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METOJUYECKAS 3AIIMCKA

Hacrosmmee  mocoOme  mpepHasHadyeHO Ui CTYIESHTOB,
oOydaromuxcsd TO clendanbHOCTH «ONTHYeCKue W ONTHKO-
JNEKTPOHHBIE CHUCTeMB». (OHO COCTaBI€HO B COOTBETCTBHH C
MPOrpaMMO#l 10 AHIJIMHCKOMY SI3BIKY JUIS HESA3BIKOBBIX BY30B.
VY4eOHoe mocoOue COCTOMT W3 TpeX pas3zesioB, KaXAbIi M3 KOTOPBIX
BkmoyaeT werbipe wactu (Units). Kakmas wdacte cocTouT u3
mopasaenos (Parts).

Llenr mepBoOro moapasaesia pa3BUTh PEUCBbIC HABBIKK U YMEHUS
MOHOJIOTHYECKON Peur U TUAJIOrHUecKoro oomeHus. J{ius aTux menei
B TMEPBOM TOJpa3leie TpeiiaracTcs TEKCT, PAacCUYUTAHHBIA Ha
u3yvaromee ureHue. llepen TEKCTOM UAYT AaKTUBHBIA CJIOBaph,
CHOCOOCTBYIOIIMH PACIIMPEHUIO 3araca JIEKCUKH 110 CIIeHUaTIbHOCTH,
JIEKCUYECKUE YNPAXHEHUS Ha 3aKpEIUICHWE aKTHBHOTO CIIOBaps M
YIOpaXHEHWs, HampaBiICHHBIE Ha  pPacHIMpEeHHE  CIOBOOOpa3o-
BaTeIbHOTO 3amaca. |'paMMaThyecKue YIpaKHEHHs, CBSI3aHHBIC C
TEKCTOM, OTPAKAIOT HAYYHO-TEXHWYECKHH CTWIh M TOMOTAlOT
CTyJIeHTaM BBINOJHUTH 3amanus Broporo (Part Il) pasmena. Ilocie
TEeKCTa HArOTCs JIEKCHYeCKHe W KOMMYHHKATHBHBIE YIIPaKHEHUS,
KOTOpBIE TIPEAyCMATPUBAIOT MOJETHPOBAaHNE B y4eOHOM IMpoIiecce
CUTYyaIuii oOIeHusl.

BTopoii moapa3aen HanpariieH Ha 00yYCHHE Pa3TINIHBIM BHIAM
yTeHHs W nepeBoxy. OH BKIIOYAeT JBa TEKCTa, KOTOpPbIE 3HAKOMST
CTYIEHTOB C pAa3MMYHBIMHA acCleKTaMU OINTORJIEKTPOHUKHA, U PSI
MOCJICTEKCTOBBIX ~ YIPAaXXHCHHM, KOTOPbIE IOMOTYT CTYyJEHTaM
OCYIIECTBHUTh CBOM MOUCK MH(POPMAIIMH B TEKCTaX.

JlanHoe y4eOHOe TIOCOOME CTaBUT IIeNbl0 NpuoOpeTeHHe
CTYJCHTaMH KOMMYHHUKATUBHOW M MPO(HECCUOHATHLHON KOMIICTCHIIUU
Ha OCHOBE OOy4YeHHMS JIGKCHKE, PAa3JIMYHBIM BHJAM YTCHHS
CHCIUALHOW JINTEPaTyphl W Pa3BUTHE HABBIKOB YCTHOW peud U
nuchMeHHOW peud. OHO TpeIHA3HAYCHO JUIS HCIIOJIb30BaHUS Ha
ayJIMTOPHBIX 3aHATHSIX Ha 2-M Kypce B IEPBOM CEMECTpE.

Tpernit paszaen SIBJISIETCS npogecCuoHANBHO
opueHTHpOBaHHBIM. OH COCTOMT U3 TI03HABATEIBHOTO TEKCTA,



KOTOPBIA ~ 3HAKOMHT CTYJEHTOB C Ppa3lUYHBIMH  aCIEeKTaMH
ONTORNIEKTPOHUKH, ¥ TpeIHa3HadeH id OOydYeHHUs TIepeBOIy,
pedepupoBaHNI0 U AHHOTUPOBAHUIO TIPU TPAMOTHOM HCHOJIb30BAHUM
cJoBapei.

Bce 3amedanms 1o cocTaBlIeHHIO TTOCOOUS IPOCh0a mepechuIaTh
aBTOPY.



PA3JIEJ I:
BBEJEHME B OIITOJJIEKTPOHUKY.

