, HAPa3UTHBIA CUTHAN, MO-
OOYHBII cUTHaJ

squeezed light [ skwiizd 'lait] — cxkaThIit cBeT

stand side by side — cTosTh psgnom (60K 0 OOK)
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standard candle [steendad 'keendl] — cranmapTHasi cBeya, STaJlOHHasl cBeva, dTa-
JIOHHBI UCTOYHUK CBETa

standing wave [ steendin'werv] — cralimoHapHasi BOJTHA, CTOslUasi BOJTHA

startling effect [sta:tliy 1'fekt] — mopasuTenbHbIA (MOTPSICAIOIINIA, YIUBUTEIBHBIN)
addekr

state of polarization ['steitovpoul(a)rai'zeif(e)n] — mossipu3almsi, COCTOSIHUE IMO-
JISIpU3aLIuNA

state-of-the-art [ stertovor'a:t| — HoBeWIINMiA, MepeaOBO, HAXOMSIINIICS Ha YPOBHE
COBPEMEHHOTO Pa3BUTHSI, COOTBETCTBYIOIINI ITOCICIHEMY CJIOBY TEXHUKU

statement ['steitmont] — 3asBieHMUE, YTBEPXKIECHUE

statistical significance [sto'tistik(9)l sig'nifikons] — craTucTuyeckas 3HaYMMOCTh

steady ['stedi] — meiaTh yCTOMYMBBLIM, Oe/IaTh PABHOMEPHBIM, CTAHOBUTHCS YCTOM-
YUBBIM, PABHOMEPHBIM, IIPUBOIUTL B PABHOBECUE, YKPEIUIATD || yCTOMYMBBII

steady state [stedi'steit] — cTallMOHAPHBIN PEXUM

steady-state population inversion [stedr'stertpopjo'lerf(a)n mn'vsif(ea)n] — uHBepc-
Hasl HACEJICHHOCTh B YCTOMYMBOM COCTOSTHUM

stem from ['stemfrom| — KOpeHUTHCS, IPOUCXOAUTH, BECTU HA4yajo, IIPOUCTEKATD,
BO3HHUKATh

still further [stil'f3:00] — ewmé nanbiie, 6oee TOTO

stimulated Brillouin scattering — BbiHyXIeHHOe paccesiHue MaHaenplrama—
BpwutiosHa, BEIHY:KIEHHOE OPMIIITIOOHOBCKOE paccestHUe

stimulated emission cross-section ['stimjalertid 1'mif(a)n 'krossek[(a)n] — ceueHue
CTUMYJIMPOBAHHOTO M3JIyYCHUS

stimulated Raman scattering (SRS) — BbIHyXXIeHHO€ KOMOMHAIIMOHHOE paccesi-
HUE

stimulated recombination ['stimjolertid ritkombi'nerfon] — BbIHYXXIeHHas1 PeKOM-
OMHAIINSI, MHIYLINPOBaHHAS PEKOMOWHAIINS

stimulated scattering ['stimjolertid 'skeet(o)rin] — BBIHYXXIEHHOE paccesiHue, CTU-
MYJIMPOBAHHOE paccestHre, MHIAYLIMPOBAaHHOE pacCcesHue

stoichiometric crystal [ storkio'metrik krist(a)l] — cTexoMeTpuYecKuii KpUCTAIUT

stoichiometric laser [stoikia'metrik leiza] — cTexnomeTpuyeckuii iazep

stoichiometric material [ stoikia'metrik motiorial] — BelecTBO CTEXMOMETPUIECKO-
ro cocTtaBa

stoichiometry [storkr'omitri] — cTeXuoMeTpusi, CTEXMOMETPHUS peaKIInK, CTeXHOMe-
TPUYCCKUI COCTaB

Stokes wave |['stoukswerv] — BoiHa CTOKCa, CTOKCOBA BOJTHA

storage ['stoirids] — mamMsTh, HaKOILJIEHUE

store [sto:] — XpaHWUTB, 3amacaTh, HaKaIUIMBATh

store energy |[storr'enadii| — aKKyMyJaMpoBaTh SHEPTUIO, HAKATUTMBATD SHEPTUIO

stored energy [sto:d'enad3i| — HaKoTUIEHHAsT SHEPTUS

strain sensor [strein'sensa] — natyuk aeopMalnii, TEH304yBCTBUTEIbHBIN JaTIUK

strain waves [ strein'wervz| — BOJHBI YIIPYTrOCTH, YIIPYTHe BOJTHBI

strict [strikt] — cTporuii, TOuHbI

stuff [staf] — MaTepuan, cocraB, BEIIECTBO (U3 ue2o umo-a1. COCIOUM)

subatomic particle [saba'tomik ‘pa:tikl] — cyGaToMHast yacTuiia, ajaeMeHTapHast Jya-
ctuua

submarine [sabma'riin] — TOXBOMHBIN || TOABOTHAS JTOTKA
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subscriber loop [sob'skraibsluip] — aGoHeHTCKOe OTBeTBIICHUE, aOOHEHTCKAs Jv-
HUSI, aDOHEHTCKUU KOHTYP

subsequent ['sabsikwont] — mocaenyOLInii, CIEAYIOINI, TaIbHEUIINIA

subsequently ['sabsikwontli] — BIiociencTsuu, B AaJbHEMIIEM, Aajee

substance ['sabst(o)ns] — BelecTBO, CyOCTaHIIUS

substitute ['sabstitju:t] — ncnoabp3oBaTh BMECTO, 3aMEHUTD; IIOACTABIAT (info)

subtend [sab'tend] — ipoTUBONEKATh (00 yene), CTATUBATD (Veos)

succeed in [sok'siidin| — mo6GuTkCsT ycmexa B, TIpeycIieThb B

succession [sok'sef(a)n] — mocienoBaTEIBHOCTD

suffer from ['safo from] — cTtpamatb ot

sufficient [so'fif(o)nt] — mocraTouyHbI

suitable ['s(j)u:tobl] — nomxomsiuuii, MPUIOAHBINA, COOTBETCTBYIOLUMWIA, TOMHbIIA,
TIPUMEHUAMBIN

suite [swiit] — KOMIUJIEKT, HAOOP, KOMILJIEKC

sum frequency ['sam fritkwonsi| — yacTora cyMMapHOTO CUTHaJIa, YacTOTa CUTHAaJIa,
CyMMapHasI 9acToTa

sum up ['sam'Ap] — MHOOBITOXUBATH, CyMMUPOBaTh, 00001aTh, MOABOAUTH WTOT,
CKJIaJIBIBATh

summarize ['sam(o)raiz] — cyMMHUpOBaTh, ITIOABOAUThH UTOL, PE3IOMUPOBATH

summit ['samit] — BepiumHa

superimpose [ s()up(a)rim'pauz| — HaKIAAbIBATh (00HY 60MHY HA Opyeyio)

superior to [s(j)u:'proriota] — ydiie, 4eM || mpeBoCXonAImii (4TO-11u60)

superposition [s(j)uipopa'zif(a)n] — HajOXeHME, CYTTEPITO3ULINS

superposition principle [s(j)uipopa'zif(e)nprinsopl] — TPUHLIMIT CYMEPIIO3UIINH,
OPUHINT HAJTOXKCHUS

surround [soraund] — oKpyKeHHUe || OKpyKaThb

surroundings [so'raundinz] — OKpecTHOCTH, OOCTAaHOBKA, OKpYXEHHUEe, cpena

sustain oscillation [so'steinosrlerf(a)n] — momnepkUBaTh TeHEPAIIWIO, MOIIEPKI-
BaTb KOJIeOaHUsI