UNIT 1.1

PART 1

I. Mind the pronunciation of the following words:

approach [o'prautf] anmnpoKCUMAIYsl, TpUOIIKEHHE,

COJMKEHUE; TIOJIXO] K PEIICHHUIO;

paccMoTpeHne

branch  [bra’ntf] BETBbB; OTPACIIb

briefly  [bri’fl1] KpaTKo; CIKaTo

circuit ['s3’K1t] [ETTh; 3aMKHYTast JIMHHUI, CXeMa

coaxial  ['kou'zeksIoal] KOAKCHAJIbHBIN; UMEIONUH 0O0IIyI0
0Ch

computation['kompju'te1f(o)n] BBIYKCIICHHE, pacyeT

conclusion[kan'klu’3(a)n] 3aKJIFOYCHHUE, Pe3yIbTaT
contemporary[kon'temp(a)r(o)ri]  coBpeMeHHBII;
OJIHOBPEMEHHBII
depth [depo] ri1yOuHa; TOJIIHHA
emphasis [‘emfosis] mpuaaBaTh 0c000€e 3HAUCHHE,
0COOCHHO MO TYEPKUBATH YTO-JINOO
environment[In'valor(s)nmont] OKpYKaroIas cpeaa
fiberoptics[farba"Dptiks] BOJIOKOHHAsI OTITHKA
flexibility [*fleks1'b1lotr] ruOKOCTh
frequency['fri’kwan(t)s1] gacrora

furthermore[‘f3°do'md’] K TOMY J€; KpOMe TOro; 6oJiee Toro

guide[ga1d] 1. BOJTHOBO/I, HAIIPABIISAIOLIEE YCTPOMCTBO;

2. HamNpaBIIATh, 3aCTABIATH JBUTATHCS IO
NPEANUCAHHON TPacKTOPHUU



increase  ['Inkri’s]
intimately ['Intimat]
invention [1n'venf(o)n]
layer ['le1s]
merely

near-infrared

['mial1]
[n1a’1nfra'red]

penetrate ['peni1trert]
propagate ['propagert]
prove [pru’v]
purely ['pjualr]
remain [r'me1n]
satellite ['seet(o)lart]

BO3PacCTaTh, YBEINYHBATh, YCUINBATD
TECHO, IUIOTHO; TIIyOO0KO
n3zo0pereHue
CJIOH; TIJICHKA, MPOKIIAJIKa; pa3pes

TOJIBKO; IPOCTO; CAMHCTBEHHO

ONMVDKHSS nH}pakpacHas
obacTh (crekTpa)
MPOHUKATh BHYTPB;
IPOHU3BIBATH
pacrpocTpassTh(cst)
JIOKa3bIBaTh; MOATBEPXKIATh
UCKITIOYUTEIBHO; COBEPIICHHO;
BIIOJIHE; YHCTO

OCTaBaThbCA

CILyTHHUK

semiconductor [‘semikon'dAkts] nomynpoBoaHuK

shrinking [Jrinkin]

supplement ['saplzmant]
transistor [treen'zisto]
various ['vearias]
visible ['vizabl]
wavelength ['we1vlen]

COKpaIlleHHE; CXKaTHe
JIOTIOTHHUTEILHBIA
TPaH3UCTOP

Pa3ITUYHBIN ; pa3HOOOPA3HBIH;
Pa3HOCTOPOHHUI
BUJIUMBIN

JJIMHABOJIHBI



Il. Read and translate the following phrases:

the carriers of information to be carried by coaxial cables
atthe beginning of the early 1980s to take place

tocontrol the flow of electrons to couple electronics and optics
in conclusion we would like to say  fit together

information communication and satellite

processing aspect

the ability to propagate signals optoelectronic devices

the relatively short wavelengths the fastest growing

a new layer of flexibility of design

IIl. Read and guess the meaning of these words:

basic ['be1sik] gigantic [‘d3ar'gent1k]
cable ['kezbl] information [‘1nfo'me1f(a)n]
communication [ka’mju’nr'ke1f(s)n]  method ['medad]
component [kam'paunant] microwave ['markra(u)welv]
computation [‘kompju'terf(o)n]  optics [2ptks]

control [kan'traul] optoelectronic ['optazlek'tronik]
dominate [‘dominert] photon ['fouton]

electronics [‘elek'troniks] processing ['prousesin]

technology [tek'nalod31]



LOOK, READ, REMEMBER!

-tion -ic
V +tion =N N+ ic= Adj.

collect + tion = collection electron +ic = electronic
inform + tion = information theme +ic =thematic
compute + tion = computation magnet +ic = magnetic
communicate + tion = communication giant  +ic = gigantic
invent + tion = invention
translate + tion = translation

IV. a) Make up nouns from the verbs and write them:

instruct - ; consider - ;absorb - ; connect - ;

combine - ; operate - ; note - ;represent - .

b) Make up adjectives from the nouns and write them:

electromagnet - ; dyad- ; atom - ;acline - .

)] Fill in the blanks with suitable words. Write the
following sentences:

There is a large ... of technical books in this library. (collect/
collection) The ... of his research work is semiconductor laser
technology.(theme/ thematic) In an ... circuit, the input signal (1 or 0)
is usually applied to the base of the transistor.(electron/electronic)
They can be a ... of N-P-N- type material or P-N-P-type material
bonded together as a three-terminal device.(combine/combination)
This ... has been widely adopted by manufacturers of
lasers.(note/notation)

GRAMMAR  REVIEW.
INDEFINITE
Present Indefinite
Verbfor you, I, they, we; Verb + (e)s for he, she, it
Example: | work at the plant. ~ He works at the plant.
You work at the plant.BUT She works at the plant.
We work at the plant. That group of scientists
They work at the plant. works at the plant.
Past Indefinite
regular Verb + ed irregular Verbs (vocabulary)
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Example: That firm advertised The computer was out of
new lasers. orderyesterday.

Future Indefinite

(1, we) shall + Verb (He, she, it, you, they) will + Verb

Example: I shall do this work  They will check that device

tomorrow. nextTuesday.

V. Put the verbs in brackets into the required form.

I (translate) this article into Russian two days ago. My father
(be) a student twenty five years ago, now he (be) an engineer and he
(be) a pensioner in fifteen years. They (write) that text last Thursday.
You (give) me very interesting magazines every month.Next week our
laboratory (get) new devices. Our professor and some teachers
(return) to Moscow in a week. Now they (be) in London. This student
(want) to stay a few more days here. What you (do) last Saturday?
Who (read) this book? With whom we (meet) your friend tomorrow?

VI. Learn to read the words:

[A] up, us, sun, son, but, must, much, such, conductor,
supplement,

[ai] high, light, right, size, rise, device, primary, guide, decline,
fiber,

emphasize
[&] and, as, can, that, than, add, black, satellite
[2:] her, first, early, circuit, furthermore

VIIl. Read and translate text Al.1.Say why optoelectronics
has become and remains one of the fastest growing branches.

TEXT All

PHOTONS AND ELECTRONS
MEET TO FORM OPTOELECTRONICS

"For the first nearly 30 years after the invention of the transistor,
information processing and transmission meant electronics that used
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semiconductors to control the flow of electrons. But beginning in the
early 1980s, electronics was increasingly supplemented by optics, and
photons took their place alongside electrons as the carriers of
information.

Today, optoelectronic devices - those that couple electronics and
optics - have grown to dominate much of long-distance
communications through fiberoptics, have given rise to new methods
of displaying information and of sensing it in the environment, and are
beginning to penetrate into the heart of information processing, as
information communication and processing becomes more and more
intimately linked in integrated optoelectronic circuits. Indeed, the
optoelectronic devices of the present may prove to be merely a
transition to all photonic computation and communication of the
future.

It should be emphasised that today we can see how the various
branches of optoelectronics fit together. But, it is important to look
briefly at two basic questions: why has optoelectronics become so
important and why does it continue to grow? The primary answer is
simple - speed. There are fundamental physical limits to how fast
information can be transmitted purely electronically. As the frequency
of an electromagnetic signal increases, the ability to propagate it
through an electrical conductor declines. The signal is restricted to a
smaller and smaller “skin depth”, making electrical resistance higher
and higher. Except for very short distances, signals at frequencies
much above 100 MHz must be carried by coaxial cables, and, in such
a case, the diameter must grow as frequency increases to compensate
for the shrinking skin depth.

In practice, guided signals cannot be sent along coaxial cables at
rates greater than 1 GHz. For unguided transmissions, such as those
used by communication satellites, much higher microwave
frequencies, up to tens of gigahertz, are possible.

In contrast, optical signals propagate through transparent,
nonconducting media and operate in the visible and near-infrared (IR)
wavelengths. These correspond to frequencies that are around 200
THz, thousands of times higher than are possible using purely
electronic means. Furthermore, the relatively short wavelengths of IR
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and visible light - around 1 mkm - mean that optical components with
their gigantic speed can be miniaturised right down to the component
size of contemporary microelectronics.

Because optoelectronics is based on the back and forth
transformation of electronic and optical signals, it is highly desirable
to integrate both optical and electronic devices into a single
monolithic integrated circuit. Such integration has to overcome the
fabrication problems of placing often incompatible materials in close
proximity to each other, but it greatly reduces device costs.

The beginning of such integration has, not surprisingly, appeared
first in fiberoptics, where diode lasers are integrated on the same chip
with MESFET transistors that control the current to the lasers and thus
impose the modulating signal. Similarly, photodiodes can now be
integrated with laser oscillators and controlling electronics for
monolithic heterodyne receivers.

But the real technology leap is coming with optical and
electronic elements combined on large-scale integrated circuits. The
advantage here is that the wide bandwidth of the optical interlinks
eases communication bottlenecks in massively parallel computing,
where the space taken up by electronic interconnects has become more
and more of a problem. Such optoelectronic integrated circuits are, in
turn, a stepping stone to all-optical computing elements, in which one
light beam interacts with a device to alter another light beam.
Research is now under way with materials such as low-temperature-
grown gallium arsenide (GaAs) to produce the nonlinear optical
response that will allow the development of optical transistors, which
in theory could function far faster than electronic integrated circuits.