switch between modes ['switf bitwiin 'moudz] — nepexiovaTh pesKUMBbI pabOTHI

synchrotron ['sikroutron] — CHHXpOTPOH || CHHXPOTPOHHBIIA

T

take into account — npuHUMaTh BO BHUMAaHUE, YYUTHIBATh

take pains [teik 'peinz| — npwiaraTh ycunust, 6paTh Ha ceOst TPy, MOCTapaThCst

taken together ['teik(a)n to'geda] — B cBOeil COBOKYITHOCTH, B3SIThle BMECTE

tangential to [teen'dsen[(9)] to] — HampaBJEHHBIN O KacaTeJIbHON K

tangentially [teen'dsenf(a)l1] — oTHOCUTENBHO, TTO KacaTelbHOM

target [‘ta:git] — wesib, MUILEHD || HALIEIMBATD

Tbit (terabit) ['terabit] — TepabuT (00un mpuiiuon 6um)

technical staff [teknik(o)l'sta:f] — MHXEHEpHO-TEXHUYECKUI MEPCOHAN, TEXHUYE-
CKMU TIepCOHAJI, IITAT CITeIINAIMCTOB

technique [tek'ni:k] — meTon, crmoco6

techniques [tek'ni:ks] — TexHMKa, METOABI, CLIOCOOLI, IPUEMBDI

telecom ['telokom]| — TeJeKOMMYHUKALIWSI, TabHSIST CBS3b

telecommunications [telikomjuinr'kerfnz] — cpenctsa nanbHeill CBS3M, TeXHUKa
CBSI3U
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temperature reference ['temp(a)ratfo 'ref(o)r(o)ns| — aTagoH TEMIIEpATYpPhI

temperature stability ['temp(o)ratfo sto'biloti] — TepMOCTAOMILHOCTD, TEPMOYCTOM -
YUBOCTH

tempering ['temparin| — OTIIyCK, 3aKajika, TepMOOOpaboTKa

tend to ['tend to] — UMeTb TEHACHLMIO K, CTPEMUTHCS, UMEET OOBIKHOBEHME

terminal ['t3:min(a)l] — TepMMUHAJ, KOHEYHBIN ITyHKT

terminal node [,t3:min(o)l 'noud| — BeIBOI TepMHUHaa, KOHIIEBasi BEPIIMHA, KOHIIEC-
BOH y3eI

terminal state [ t3:min(o)l'stert] — HYKHUIT pabouuii ypoBeHb

the very — nMeHHO TOT, KakK pa3

theoretical performance [O1o'retik(a)l po'formons] — TeopeTuueckue xapakTepu-
CTUKHU, paCYETHBIC XapaKTePUCTUKN, TEOPETUIECKasl IIPON3BONUTEILHOCTh

theoretical treatment [O1o'retik(o)] 'trirtmont] — TeopeTuyecKoe pacCMOTpEHUE, Te-
OpeTUYECKOe HUCCIeIOBaHNE

theorist ['O1orist] — TeopeTuk

thereby [0ca'bar| — TeM caMbIM, TAKMM 00pa3oM, TTOCPENCTBOM 3TOTO

therefore ['Oeafo:] — ciemoBaTenbHO, O3TOMY, BCIEACTBUE ITOrO

thermal conductivity ['03:m(a)] kondak'tivatl] — TenmI0NPOBOAHOCTD, YaeIbHAS Te-
TUIOTIPOBOMHOCTD, KO3()(UIIMEHT TEeTIJIOIIPOBOTHOCTHI

thermal detector ['O3:m(a)] dr'tekto] — MHAMKATOP TEILUIOBOTO M3JIy4YEHMSI, TEILIO-
BOI IETEKTOP

thermal excitation ['O3:m(a)l eksr'terf(e)n] — TeruioBoe BO3GYXIeHUE, TEpMUYE-
CKO€ BO30YyKIeHUE

thermal processing ['03:m(a)] 'prousesin| — TepMooGpaboTKa, TepMUYecKast oopa-
0oTKa

thermopile ['O3:mopail] — TepmosnekTpuueckass OaTapesi, TepMmobarapest (u3
mepmonap), TePMOCTOJIONK, TepMoIIapa

third harmonic generation [03:d ha:'monikd&ena'rerf(a)n] — reHepaius TpeTbeid
TapMOHUKN

this is not the case — neno o6cTOUT HE Tak

thorough understanding ['Oara ando'steendin]| — moaHoe MoHWMaHWE

three-dimensional image [Ori:dar'menf(o)n(o)l Tmid3] — TpexmepHOe M30Opaxke-
HUE, IPOCTPAHCTBEHHOE M300pakeHIE

three-level laser system — jazep ¢ Tp€XypOBHEBOU SHEPreTUUYECKON CXEMOI, TPEX-
YPOBHEBBI JTazep

three-level system — TpéxypoBHeBas cucTemMa

threshold ['Oref(h)ould] — mopor, moporosast MUHTEHCUBHOCTb, IIOPOTOBbIII YPOBEHb
| moporossrit

threshold comparator [ Oref(h)suld kom'paerata] — moporoBoe ycTpoicTBO, KOMITa-
parop

threshold current [Oref(h)suld 'kar(a)nt] — MTOPOTOBBII TOK, MAKCUMATBHBII TOK

threshold value [Oref(h)suld 'veelju:] — moporoBoe 3HaueHue

through [Oru:] — mocpencTBoM, yepe3

throughput ['Oruiput] — DTpoM3BOAUTEIHLHOCTD, BLIPAOOTKA, MPOITYCKHAsI CIIOCO0-
HOCTh

thumb drive ['Oam,draiv] — drenr-Hakonurenb, dueinka

thus [0As] — Tak, TakuM 0Opa3oM, UTaK, COOTBETCTBEHHO
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tight [tait] — Kpenkwuii, TIOTHBINA, TYrOi, TECHBII, TEpMETUYHBIN

time coherence [tarm ko(u)'hior(e)ns] — BpeMeHHast KOTepEHTHOCTD

time lag ['tarm laeg] — oTcTaBaHUE BO BpeMeHM, 3ala3iblBaHe, TIEPUOI OXKUIAHUS

time-reversed reflection [tarmrr'vsist rrflekf(ea)n] —  wWHBepTHpOBaHHOE
(obpawéunoe) Bo BpeMeHU (6cmpeuroe) OTpakeHHNe

timing accuracy [taimin 'eekjorasi] — TOYHOCTh ONpeneSeHUs BDeMEHHBIX MHTepBa-
JIOB, TOUYHOCTh CMHXPOHU3AIINH

tiny ['tamni] — o4eHb MaJeHbKUIA, KPOLICYHBII

to a small extent — B HE3HAYUTEIBLHOU CTENEHU

to be sure — HeCOMHEHHO, 6€3yCJIOBHO, KOHEYHO

to date — Ha CerOmHSIIIHUI IeHb, 0 CUX IIOP, 0 HACTOSIIETO BpeMEHU

to our knowledge — HacCKOIBKO HaM U3BECTHO

to some extent — 10 HEKOTOPOU CTETIEHU

to unprecedented accuracy [to an'presid(o)ntid 'ekjorasi] — ¢ OecrpeLieaeHTHOM
(HEeOBIBAIOIT) TOUYHOCTBIO

trade-offs ['treidofS] — mIOCHl 1 MUHYCHI, OajlaHC MIPEUMYILIECTB U HEIOCTATKOB

trailing edge [ tretlin'eds] — 3amHuit GpoHT BONHBI (uMnYAbCA)

transient phenomenon |[trenziont fi'nominon| — TmepexomHbIi Mpoliece, sIBICHNE
P TIEPEXOTHOM IIpoIlecce

transition [tren'zif(o)n] — nepexon

transition probability [tren'zif(o)n proba'biloti] — BeposiTHOCTB TTepexona

transmission axis [treenzmif(o)n 'eksis| — ock nMporycKaHus

transmission capacity [treenzmif(e)n ko'paesati] — mpomyckHasi ClHOCOOHOCTD, Te-
penaBaeMasi MOIITHOCTD