In conclusion we would like to say, the use of optical technology
together with electronics adds a new layer of flexibility of design,
producing new approaches for sensing and display. For all these
reasons optoelectronics has become and remains one of the fastest
growing aspects of information processing and transfer."[1]

VIII. Word Study .
supplement - thing added to smth else to improve or complete it
to couple - to unite or to associate two things that are seen together
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fiberoptics - transmission of information by means of infra-red light
signals along a thin glass fiber
to restrict - to put a limit on smb/smth

IX. a) Give the Russian equivalents of the following
expressions:

the flow of electrons; as the carriers of information; long-
distance communications; more intimately linked; indeed; all photonic
computation and communication; it should be emphasised; can be
transmitted purely electronically; the ability declines; to be carried by
coaxial cables; guided signals; the visible and near-infrared
wavelengths; furthermore; contemporary microelectronics; layer of
flexibility of design.
b) Find the equivalents of the following expressions in the text:

LCHTpP O6pa60TKI/I I/IH(bOpMaI_II/II/I; OIITO3JICKTPOHHBIC CXCMBI,
pa3iInYHbIC OoTpacii OHTOZ)J'ICKTPOHI/IKI/I; CKOHLCHTPUPOBATH
BHUMAaHUE, CIIOCOOHOCTD nepeaaBaTtbCia 4YCpe3 cpez[y; FJ'Iy6I/IHa
CXXaTus 060J‘IO‘~IKI/I; 663BOJ‘IHOB0):[H3,$I nepe;[aqa; HCKyCCTBeHHBIﬁ
CITYTHUK CBs3HU, B MIPOTHUBOIIOJIOKHOCTD quy—Jm6o; HCMIPOBOJAIIAA
cpena; B 3aKIII0YCHHE XOTENOCh OBl CKa3aTh, YTO...

X. Look through the text again . Read the following
statements and if you think they are wrong correct them.

1. All branches of electronics were increasingly supplemented by op-
tics.

2. Optoelectronic devices have not given rise to new methods of dis-
playing information and of sensing it in the environment.

3. The optoelectronic devices of the present cannot prove to be merely
a transition to all photonic computation and communication of the
future.

4. There are two basic questions: why has optoelectronics become so

important and why does it continue to grow?

5. There is no fundamental physical limit to how fast information can
be transmitted purely electronically.

6. Guided signals can be sent along coaxial cables at rates greater

thanl GHz.
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7. The use of optical technology together with electronics adds a new
layer of flexibility of design.

XI. Complete the following sentences. Your answer must
coincide with the text.
1. Photons took their place ...
2. Optoelectronic devices have given rise ...
3. It should be emphasised that ...
4. The signal is restricted to ...
5. In practice, guided signal cannot be ...
6. Optical signals propagate ...
7. The use of optical technology together with ...

XI1. Answer the following questions:

1. Was electronics increasingly supplemented by optics?

2. What place did photons take in information processing?

3. What are optoelectronic devices?

4. Why has optoelectronics become so important and why does it
continue to grow?

5. Can guided signals be sent along coaxial cables at rates greater than

1 GHz?

6. When can optical components be miniaturised ?

7. What advantages does the use of optical technology together with
electronics give us?

XI11. Match the English words on the left with those on the right.

1. real 1. HeCOBMeCTHMBIi
2. another 2. eIUHCTBEHHBIN
3. optical 3. pa3nu4HbIi

4. single 4. mpocroii

5. incompatible 5. orpomHsIii

6. thesame 6. mapayiebHBIN
7. large 7. HU3KUI

8. parallel 8. mpyroi

9. nonlinear 9. IelCTBUTENLHBIN

10. fast 10. ontnyeckuii
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11. new 11. ToT Xe caMbIit
12. various 12. 6onpioi

13. simple 13. 6BICTpPEII

14. great 14. HoBBIH

15. low 15. HenMHEWHBIH

XIV. Choose the best equivalents of the words on the left
from the words on the right and write them. (Example: single —
individual)

1. single a) common, b) united, ¢) base, d) individual

2. right a) active, b) practical, c) detailed, d) real

3. free a) illogical, b) independent, c) impossible, d) pure

4. research  a) test, b) remediable, c) tried, d) utilization

5. suitable  a) right, b) subordinate, c) efficient, d) proper

6.simple  a) overdue, b) natural, c) easy, d) opposite

7. joint a) combined, b) absolute, c) consultative,
d) collective

8. practical a) equivalent, b) economical, ¢) experimental,
d) mental

9. long a) prolonged, b) additional, c) rounded, d) feasible
10. regular  a) closing, b) final, ¢) natural, d) periodical

XV. Define the meaning of the following words (the nouns, the
adjectives or the verbs) in these sentences, translate them:

The refractive index is increased by a small term proportional to
the square of the electric field (or the power level of the radiation).
The dispersion due to chromatic factors can be exactly balanced by
the Kerr effect. Such soliton-based communication would be limited
by attenuation alone. Aside from attenuation, the main limitations on
the information-carrying capacity of single-mode optical fibers are
the remaining types of dispersion after multimode dispersion is
removed. Because the fraction of power in the cladding varies with
the wavelength of the radiation, so does the effective index of
refraction and thus the velocity of propagation.
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XVI1. Guess what these words mean:
Integration, chip, material, transformation, transistor,
modulation, element, temperature, nonlinear, theory.

XVII. Translate and write the sentences, using the following
words and phrases:

optoelectronic devices; nowadays; radiant power; fiber optics;
communication; laser; high intense light beam; focus; three-
dimensional image; holography.

W3 mpakTrueckoro npuMeHeHHs ONTHKHM B HAIIM THU Bce Oojee
BaXHO€ 3HAUYCHHC npno6peTa}0T OIITOSJICKTPOHHMKA KW BOJIOKOHHAas
OIITHKA. OHTOSJ’ICKTpOHI/IKa OXBAaTbhIBACT IMPUMCHCHUC OIITHYCCKOTO
HU3TYy4YCHUA B DBJICKTPOHHBIX HpI/I60an. B BolOKOHHOM ONTHKE
HU3ydacTcd Iepeaada I/IH(I)OpMaL[I/II/I II0 CBCTOBOJaM. ITosBienune
JIa3€pOB  MTO3BOJIUIO pa3pa60TaTb paa METOAOB CO3daHUA U
yrpaBJICHUA CBECTOBBIMU ITyUYKAMU BEICOKOM HNHTCHCUBHOCTH, a TAaK¥XKC
MOJIyYCHHC 00OBEMHBIX OIITHYECKUX H306pa)K€HI/H71 0e3 MIPUMCHCHUS
dokycupyronmx cucreM (rosorpadus) u zp.

XVIII. Agree or disagree with the ideas given below. Use the
following phrases:

that's right...; that's wrong...; to my mind...; in my opinion...; |
agree with you...; I think so...

For example:

Today, optoelectronic devices have grown to dominate much of
long-distance communications through fiberoptics.

That's right, as it is known, there is the most important
optoelectronics technology - fiberoptics which is covering all the
components of a fiberoptics system.

1. Optoelectronics include sources, modulators, multiplexes,
waveguides, amplifiers and detectors.

2. Nobody knows the basic principles of optoelectronic integrated
circuits.

3. In practice, guided signals cannot be sent along coaxial cables at
rates greater than 1 GHz.

4. Optoelectronics has become and remains one of the fastest growing
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aspects of information processing and transfer.
5. The use of optical technology together with electronics adds a new

layer of flexibility of design, producing new approaches for sensing
and display.

XIX. Retelltext A1.1 according to the scheme:

Electronics was supplemented by
optics

| Optoelectronic devices |

| Two basic questions |

Optical components can be
miniaturised

A single monolithic integrated circuit
and its advantage

XX. Read the dialogue and act it out. Then make up the
dialogues of your own and role play them.
IN THE LIBRARY

Ted: Hi, Nick! How are you?

Nick: Fine, thanks. And you?

Ted: All right. What are you doing?

Nick: I'm preparing for the talk on optoelectronics. Our teacher
asked us to find some papers about scientific and technical
achievements in optoelectronic branch. Could you help
me?

Ted: Of course. Today, optoelectronic devices are beginning to
penetrate into the heart of information processing, as in-

formation communication and processing becomes more
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and more intimately linked in integrated optoelectronic cir-
cuits. I'm fond of this subject.

Nick: OK. Let's look through these magazines.

Ted: "Applied Optics"? Well, It certainly has some interesting
papers. | read a paper about fiberoptics in this magazine
last time.

Nick: Why do you think it is right for my theme?

Ted: Because optoelectronic devices have grown to dominate
much of long-distance communications through
fiberoptics and they have given rise to new methods of
displaying information and of sensing it in the
environment.

Nick: That's very interesting indeed.

XXI. Continue the dialogue and write it:

Teacher: It is our first lesson which is devoted to
optoelectronics. I'd like to ask you some questions before |
begin to give a lecture. The first one is : what does
optoelectronics mean?

Teacher: Well. What kinds of optoelectronic devices do you
know?

Teacher: .. ... . o e

XXI1. Choose a partner and talk about some problems which
arise in electronics.

XXI111. Write a summary of text AL.1 Limit it to 10 sentences.



18
PART 2

I. Mind the pronunciation of the following words:

announce [a'naun(t)s
compete [kem'pi’t]
derive [dr'ra1v]

dope [doup]
drawback ['dro’bzk]
frame [frezm]
glow [glau]

hang [heen]
hemisphere ['hemisfio]

OOBSBIIATH, N3BEIIATH, MyOJINKOBAThH
KOHKYPHUPOBAaTh, COPEBHOBATHCS

I0JIy4aTh, MPOUCXOOUTh,

IIPOU3BOAUTH, OTBETBIIATH
Z[O6.’:1BJ'I$ITL; JICTUPOBATH

MPCIATCTBUE,; HENOCTATOK

CTpOCHUE; KapKac; pamMmKa

HAKaJIAThCS JOKpaCHa; CBETUTHCH,
TICTh
BCIIaTh, pa3BCIIUBATh

notymapue; chepa

manufacturer[‘maenju‘feektf (a)ra] mpombinIeHHUK

monocolour['monau’kAls]  omHOUBETHEIH, OHOTOHHEIN;

portable ['p2’tobl]
suffer  ['safo]

top [top]

trap [treep]
venerable ['ven(a)rabl]

wire [waios]