transmission length [treenzmif(a)n 'len©] — mmHa 30HBI IepenaYn HAMPSKEHU A

transmission rate [treenzmif(e)n 'rert] — MPOU3BOAUTETBHOCTh UCTOYHUKA MHGDOP-
MalliM, TEeMII IIepeladd, CKOPOCTb PACIPOCTpPaHCHUs, CKOPOCTh Iepeaadyu
TaHHBIX

transmitted intensity [trenzmitod m'ten(t)soti] — WHTEHCUBHOCTH TPOIIEIIIETO
W3IIyICHUS

transmitted light [treenz mitod'lait] — mponyIieHHBINM CBET, TPEJTOMIEHHBIN CBET

transmitted light intensity [treenz'mitod lart mn'ten(t)soti] — MHTEHCUBHOCTD CBETa,
TIPOIIEAIIEro Yepes MIEHKY

transmitter optical train [treenz'mito,optik(9)l 'trein] — cucTeMa ONTUYECKUX BJIe-
MCHTOB TIepeIaTdynKa

transmitter power [treenzmits 'paus] — MOIIHOCTh TiepeaaTINKa

transparency [treen'sper(o)nsi] — MpoO3pavyHOCTb; IIpo3pavyHas IJIEHKA, U300paxke-
HUE Ha TIPO3PavYHON ITOIIOXKKE

transparent [treen'spaer(o)nt] — po3pavHblii, IPOCBEYNBAIOIINIA

transponder [tren'sponds] — MOBTOPUTEIb CUTHAJIOB, PETPAHCISTOP, TPAHCIIOH-
Iep, mpeodpa3oBaTellb HEIIPEPHIBHBIX TaHHBIX B IIN(MPOBHIC

transverse [treenz'vs:s| — romnepevHblin

transverse direction [trenzyvs:s di'rekf(9)n/dai-] — monepeyHoe HarpaBieHUe

transverse electromagnetic mode (7EM) [treenz'va:s 1lektra(u)meeg'netik maud] —
TMOTIEPEeUHBIN 3JIEKTPOMAarHUTHBIN TUI KojieOaHui, BojHa Tuna 1T EM

traverse [tro'vsis| — mepecekarb

trivalent [trar'veilont]/['trivalont] — TpéXBaleHTHBII
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trough [trof] — momomrBa BOJHEI

trunk communication |[trank komjuinr'kerf(e)n] — MexmyropomHasi cBsI3b, Maru-
CTpaJibHasI CBSI3b, NAJTBHSS CBSI3b

tunability [ tjuina'biliti] — mepecrpanBaeMoCThb

tunable ['tjuinobl] — nmepecTpanBaeMblii

tunable dye laser [tjuinabl 'daileizo] — mepecTpanBaemblii 1a3ep Ha Kpacutelie

tunable laser [tjuinabl 'leizo] — mepecTpauBaeMblil Ja3ep, Jazep ¢ MEPECTPONKON
YaCTOTHI

tunable optical filter ['tjurnobloptik(o)l 'filta] — mepecTpamBaemblii ONTUYECKUI
GuUIBTp

tune [t(j)uin] — mepectpauBarth (1azep)

tuning ['t(j)uinin] — nepecrtpoiika (vacmomut), NOAPEryIUPOBKA, MOACTPOIKA

two-beam interference ['tu:bizm,inta'fior(e)ns] — aByx;yueBast uHTEpdEpEeHIINS

two-state saturation ['tu:stertsat((9)'rerf(a)n] — IByXypoBHEBOE HaChIILIEHUE

typically ['tipik(a)li] — KaK mpaBKUIIO, YACTO, HEPEIKO, OOBIYHO

U
ubiquitous [jur'bikwitos] — ITOBCEMECTHBIN, Be3IeCyIINil, TOBCEMECTHO pPacCIpo-
CTpaHEHHBIN
ultimately ['Altimatli] — B KOHeUHOM cuéTe, B KOHIIE KOHIIOB, caMOe IIaBHOE, Mpe-
JKIIe BCETO

ultrafast ['Altrofaist] — cBepXOBICTpHI, CBEPXCKOPOCTHOM, OBICTPOACHCTBY IO

ultraviolet (UV) light [altro'vamslotlait] — yabrpacduoneroBoe usznydyeHue, YD-
U3JIydeHue, yabTpachuogeTOBbIN CBET

ultraviolet spectral region [altro'varalotspektr(o)l 'ridz(e)n] — ynsrpaduoneToBast
00J1acThb CrieKTpa

uncertainty [An's3:t(9)nti] — HOTPEIHOCTb, HEAOCTOBEPHOCTh, HEONPEAEIEHHOCTD,
HETOYHOCTh

under the project [ Andoda'prodsekt] — o MpoexTy, B COOTBETCTBUU C IIPOESKTOM

underlie [Anda'lar] — yiexkaTh B OCHOBE

underlying [ Andod'latiny] — 6a3oBblil (Hanp., 0 mexHosoecuu), OCHOBOIIOJIATAIOIINIA,
OCHOBHOI, JIEXXalluil B OCHOBE

undoubtedly [an'dautidli] — HecoMHeHHO, 6€3 COMHEHUSI

unfortunate [An'fortf(o)not] — HeyMeCTHBIN, HeCYACTIIMBLINA, HEyIaUHbII

unfortunately [An'fo:tf(e)notli] — K HecyacTbhiO, K COXAJIECHUIO, XKajlb

uniform [juiniform] — omHOPOIHBIN, paBHOMEPHBIN

uniformly distributed ['jumniformli dr'stribjuitid] — paBHOMepHO pacnpeneaEHHbIN

unintended [ Anin'tendid] — HenpeaycMOTpEeHHbIN, HEHAMEPEHHbII

unique [jur'nizk] — oMHO3HAYHBIN, OMHO3HAYHO OMPEIeIIeMbIil; YHUKATbHBIA

uniquely [ju:r'nikli] — omHO3HAYHO, YHMKAIBHO, EIMHCTBEHHO, EMMHCTBEHHBIM 00-
pazoM

unit [juinit] — eqHWIIAa U3MEPEHUS

unit of length [juinitovlen®] — enHMIIa TTUHBI

unity [juiniti] — enmHuua (4ucao)

unobstructed [ Anab'straktid] — GecripensaTCTBEHHBINM, CBOOOIHBIN

unoccupied [An'okjopard] — cBOOOIHBIN, He3ATTOJTHEHHBII
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unperturbed [Anpa't3:bd] — 6e3 U3BMeHeHU, HEeBO3MYIIIEHHBIN, HEHAPYIIICHHBIM

unpolarized light — ectecTBeHHBIl CBET, HEMOJISIPU3OBAHHBIN CBET

until recently [ontil 'rizs(e)ntli] — mo HemaBHEro BpeMeHU

unwanted [An'wontid] — HexenaTeJbHbINA, HEXXETaHHbIA

upgrade [Ap'greid] — MomepHU3UPOBATh, COBEPIIICHCTBOBATH

upper laser level — BepxHUii 1a3epHBI YpPOBEHb

user-friendly [ju:zo'frendli] — UHTYUTUBHO TIOHATHBIN, MPAKTUYHBIN, YIOOHBIN B
YIIOTPEOJIICHUH, TIPOCTOM B OKCILTyaTalluK

utilize [ju:tilaiz] — ncnonb30BaTh, MPUMEHSITh

v

vacuum field ['vaekjuim,fizld] — BakyymHOe 11071€

vacuum fluctuations ['vaekju:m flaktfu'erf(e)nz] — BakyymHbIe GayKTyanuu, Giayk-
TyaluM BakKyyMa

vacuum ultraviolet ['veekjuimaltra'varolot] — BakyyMHBbINI YJIBTpadUOJIET, BAKyyM-
Hoe Y® usiydyeHue

valence ['verl(o)ns] — BaJIeHTHOCTh

valence band ['veil(o)nsbaend] — BajeHTHas1 30Ha

valid ['veelid] — oO60ocHOBaHHBIN, IEUCTBUTEIBHBIN, UMEIOLIWI CUITY

validity [vo'lidoti] — meiicTBUTEIBHOCTh, 00OCHOBAaHHOCTH, TOUHOCTD;
rigorous validity — abcoitoTHasi TOUHOCTb

vanish ['venif] — ucuesarp, nmponagaTh, CTPEMHUTLCI K HYITIO

vaporize ['veip(o)raiz] — BeIlTapuBaTh, UCMApPsITh, IIpeBpallaTh B Iap

variable ['veorrobl] — mepeMeHHBIN, HETIOCTOSHHBIN || TIepeMeHHas BEJIUYMHA, Tie-
peMeHHast

variation [vearr'elf(o)n] — BappupoOBaHue, U3MEHEHUE, HEPABHOMEPHOCTD

vary ['veori] — U3MEHSITb, U3BMEHSThCSI, MEHSITh, PA3HOOOPA3UTh

vector quantity ['vekto kwontoti] — BeKTOpHasl BeJIMYMHA

velocity of light [ vektorav'lait] — ckopocTh cBeTa

velocity of propagation [vi'losatr ovpropa'gerf(e)n] — cKOPOCTb pacripoCTpaHEHMS

velocity distribution [vi'losoti distri'bjuzf(e)n] — pacrpeneneHue cKopocTeid, pac-
MpeesieHrue IT0 CKOPOCTU, CIEKTP CKOPOCTei

versatility |[vsiso'tiloti] — pa3HooOpasue, yHUBEPCaJIbHOCTb, MHOTOCTOPOHHOCTb,
Pa3HOCTOPOHHOCTh

version ['v3:(9)n] — BepcHsi, BapuaHT, MOTU(UKALIAS

versus ['v3isas| — B CpaBHEHUHU C, IIPOTHUB, B IPOTUBOBEC

viability [ vara'biloti] — >k1M3HEeCIOCOOHOCTh, JKU3HEHHOCTD, JKM3HECTOMKOCTD

viable ['vaiobl] — meliCcTBYIOLINIA, JKM3HECITOCOOHBIN, 1IeJIeCO00pa3HbI

vibration plane [vaibreif(o)n'plein] — mI0CKOCTH KOMeOaHMI

vibration-free [vaibreif(o)n'fri:] — ¢ MaiabIM ypoBHEM BUOpaLiii

vibrational energy level [varbreif(o)nal 'enadsilev(a)l] — KosebaTeabHbBIIN YPOBEHb,
KoJIeOaTeIbHbII SHEPreTUYECKUIl YPOBEHb

vibrational mode [vaibrerf(o)nal'moud] — KojebaTenbHass Moma, TUIT KOJeOaHMIA,
XapakTep KoJjieOaHUit

vibrational transition [vaibreif(o)nal treen'zif(a)n] — KosedaTeNbHBIA SHEPreTUYE-
CKUI1 mIepexol, KojaebaTeIbHbII Tepexot
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vibronic transition [vaibronik treen'zif(e)n] — BUOPOHHBIN Mepexol, 3JEKTPOHHO-
KoJIeOaTeIbHBIN TTepPeXo]T

video transmission system ['vidioutreenzmif(o)n'sistam| — cuctema nepenadu Tese-
BU3MOHHBIX N300paXkeHWA, cUcTeMa TIepenadyr BUAeOCUTHAIA

violent disturbance [varal(o)nt di'st3:b(e)ns| — cuIbHOE BO3MYIIIEHHE

virtual ['v3:tfuol] — BUpPTya/IbHBII, CO30AHHBIA MCKYCCTBEHHO, CMOIEIMPOBAHHBII,
MHUMBIi1, BO3MOXHBII; JefiCTBYOLIUA, 3((HEeKTUBHBII

virtual image [ v3:tfusl''mids] — MHUMOe U3006paxkeHre, BUPTYaIbHOE U300pakeHNE

visible laser ['vizablleiza] — masep BuaMMOro nuamnasoHa; Jiadep, pabOTalolIMii B
BUIOUMOM 0OJIACTH CITEKTpa

visible laser rangefinder ['vizabl leizs 'reindz,fainds| — nazepHblit nanbHOMED BUAM-
MOTO IHaIta30Ha

visible portion of the electromagnetic spectrum [yvizobl'po:f(a)navdr 1lektra(u)
megnetik 'spektrom| — BuauMasi 4acTh 3J€KTPOMArHUTHOIO CIIEKTpa

visible region of the spectrum [vizabl ri:d3(e)n avds 'spektrom| — BUAUMAsS 06-
JIaCTh CIIEKTpa

visible spectrum [vizabl 'spektrom]| — onTudeckasi 06;1acTh CreKTpa, BUaMMasi 06-
JIaCTh CIIEKTpa

vitreous material [,vitrios ma'tiorial] — cTeKJIOBUIHBIN MaTepua

voltage ['voultidz] — HampspkeHUE, 2/IEKTPUUECKOE HAMPSKEHUE, Pa3HOCThb IMOTEH-
L1aJIOB, BOJBTAXK

W

walk-off ['woikof] — cHoc (nyuka aaszepa)

waste heat ['weisthiit] — U30BITOUHOE TETUIO, OTXOMSINAST TETUIOTA, UCITOJIb30BaH-
Hasl TeIIoTa

watt (W) [wot] — BarT (Bm)

wave number ['werv,namba] — yactora ¢hopMbl BOJHBI, BOJTHOBOE YKCIIO

wave optics ['werv,optiks| — BoJTHOBast onTvKa, (pusnuveckasi Ornrruka

wave surface ['wervss:fis| — (pPOHT BOJIHBI, BOJHOBasi MOBEPXHOCTb, BOJTHOBOW
GpoHT

waveband ['wervband] — auana3soH BOJIH, 0J0Ca YaCTOT

wavefront ['werv,frant] — ppoHT nMMysIbca, BOJTHOBOM (DPOHT

waveform ['werv,form| — kosne6anue, curHai, dopma KojiebaHuit, hopMa cUTHaIa

wavelength ['wervlen©] — mirHa BOJIHBI

wavelength range ['wervlenO reind3] — nuamnazoHbl JUTMHBI BOJHBI, TUala30H BOJTH

wavelength-division multiplexing (WDM) [‘'wervlen® diviz(o)n ‘maltipleksin] —
CHEKTpaIbHOE pa3leieHNe, CIIEKTPaJbHOE YIUIOTHEHUE, CIIEKTpallbHOE 00be-
IWHEHUE 110 JUIMHAM BOJIH

wavelet ['wervlot] — BoysiHa MaJioil JIMTEIBHOCTHU, BOJIHA MaJIOM aMIUIMTYIbI, dJie-
MEHTapHasl BOJIHA UMITYJIbC

weak pulse [ witk 'pals] — crnaGwiit mysbe

well-known (for) [wel'noun| — MMPOKO U3BECTHBIN, OOIIEU3BECTHBII

white light [ warit'lait] — axpomaTuyeckuii cBeT, OejIblii CBET, JHEBHOM CBET

wide angle lens [waid'zengl 'lenz] — mmpokoaneptTypHas JIMH3a, IUPOKOYTOJbHbBIIA
OOBEKTUB
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widespread ['waidspred] — LIMPOKO pacHpoOCTpaHEHHbBIA, MACIUTAOHbBII, pacIpo-
CTpaHEHHBIN

width [widO| — mupuHa (umnyasca), ITUTETHLHOCTD (UMIYAbCA)