4epHO-0enbIit

MOPTAaTUBHBIHN, IEPEHOCHON
CTpajaTh; MPETEPIeBaTh, TEPIETH;
UCTIBITHIBATD

MIOKPBIBATh, IIPEBOCXOHTH,

MIPEBbILATD
yJIaBJIMBAaTh; MOTJI0IIATh
CTapblii; IpeBHUHI
IIPOBOJ; IIPOBOJIOKA



19
Il1. Read text B 1.1.

TEXTB11
INFORMATIONDISPLAY

"The earliest use of optoelectronics was to information displays -
the red LEDs that glowed from the first generation of calculators.
Today portable computer has an electro-optic flat-panel display,
generally based on far less energy-intensive liquid-crystal-display
(LCD) technology. But now, researchers and manufacturers are
competing for a much larger market - that of colour flat-panel displays
and, in particular, "wall televisions", possibly of great size, that can
simply be hung on the wall like a framed picture.

There is a number of competing technologies that could emerge
as the main colour display technology of the future. One is derived
from existing LCD screens, using coloured phosphors in screen to
produce a full-colour display. Such approaches, however, generally
suffer from some of the drawbacks universal to LCDs - low brightness
and limited viewing angles. One idea linking fiberoptic and LCD
techniques is to illuminate fibers with UV radiation modulated by an
LCD. The fibers are topped by silica-gel microspheres doped with
various phosphors that glow red, blue, or green when irradiated by the
UV radiation. The microspheres emit light over an entire hemisphere
and are up to twice as bright as a colour LCD array.

Another approach, currently the most actively pursued, is based
on plasma panels, long used for very large monocolour display for
military use. Thomson, Fujitsu, NEC, and Matshushita have all
recently announced full-colour plasma panels. In such panels, xenon
gas is trapped between two glass plates each having hundreds of
wires, with the wires on the two plates being perpendicular to each
other. An electric discharge through the gas sets up a brief plasma
glow, causing different-coloured phosphors on the front screen to
glow. Finally, some researchers hope that the venerable LED, now
with blue and green emitters coming into production, can also
compete for the colour flat-panel-display market."[1]
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I11. a) Give the Russian equivalents of the following
expressions:

information displays; liquid-crystal-display (LCD) technology;a
much larger market; colour flat-panel displays; a number of
competing technologies; low brightness; to irradiate by the UV
radiation; a colour LCD array; for military use.

b) Find the equivalents of the following expressions in the
text:

MOPTATUBHBIA KOMIIBIOTED; IHUCIUIEH C 3JIEKTPOONTHYECKOU
naHenblo; BemaTh Ha cTeny; LCD skpaH; npeaenbHbI yros 3peHus;
coueTaHue BOJIOKOHHOW onTukd M LCD TexHukH; Takol ke SpKuid,
KakK, IUIa3MEHHas MTaHeb, NEPIEHIUKYIAPHBL APYT APYTY.

IV. Find a sentence which expresses the main idea of each
paragraph of text B1.1. Entitle each paragraph.

V. Look through text Bl1.1 and answer the following

questions:

1. Which displays do portable computers have today?

2.Are researchers and manufacturers competing for a much larger
market of colour flat-panel displays?

3. How do "wall televisions" look like?

4. There is a number of competing technologies that could emerge as
the main colour display technology of the future, isn't there?

5. How can researchers escape low brightness and limited viewing
angles?

6. Do the microspheres emit light over an entire hemisphere and are
up to twice as bright as a colour LCD array?

7. Where do people use very large monocolour displays?

8. How do plasma panels work?

VI. Find key words (phrases) which express the main idea of
each paragraph of text B1.1. Make up and write the scheme of
text B1 using the key words.
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VI1I. Make up and write your questions to text B1.1 that can
be used as a plan. Ask your friends these questions.

VIII. Say what information which you read in the text is new
to you. What information have you ever known?

IX. Complete the following sentences using the text.
1. Today portable computer has an electro-optic...
2. Researchers and manufacturers are competing for...
3. There is a number of competing technologies that could ...
4. One idea linking fiberoptic and LCD techniques is ...
5. Another approach, currently the most actively pursued, is ...
6. In such panels, xenon gas is ...

X. Write some sentences about text B1.1. Use the following
conversation phrases: | think it is right because ...; I think it is
important...; It is interesting to know ...

XI. Using the material of the text above, write main points
according to the questions (VII).

XI1. Write a summary of the text.

XII1. Agree or disagree with the ideas given below. Use the
following phrases:
You see ...; as for me...; in my opinion...; | can say that...; | think
S0...
1.The earliest use of optoelectronics was medicine devices.
2. "Wall televisions", possibly of great size, can simply be hung on
the wall like a framed picture.
3. There is no competing technology that could emerge as the main
colour display technology of the future.
4. Approaches generally suffer from some of the drawbacks universal
to LCDs - low brightness and limited viewing angles.
5. One idea linking fiberoptic and LCD techniques is to illuminate fi-
bers with UV radiation modulated by an LCD.
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6. The fibers cannot be topped by silica-gel microspheres doped with

various phosphors.