Wiener’s method ['wiinozmeBad| — meTon Bunepa

with respect to [widrr'spekto] — 4TO Kacaercsi, OTHOCUTEIbHO, IIPUHUMAsI BO BHU-
MaHUe

with the aid of — ¢ momomb0

withdraw [w10'dro:] — cHuUMaTh, yoaisiTh, yoOupaTh, U3BJICKATh

withstand high irradiance [wid'steendhar 1'reidions] — BbIZepKUBaTh U3JIydeHHE
BBICOKOI MHTEHCUBHOCTH

work well [\w3:k'wel] — OBITH IPUMEHUMBIM (0 Meopusix), OTPaBIBIBATHCS

workhorse ['w3:kho:s] — paGoumii opraH, MCIIOJIHUTEIbHBIA MeXaHM3M, pabodast
JIomagKa

workstation ['w3:ksterf(a)n| — (aBTOMaTU3MpoBaHHOE) pabodyee MECTO

X
X-ray laser [eksrer'leizo] — nazep peHTTEHOBCKOTO U3JIy4eHMSsI, PEHTTEHOBCKUIA J1a-
3ep
X-ray source [eksrer'sois| — peHTTeHOBCKHiIT UCTOYHUK, UCTOYHUK PEHTIEHOBCKUX
Jay4den

X-ray region [eksrerridz(o)n] — auana3zoH peHTIEHOBCKOTO W3 IyYeHMSI

X-ray spectral region [cksrer 'spektr(a)lriidz(e)n] — cnekTpajabHbI aUana3oH
PEHTIE€HOBCKOTO U3IyYeHMUS

xenon flashlamp [ zi:non 'fleflamp] — KCeHOHOBasE UMITYJIbCHASI JlaMIIa

Y

YAG (yttrium-aluminum garnet) [yag| (['ttriom o'luimmom 'gainit]) — aaoMOuUT-
TPUEBBIN TpaHaT, UTTpUATIOMUHUEBLIN TpaHat (MAI)

YAG laser [jegleizo] — nazep Ha aTIOMOUTTPUEBOM TpaHaTe

yield [ji:ld] — maBath, BeIZaBaTh, MPOMU3BOIUTD, BRIPAOATHIBATh

Z

zero phonon line ['zioroufounon'lain] — 6ecchoHOHHasT TUHUS

zero-phonon-line energy ['ziorou 'founonlamn 'enad3i] — HyJleBoli aHEpTreTUYECKUIA
ypoBeHb (hOHOHA

zinc selenide (ZnSe) [,zipk'selonaid] — muHK ceneHu
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Appendix 3

Answer key
Module 1

Supplementary reading tasks
Task 1: 2,4, 1, 6, 3, 5.

The Cause and Effect Relationship in Vision

Despite its title, this chapter is far from your first look at light. That
familiarity might seem like an advantage, but most people have never thought
carefully about light and vision. Even smart people who have thought hard
about vision have come up with incorrect ideas. The ancient Greeks, Arabs
and Chinese had theories of light and vision, all of which were mostly wrong,
and all of which were accepted for thousands of years.

One thing the ancients did get right is that there is a distinction between
objects that emit light and objects that don’t. When you see a leaf in the
forest, it’s because three different objects are doing their jobs: the leaf, the
eye, and the sun. But luminous objects like the sun, a flame, or the filament
of a light bulb can be seen by the eye without the presence of a third object.
Emission of light is often, but not always, associated with heat. In modern
times, we are familiar with a variety of objects that glow without being heated,
including fluorescent lights and glow-in-the-dark toys.

How do we see luminous objects? The Greek philosophers Pythagoras
(b) ca. 560 BC. and Empedocles of Acragas (b) ca. 492 BC., who unfortunately
were very influential, claimed that when you looked at a candle flame, the
flame and your eye were both sending out some kind of mysterious stuff, and
when your eye’s stuff collided with the candle’s stuff, the candle would
become evident to your sense of sight.

Bizarre as the Greek “collision of stuff theory” might seem, it had a
couple of good features. It explained why both the candle and your eye had
to be present for your sense of sight to function. The theory could also easily
be expanded to explain how we see nonluminous objects. If a leaf, for instance,
happened to be present at the site of the collision between your eye’s stuff
and the candle’s stuff, then the leaf would be stimulated to express its green
nature, allowing you to perceive it as green.

Modern people might feel uneasy about this theory, since it suggests that
greenness exists only for our seeing convenience, implying precedence over
natural phenomena. Nowadays, people would expect the cause and effect
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relationship in vision to be the other way around, with the leaf doing something
to our eye rather than our eye doing something to the leaf. But how can you
tell? The most common way of distinguishing cause from effect is to determine
which happened first, but the process of seeing seems to occur too quickly to
determine the order in which things happened.

Today, photography provides the simplest experimental evidence that
nothing has to be emitted from your eye and hit the leaf in order to make it
“greenify.” A camera can take a picture of a leaf even if there are no eyes
anywhere nearby. Since the leaf appears green regardless of whether it is being
sensed by a camera, your eye, or an insect’s eye, it seems to make more sense
to say that the leaf’s greenness is the cause, and something happening in the
camera or eye is the effect.

Task 2. Para 2: to come up with = (b) to think of an idea; Para 4: to get
right = (¢) to understand correctly; to be familiar with = (c¢) to have a good
knowledge or understanding of something; a variety of = (a) a lot of things of
the same type that are different from each other in some way; Para I
luminous = (c) shining in the dark; stuff = (a) things (such as substances,
materials, or groups of objects) when you do not know what they are called,
or it is not important to say exactly what they are; Para 6: bizarre = (c) very
unusual or strange; Para 3: to feel uneasy = (b) to be worried or slightly
afraid; to imply = (a) to suggest that something is true or that you feel or
think something, without saying so directly; precedence over = (c) the
condition of being more important than somebody or something else; rather
than = (a) instead of something; Para 5: regardless of = without being affected
or influenced by something; to make sense = (¢) to have a clear meaning and
be easy to understand)

Module 2

Supplementary reading tasks
Task 1: 1) g; 2) d; 3) h; 4) a; 5) c; 6) b; 7) e; 8) i; 9) f.
Task 2: 4; 6; 5; 2; 3; 1.

Huygens’ Principle

Returning to the example of double-slit diffraction, f, note the strong
visual impression of two overlapping sets of concentric semicircles. This is an
example of Huygens’ Principle, named after a Dutch physicist and astronomer.
(The first syllable rhymes with “boy)”. Huygens’ principle states that any
wavefront can be broken down into many small side-by-side wave peaks, g,
which then spread out as circular ripples, h, and by the principle of
superposition, the result of adding up these sets of ripples must give the same
result as allowing the wave to propagate forward, i. In the case of sound or
light waves, which propagate in three dimensions, the “ripples” are actually
spherical rather than circular, but we can often imagine things in two
dimensions for simplicity.

In double-slit diffraction the application of Huygens’ Principle is visually
convincing: it is as though all the sets of ripples have been blocked except for
two. It is a rather surprising mathematical fact, however, that Huygens’
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Principle gives the right result in the case of an unobstructed linear wave, h
and i. A theoretically infinite number of circular wave patterns somehow
conspire to add together and produce the simple linear wave motion with
which we are familiar.

Since Huygens’ Principle is equivalent to the principle of superposition,
and superposition is a property of waves, what Huygens had created was
essentially the first wave theory of light. However, he imagined light as a series
of pulses, like hand claps, rather than as a sinusoidal wave.

The history is interesting. Isaac Newton loved the atomic theory of matter
so much that he searched enthusiastically for evidence that light was also
made of tiny particles. The paths of his light particles would correspond to
rays in our description; the only significant difference between a ray model
and a particle model of light would occur if one could isolate individual
particles and show that light had “graininess” to it. Newton never did this, so
although he thought of his model as a particle model, it is more accurate to
say he was one of the builders of the ray model.