7. The microspheres emit light over an entire hemisphere and are up
to twice as bright as a colour LCD array.

8. Some researchers hope that the venerable LED can also compete
for the colour flat-panel-display market.

XIV. Choose a partner and talk about some problems which
arise in text B1.1. Use conversation phrases.
For example:  A: What is the main idea of ...?
B: It is known ...
C: Well, you are right. But a lot of problems arise ...
D: I'd rather add ...
A: I think itis ...

XV. Prepare the report on the theme connected with text
B1.1.

XVI. Write translation of the paragraph which begins with
""Another approach, currently the most actively..."

XVII. Read text C 1.1

TEXT C11
FIBEROPTIC SENSORS

"In fiberoptic sensors, environmental changes alter the optical
properties of a fiber, creating a signal that is sent back along the fiber
to be analysed or recorded. The two basic classes are extrinsic sensors,
in which an external device impresses information of the fiber, and
intrinsic ones, where the changes are generated directly within the
fiber by the action of the environment.

A very simple example of a hybrid or extrinsic sensor is a
position of vibration sensor in which two fibers, slightly separated, are
allowed to move relatively to each other, thus altering the amount of
light coupled from one to another. A similar intrinsic sensor can use
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the bending of a fiber to sense distortion: as the fiber bends, light
begins to leak out of it, dropping the transmitted intensity. Far more
sophisticated types have become common, such as those based on
interference of lightwaves in the fiber, including ultra-accurate laser
gyroscopes.

Given the intrinsic advantages of optical information transfer
and processing, it is almost inevitable that optoelectronics will become
nearly synonymous with electronics in the coming decade or so. It is
basic principles of this key field we will be examining over the next
year."[1]

XVIII. TranslatetextC1.1.Usethefollowingphrases:

BOJIOKOHHO-OIITHYCCKHUEC CeHCOpI)I; OIITHYCCKHUEC CBOIiCTBa
BOJ'IOKHa;HpI/IMeCHBIe CCHCOpLI; cOOCTBEHBIE CGHCOpLI; CBCT HAYMHACT
HpOHI/IKaTB;OCHOBaHHHﬁ Ha I/IHTep(l)epeHLII/II/I CBCTOBBIX BOJIH,
CBCpXTO‘lHBIfI; KJII0YeBasi 00J1acTh.

XIX. Retell text C1.1.Use the following phrases:
It is considered that...; rather hard to say...; may be called...; | would
advise to call your attention to ...; that's quite clear ...; | should say that
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PART 1

I. Mind the pronunciation of the following words:

advantage
array

attend
attract

available

compare
consequently

couple

development
diode
enormous

expand
hold (held)
improve
include

lifetime
likely

major
market

[od'va’ntids]

MIPEUMYLIECTBO

[o'rer] IETIOYKa; MTOCIEI0BATEILHOCTE,
MaccuB
[o'tend]  comyTcTBOBaTH; COMPOBOKAATH
[o'treekt] mpuBIEKaTh; IPUTATHBATE
[o'verlabl] JIOCTYTHBIN, IMEIOIIIUHCS
B PaCropsKEHUN
[kem'pea] CpaBHUBAThH

['kon(t)stkwantlI] caemoBarenbHO, IOATOMY,
B pe3yJIbTaTe

['kapl] 1. mapa, nBa

2. COCAUHATH, CBA3bIBATH

[dr'velopmont] pa3BuTHe

['daroud] JIMOJT

[1'n2’mas] rpomaaHbIi, OrpOMHBIIA

[1k'spaend] pacIIpsTh; YBEINYNBATHB 00beMe

[hauld] JepKaTh; BIAJETh, HIMETh

[zm'pru’v] yJIy4IlaTh, COBEPLUICHCTBOBATH

[zn'klu’d] 3aKJIF0YaTh; COMEPXKATh B ceOe;
BKJIIOYATH

[larftazm] BpeMsI )KH3HU

['lazklI]  BepoATHBI; MOAXOMSIIHIA;
BEPOSTHO

['me1d3o] 0oJee BayKHBIN, TJIaBHEIA

['ma’kit] PBIHOK
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massively [maes1vi] MaCCHBHO; TSDKEJIO; IUIOTHO

mount [maunt] [IOJJHMMATh, YCTaHABJINBATh,
MOHTHPOBATh

offer ['ofs] npearaTh

on-wafer [on'weifa] ITOCTIOMHBII

pixel ['prks(o)l] ITHUKCEITh; TOUKan300pasKeHIsI

potentially [po'tenf(a)l]]  BO3MOXHO, MOTEHIUATLHO

provide [pra'vaid] cHaOxatb, o0ecrieunBaTh

serve [s3°V] CITYXKHTh

smart [sma’t] PE3KUit; CUIIBHBIIN; OBICTPBII

source [sD7s] HUCTOYHHUK

successful [sok'sesf(o)l]  ycmemiHsIii; yaa4HbIi;
TpEyCIIeBAIOIIHIA

superior [s(ju'p1orio]  BBICIIMIA; cTApLINA;
MPEBOCXOTHOTO Ka4uecTBa

surface ['s3°f1S] moBepxHOCTH

switch [switf]  mepekmouaTs

thrive [Orazv] NPOLBETATh, MPEYCIEBaTh

throughout[6ru‘aut] BO BCEX OTHOIICHUSX; COBEPILICHHO;