Almost all that was known about reflection and refraction of light could
be interpreted equally well in terms of a particle model or a wave model, but
Newton had one reason for strongly opposing Huygens’ wave theory. Newton
knew that waves exhibited diffraction, but diffraction of light is difficult to
observe, so Newton believed that light did not exhibit diffraction, and therefore
must not be a wave. Although Newton’s criticisms were fair enough, the
debate also took on the overtones of a nationalistic dispute between England
and continental Europe, fueled by English resentment over Leibniz’s supposed
plagiarism of Newton’s calculus. Newton wrote a book on optics, and his
prestige and political prominence tended to discourage questioning of his
model.

Thomas Young (1773—1829) was the person who finally, a hundred years
later, did a careful search for wave interference effects with light and analyzed
the results correctly. He observed double-slit diffraction of light as well as a
variety of other diffraction effects, all of which showed that light exhibited
wave interference effects, and that the wavelengths of visible light waves were
extremely short. The crowning achievement was the demonstration by the
experimentalist Heinrich Hertz and the theorist James Clerk Maxwell that
light was an electromagnetic wave. Maxwell is said to have related his discovery
to his wife one starry evening and told her that she was the only person in the
world who knew what starlight was.

Task 3: 1) m; 2) h; 3) e; 4) a; 5) r; 6) n; 7) p; 8) b; 9) k; 10) d; 11) f;
12) i; 13) c; 14) q; 15) j; 16) o; 17) 1; 18) g.

Module 3

Ex. 4:1)i;2)e;3)h;4)c; 5 g;6)b; 7) f; 8) j; 9) a; 10) d.

Supplementary reading tasks

Task 1: 1) e; 2) ¢; 3) h; 4) g; 5) d; 6) b; 7) f; 8) a.

Task 2: 1) to; 2) to; 3) through; 4) to; 5) by; 6) between; 7) from.
Task 3: 1) e; 2) c; 3)i;4)a; 5)g; 6)b; 7) h; 8) f; 9) d.
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Task 4: 1) against; 2) by; 3) back; 4) to; 5) to; 6) to; 7) to, of, on; 8) at;
9) to; 10) from.

Module 4

Ex.3:1)h;2)j;3)e; H1;5) b;6)k; 7)d; 8)1i;9) f; 10) g; 11) a;12) c.
Supplementary reading tasks
Task 1: 1) b; 2) g; 3) e; 4)a; 5) h; 6)c; 7) f; 8) d.
Task 2: 1) for; 2) to; 3) on; 4) to; 5) at; 6) for.
Task 4: 1) f;2) h; 3) g; 4) a; 5) ¢; 6) e; 7) b; 8) d.
Task 6: 1) f;2)a; 3)e;4)g; 5)b; 6)c; 7)d.

Module 5

Ex. 8. Classes of laser sources

Class Type Method of pumping

1) neutral electronic transitions | electrical discharge:
2) ionic atomic active species cw; b) pulsed; ¢) dc or rf; d)
3) electronic transitions glow or arc

Gas 4) vibrational electron-beam excitation
5) rotational (neutral molecular | gas-dynamic expansion
active species) chemical reactions
6) molecular-ion active species | optical pumping by primary laser
1) organic dye Optical pumping by:
2) rare-earth chelate (organic 1) flashlamps

Liquid molecules) 2) pulsed primary lasers

3) lasers utilizing inorganic
solvents and trivalent rare-earth
ion active centers

3) cw primary lasers

Solid state

1) dielectric insulator
a) impurity-doped crystal
b) impurity-doped
amorphous material (such as
glass)
¢) insulating crystals
(stoichiometric, color center)

Optical pumping by:
1) flashlamps

2) cw arc-lamps

3) other laser sources

2) semiconductor

Optical pumping by:

1) electron beam

2) injection of electrons in a p-n
junction

Supplementary reading tasks

Task 1: 1) e; 2) g; 3)a;4)b; 5) f; 6) c
Task 3: 1) d; 2)a; 3)1;4) g; 5) b; 6) k

b

7) d.
7Y i: 8) £ 9) e; 10) h; 11) ¢; 12) j.
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Task 4:

locate location located investigate | investigation |investigable
locator investigator |investigative

dedicate dedication dedicated clarity clarification |clarified
dedicatee clarifier clarifying
dedicator

surround surround surrounding |install installation |installed
surroundings installer installable

explore exploration |explored detect detecting detected
explorer detection detectable

detector
Module 6

Ex.3:1)i;2)d; 3)g;4)c;5 h;6)j;7)k; 8) e; 9)f; 10) b; 11) a.
Supplementary reading tasks

Task 1: 1) of; 2) to; 3) from; 4) of; 5) on; 6) for; 7) in.
Task 2: 1) f; 2) a; 3)d; 4) e; 5) b; 6) h; 7) g; 8) c.

Module 7

Ex.2:1)c;2)f; 3)a;4)i; 5)b; 6)g;7)j; 8 e; 9) h; 10) d.
Ex.3:1)i;2)g;3)j;4) h;5)c;6)e; 7)a; 8) k;9)f; 10) d; 11) b.
Supplementary reading tasks

Task 1: 2, 4,5,1,7, 8, 6, 3.

Light is a Thing and it Travels from One Point to Another

An important issue that few people have considered is whether a candle’s
flame simply affects your eye directly, or whether it sends out light which
then gets into your eye. Again, the rapidity of the effect makes it difficult to
tell what’s happening. If someone throws a rock at you, you can see the rock
on its way to your body, and you can tell that the person affected you by
sending a material substance your way, rather than just harming you directly
with an arm motion, which would be known as “action at a distance.” It is
not easy to do a similar observation to see whether there is some “stuff” that
travels from the candle to your eye, or whether it is a case of action at a
distance.

Newtonian physics includes both action at a distance (e.g. the earth’s
gravitational force on a falling object) and contact forces such as the normal
force, which only allow distant objects to exert forces on each other by
shooting some substance across the space between them (e.g), a garden hose
spraying out water that exerts a force on a bush).

One piece of evidence that the candle sends out stuff that travels to your
eye is that intervening transparent substances can make the candle appear to
be in the wrong location, suggesting that light is a thing that can be bumped
off course. Many people would dismiss this kind of observation as an optical
illusion, however. (Some optical illusions are purely neurological or
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psychological effects, although some others, including this one, turn out to
be caused by the behavior of light itself).

A more convincing way to decide in which category light belongs is to
find out if it takes time to get from the candle to your eye; in Newtonian
physics, action at a distance is supposed to be instantaneous. The fact that we
speak casually today of “the speed of light” implies that at some point in
history, somebody succeeded in showing that light did not travel infinitely
fast. Galileo tried, and failed, to detect a finite speed for light, by arranging
with a person in a distant tower to signal back and forth with lanterns. Galileo
uncovered his lantern, and when the other person saw the light, he uncovered
his lantern. Galileo was unable to measure any time lag that was significant
compared to the limitations of human reflexes.

The first person to prove that light’s speed was finite, and to determine it
numerically, was Ole Roemer, in a series of measurements around the year
1675. Roemer observed lo, one of Jupiter’s moons, over a period of several
years. Since Io presumably took the same amount of time to complete each
orbit of Jupiter, it could be thought of as a very distant, very accurate clock.

A practical and accurate pendulum clock had recently been invented, so
Roemer could check whether the ratio of the two clocks’ cycles, about 42.5
hours to 1 orbit, stayed exactly constant or changed a little. If the process of
seeing the distant moon was instantaneous, there would be no reason for the
two to get out of step. Even if the speed of light was finite, you might expect
that the result would be only to offset one cycle relative to the other.

The earth does not, however, stay at a constant distance from Jupiter and
its moons. Since the distance is changing gradually due to the two planets’
orbital motions, a finite speed of light would make the “lIo clock” appear to
run faster as the planets drew near each other, and more slowly as their
separation increased. Roemer did find a variation in the apparent speed of
Io’s orbits, which caused Io’s eclipses by Jupiter (the moments when Io passed
in front of or behind Jupiter) to occur about 7 minutes early when the earth
was closest to Jupiter, and 7 minutes late when it was farthest.

Based on these measurements, Roemer estimated the speed of light to be
approximately 2 x 108 m/s, which is in the right ballpark compared to modern
measurements of 3 x 108 m/s. (I'm not sure whether the fairly large
experimental error was mainly due to imprecise knowledge of the radius of
the earth’s orbit or limitations in the reliability of pendulum clocks).

Task 2. Para 2: to affect = (b) to do something that produces an effect or
change in something or in someone’s situation, to send out = (c¢) to broadcast
or produce a signal, light, sound etc); Para 4: to spray out = (a) to force
liquid out of a container so that it comes out in a stream of very small drops
and covers an area; Para 5: a piece of evidence = (c) facts or signs that show
clearly that something exists or is true; to bump off course = (a) to move
something into a different direction; to dismiss = (c) to refuse to consider
someone’s idea, opinion etc), because you think it is not serious, true, or
important; to turn out = (a) to happen in a particular way, or to have a
particular result, especially one that you did not expect; Para I. a more
convincing way = (b) making you believe that something is true or right, to
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find out = (a) to get information, after trying to discover it or by chance; to
succeed in = (c¢) to do what you tried or wanted to do; to fail = (a) to not
succeed in achieving something; back and forth = (c) going in one direction
and then in the opposite direction, and repeating this several times; Para &
pendulum clock = (a) a long metal stick with a weight at the bottom that swings
regularly from side to side to control the working of a clock; Para 6: to draw
near = (b) to approach, come closer; Para 3: a ballpark = (c) a range of values.

Task 3: 1) f; 2) ¢; 3) h; 4) a; 5) e; 6) d; 7) g; 8) b.
Task 4: 1) g; 2) a; 3)d; 4) f;5) h; 6)i; 7) e; 8) b; 9) j; 10) c; 11) I; 12) k.

Module 8

Supplementary reading tasks
Task 1: 4, 6, 2, 5, 3, 1.

Production of fiber lasers in Russia

The Russian Corporation of Nanotechnologies will invest in expansion of
Russian production of advanced fiber lasers for cutting, welding, deposition,
and engraving of metal items and high-technology telecommunications
equipment for long-distance trunk communication at IRE-Polus, a subsidiary
of US-based IPG Photonics Corporation.

Founded by Russian scientists, IPG Photonics Corp. has, over the last
five years, become the world leader in high-performance fiber lasers and
amplifiers and systems based on them.

Fiber lasers offering a broad range of power (from 5 watts to 50 kilowatts)
are gradually replacing gas and many solid-state lasers. A diode pump and
nano-structured fiber make it possible to reach high output power, gain and
efficiency factor of up to 30 percent in commercial production, and reduce
cost of ownership up to 50 percent.

“This is our first partnership with a US listed company.The technology
used in the project is a great breakthrough. Its power, compactness, and low
cost of ownership open doors to more and more new applications for fiber
lasers.Already they can be used in solar batteries, medicine and electronics.
Domestic production of laser complexes based on these innovations will
enable Russia to re-fit strategic sectors - telecommunications, mechanical
engineering, and medicine with the latest equipment and instruments,” said
RUSNANO managing director Konstantin Demetriou.

IRE-Polus is expected to earn most of its income under the project from
sales of high-power fiber amplifiers and lasers with broad applications and
from telecommunications equipment. The company will manufacture
communications systems that use proprietary fiber optic technology: 40-Gbps
DWDM -transponders, reconfigurable optical multiplexers, optical amplifiers,
multiport 10-Gbps multiplexer/transponders, and other communications
equipment.

IRE-Polus develops and manufactures fiber lasers and amplifiers, optical
components, modules, instruments, subsystems, and systems for fiber,
atmospheric, and free-space optical communication; cable television; optical
radar; remote control of industrial objects and atmospheres; industrial
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complexes for laser welding, tempering, thermal processing, and marking;
control and measurement systems; sensors; scientific research; surgery; and
biomedicine.

Task 3: 1) f; 2) b; 3) g; 4) ¢; 5)i;6) a; 7) d; 8) e; 9) g; 10) h.

Module 9
Ex. 3:

research research, researcher — —

complete completion complete, completed completely

transpire transparence, transparency | transparent transparently

develop development developed, developing, | —

underdeveloped

vary variation, variable, various, variable, variously,

variability varied variably,
invariably

distinguish | distinction, distinguisher distinct, distinguishing | distinctly

displace displacement, displacing, —
displaceability, displacer displaceable, displaced

arrange arrangement arranged, prearranged | —

observe observation, observer, observant, observed observantly
observancy, observance,
observatory

separate separation, separator separated, separating separately

apply applicability, application, applied, applicable —
applicant

create creation, creator creative creatively

Ex. 6:1)b; 2) f; 3)a; 4)e; 5) d; 6) c.
Ex. 14: 1) d; 2) a; 3) b; 4) e; 5) c.
Ex. 16: Denisyuk’s discovery.

Module 10

Ex.2:1)e;2)d;3)a;4)g;5j;6)k;7)1;8)i;9) b; 10) f; 11) h; 12) c.

Ex. 5: Making a power measurement is often a simple process — just
place a photodetector head into a laser beam and read the digital display from
the power meter. This simplicity commonly leads to X novice mistakes,
however) The sensitivity of the detector can easily vary by 5% or more over
its surface. Even X miniscule reflections from the detector surface back into
the laser will cause X power fluctuations. Another commonly overlooked
factor is the effect of X transmissive optics on some measurements. And for
low X light levels or fast pulses, care must be taken to keep connecting cables
short to avoid X noise pickup or added capacitance, which slows X dynamic
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response. The operation of other instruments, particularly when measuring
low signal levels, can also cause X spurious results.

Supplementary reading tasks

Task 1: 1) k; 2) h, 3)a;4)e; 5)j;6)c; 7) g; 8)1i;9)1; 10) f; 11) d; 12) b.

Task 2: 1) d; 2) e; 3) b; 4) f; 5) a; 6) c.

Task 4: 7; 3; 2; 8; 5; 1; 6; 4.

Apollo 11 Experiment Still Going Strong after 35 Years

It was the summer of ‘69. Director John Schlesinger’s “Midnight
Cowboy” had won the Oscar for Best Picture; the Rolling Stones’ newly
released “Honky Tonk Women” was climbing the charts; 400,000 people
were gearing up to attend Woodstock...and America landed on the Moon,
making “one giant leap for mankind.”

On the afternoon of July 20, 1969, Apollo 11 astronauts Neil Armstrong
and Edwin “Buzz” Aldrin explored the surface of the Moon for two and a
half hours, collecting samples and taking photographs while Michael Collins
orbited in the command module Columbia. On July 21, about an hour before
the end of their final moonwalk, they left an experiment on the lunar surface
which, after 35 years, continues to work as well as it did the day it got there.
Called the lunar laser ranging experiment, it studies the Earth-Moon system
and returns data to scientific centers around the world, including NASA's Jet
Propulsion Laboratory.

The experiment consists of an instrument called the lunar laser ranging
reflector, designed to reflect pulses of laser light fired from the Earth. The
idea was to determine the round-trip travel time of a laser pulse from the
Earth to the Moon and back again, thereby calculating the distance between
the two bodies to unprecedented accuracy. Unlike the other scientific
experiments left on the Moon, this reflector requires no power and is still
functioning perfectly after 35 years.

The Apollo 11 laser reflector consists of 100 fused silica half cubes, called
corner cubes, mounted in a 46-centimeter (18-inch) square aluminum panel.
Each corner cube is 3.8 centimeters (1.5 inches) in diameter. Corner cubes
reflect a beam of light directly back toward its point of origin; it is this fact
that also makes them so useful in Earth surveying.

Three more reflectors have since been left on the Moon, including two
by later Apollo 14 and 15 missions and one (built by the French) on the
unmanned Soviet Lunokhod 2 rover. Each of the reflectors rests on the lunar
surface in such a way that its flat face points toward the Earth.

Once the laser beam hits a reflector, scientists at the observatories use
sensitive filtering and amplification equipment to detect any return signal.
The reflected light is too weak to be seen with the human eye, but under good
conditions, one photon — the fundamental particle of light — will be received
every few seconds.

The lunar laser ranging experiment is the only lunar investigation
continuously operating since the Apollo project. Improvements in lasers and
electronics over the years have led to measurements currently accurate to
about 2 centimeters (less than one inch).
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Scientists know the average distance between the centers of the Earth and
the Moon is 385,000 kilometers (239,000 miles), implying that the modern lunar
ranges have relative accuracies of better than one part in 10 billion.This level of
accuracy represents one of the most precise distance measurements ever made
and is equivalent to determining the distance between Los Angeles and New
York to one hundredth of an inch. “Technical improvements at the observatories
rejuvenate the lunar laser ranging effort,” Williams said. “When the range
accuracy improves, it is like getting a new experiment on the Moon.”

Task 5: Para 4: to climb the charts = (b) to move to a higher position
in popularity lists; to gear up = (a) to be prepared to do a particular activity;
Para 2: a sample = (c) a specimen taken for scientific testing or analysis;
moonwalk = (a) an act or period of walking on the surface of the moon;
Para 5: round-trip = (b) a journey to one or more places and back again;
Para & a corner cube = (c¢) a retroreflector; Para 3: a_mission = (b) an
expedition into space; Para I: to hit = (b) come into contact with something
stationary forcefully; Para 7: accurate = (a) correct in all details; Para 6: to
imply = (b) suggest something as a logical consequence, to rejuvenate = (c)
make something more lively and more efficient.

Module 11

Ex. 17: The qualities of detectors

Important detector qualities such as spectral response, rise time, and
sensitivity differ not only between types but also between different detectors
of the same type. These qualities are also influenced by the design of the
overall measurement system, including component specification.

Several parameters are used to characterize detector performance.
Quantum efficiency — the number of electrons generated per incident
photon — is a fundamental parameter that underlies the performance of many
types of detectors. Signal-to-noise ratio, which will be discussed in next
month’s article, is the ultimate figure of merit for a detector.

Supplementary reading tasks

Task 1:

Verb Noun(s) Adjective Adverb
— virtuality, virtue virtual virtually
evolve evolvement, evolving, evolvent | evolved, evolving —
attain attainability, attainment attainable —
prevent | prevention, preventing preventive, preventing | preventively
apply application, applicant, applied, applicable applicably

appliance

applicability
lose loss, loser, losing lossy, losing —
— spontaneity spontaneous spontaneously
store storing, storage, store storing, stored —
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Task 3: 1) ¢; 2) d; 3) h; 4) f; 5) a;
Task 5: 1) e; 2) j; 3) b; 4) c; 5) h;

Task 6: 5, 6,4, 2, 3, 1.

Random-number generator gets its input from quantum vacuum
fluctuations

Researchers at The Australian National University (ANU) are generating
true random (not quasirandom) numbers from a single-mode laser setup that
makes broadband measurements of the vacuum field. And, based on this
setup, they have a website that anyone who needs live random numbers can
access. The vacuum is actually an extent of space that has virtual subatomic
particles spontaneously and randomly appearing and disappearing. The setup
ANU makes measurements of the vacuum field contained in radio-frequency
sidebands of a laser; the resulting photocurrents are then transformed by an
algorithm into a string of random numbers that are generated at up to
2 Gbit/s.

Random number generation has many uses in information technology.
Global climate prediction, air traffic control, electronic gaming, encryption,
and various types of computer modeling all rely on the availability of unbiased,
truly random numbers. To date, most random-number generators are based
on computer algorithms. Although computer-generated random numbers can
be useful, knowing the input conditions to the algorithm will lead to predictable
and reproducible output, thus making the numbers not truly random.

To overcome this issue, random number generators relying on inherently
random physical processes, such as radioactive decay and chaotic behavior in
circuits, have been developed. The ANU random-number-generation process
is the fastest true-random-number generation scheme yet.

The random number generator is online and can be accessed from
anywhere at anytime around the world at .http://photonics.anu.edu.au/
goptics/Research/qrng.php. Anyone who downloaded live random numbers
from the ANU website will get a fresh and unique sequence of numbers that
is different from all other users). In collaboration with QuintessencelLabs, an
Australian quantum-technology company, the ANU team is now looking into
commercializing the system. The team hopes to have this technology
miniaturized down to the size of a thumb drive.

)

)
)

e;7)g; 8)b.
d; 7)a; 8)i;9) g; 10) f.

=)

Module 12

Ex. 1: 1) b;2)d; 3) h;4) a; 5)i; 6) 1; 7) e; 8) c; 9) g; 10) k; 11) j; 12) f.

Ex. 2: 1) b; 2) g; 3)j; 4) k; 5) a; 6) f; 7) ¢; 8) h; 9) b; 10) i;11) e;12) 1;
13) t; 14) 1; 15) s; 16) m; 17) n; 18) u; 19) o; 20) p; 21) v; 22) q.

Ex.4:1)c;2)d; 3)g;4)a; 5 k; 6)e; 7)b; 8)j; 9)f; 10) h; 11) i; 12) p;
13) v; 14) 1; 15) r; 16) m; 17) t; 18) q; 19) u; 20) s; 21) n; 22) o.

Ex.5:1)d;2)a;3)c;4)e; 5 b; 6)f.

Ex. 6: 1) result in; 2) resulted from; 3) bring about; 4) rely on; 5) build
up; 6) come from.

Ex. 7: 1) with; 2) on; 3) under; 4) to; 5) to; 6) to; 7) about; 8) without;
9) in; 10) along, up; 11) for; 12) about; 13) on.

210




Ex. 10: 1)j; 2)k; 3) h; 4) b; 5) g; 6) e; 7) d; 8) ¢; 9) i; 10) a; 11) f.
Ex. 11: 1) d; 2) g; 3) e; 4) b; 5) i; 6) ¢; 7) j; 8) f; 9) a; 10) h.
Ex. 14: 4, 5, 1, 3, 2.

Supplementary reading tasks

Task 1: 1) f;2)d; 3)i;4) b; 5) c; 6) a; 7) e; 8) g;:9) k; 10) h; 11) j.
Task 4: 1) b; 2) a; 3) h;4) g; 5)d; 6) f; 7) e; 8) c.

Task 5: 2; 4; 3; 1.

Taking the measure of light

In the early history of the laser, a common method of measuring peak
power was to count the number of razor blades through which a pulse could
burn. These units were called “Gillettes”, and they serve to illustrate how
measuring the brightness of light, one of the most intuitive quantities for
humans, has long been a problem for technology.

Manufacturers of instruments that measure power and energy have taken
pains to make them user-friendly. Complex optoelectronic measurements —
such as bit-error rate, crosstalk ratio, and so on — can be obtained with a
push of a button. But underlying all such complex relationships are fundamental
measurements of energy, power, pulse duration, and wavelength. Understanding
the physical details of these measurements is particularly essential at the
boundaries of current technology — for ultrafast pulses, very high or low light
levels, and very short or long wavelengths.

The capabilities of an instrument are specified by its resolution,
repeatability, and accuracy. Resolution or sensitivity is the minimum quantity
that can be discerned in a measurement. The noise present in an instrument
during a measurement is a major factor limiting sensitivity. Repeatability
quantifies how well an instrument can make one measurement, make a
different one, and then return to repeat the first measurement. Accuracy is
the ability of an instrument to make a measurement relative to an absolute
standard.

As a rule of thumb, the accuracy of an instrument is about ten times
greater than its repeatability. Accuracy typically is needed for the most
demanding applications. Scheduling routine calibration is particularly
important for accurate measurement of optical power and energy, as these
instruments in general are more prone to drift over time than other types.
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