MOBCIO/Y; Ha BCEM MPOTSHKEHHH
vertical-cavity ['v3’tik(o)lkeevotl] BepTHKaNbHBIN pe30HATOP

workshop ['w3’kJ2p] MacTepcKast; CeKIHUs; CEMUHAP,
CHUMIIO3HYM

I1. Read and translate the following phrases:

high priority thriving research
low-cost devices on-wafer testing
effective fiber coupling array fabrication

the object of intense research  edge-emitting devices
blue-light-emitting diodes and  the level of interest in thissubject
diode lasers in addition
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information technology program  applications of smart pixels
new computer systems machine-vision systems

to become commercially viable

too extensive to summary in complete detail
vertical-cavitysurface-emitting lasers

I11. Read and guess the meaning of these words:

active [‘eektiv] national  ['n&f(a)n(a)l]
alternative [2°1't3’noat1v] parallel  ['paeralel]

candidate ['kendidert] perpendicular [‘p3’p(o)n'dikjuls]
diode ['daroud] program ['prougraem]

group [gru’p] system  ['sistom]

illustrate ['zlastrert] tradition [tro'd1f(o)n]

indicate  ['1ndikert]

LOOK, READ, REMEMBER!

-|y
Adj. + -ly =Adv.
slow + -ly = slowly
warm + -ly = warmly
wide + -ly = widely
optical + -ly = optically
potential + -ly = potentially
massive + -ly = massively

IV. a) Make up adverbs from the adjectives and write
them:
vertical - ;relative - ;corresponding -; final -;
successful -; extreme -; consequent - ;
b) Fill in the blanks with suitable words. Write the following
sentences:
Production runs can, therefore, move ... from large to small
sensors. (smooth/smoothly) The new system is based on an AlGaAs
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laser ... configured and produced within Philips. (special/specially) It
is frequency doubled in a .. poled waveguide. (periodical/
periodically) Philips is one of the world leaders in ... information
storage. (optical/optically) The transition is from shiny, ... (full/fully)
reflecting pure yttrium to ... (partial/partially) reflecting dihydride.

GRAMMAR REVIEW
CONTINUOUS
tobe + V +ing,
roe tobe - BcmomorarenbHBIH Taroi
V + iNg cMBICIIOBOIA TJ1aro ¢ -iNg OKOHYaHUEM
Present Continuous: (is, are, am) +V + ing
1. Now. 2. Look! Listen! 3. It's 9 o'clock. (TouHoe yka3zanueBpeMeHH)
Examples:
1. Look! The engineers are repairing the device.
2. | am taking the examination in Mathematics now.
3. It's 5 o'clock. She is sitting in the library.
Past Continuous:  (was, were) + V +ing
1. Somebody looked at (up) ... Somebody heard ...
2. It was 9 o'clock. At 9 o'clock yesterday. From 5 till 6 yesterday.
The whole morning.
3. When he came home ...
4. While ... (mapamnenbHbIeqEHCTBUS).
Examples:

1. It was in the afternoon. We heard strange noise. Somebody
was crying in the street. Teacher looked at the students. They were
writing their compositions.

2. It was 4 o'clock yesterday. | was waiting for my friends at
home.

3. Nick found that magazine when he was looking for his text-
book.

4. While | was playing computer games my sisters were doing
their homework.

V. a) Use the suitable formof the verbs (given in brackets) to
complete the sentences:
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1. It’s 5 o’clock. We (meet) our foreign colleagues at the airport. 2.
Look! These students (read) a scientific magazine “Applied
Optics”. 3. When a professor (come) into the laboratory, an
engineer (test) the control system. 4. It was 10 o’clock yesterday.
He (sit) at the table and (write) the report. 5. That device (break)
when they (discuss) the important problem. 6. Who (draw) that
picture from 9 till 12 yesterday? 7. It’s 11 o’clock. What lecture
you (listen) to? 8. While I (learn) new rules my friend (solve) his
problems.

ADJECTIVES: COMPARATIVEFORMS

[IpunaratenbHOE - 4YacTh Pe4M, KOTOpas yMOTPeOJseTcs s
0003HaYCHHUS MPU3HAKA MTPEIMETA.

thematerialsystem -  martepuanbHas cucrema
aresearchgroup - HCCIIeI0BATENbCKAs TPYIIa
ahighpriority - BBICOKHI IPUOPHUTET

HpnnaraTeﬂLHme B AHTJIMMCKOM  SI3BIKE HUMCIOT TpHU
CTCIICHU CPAaBHCHUS:

positivedegree ['pozitivdigri:] MOJIOKUTETBHY O
comparativedegree [kamperativdigri:] CPaBHUTEIIbHYIO
superlativedegree [sju:palstivdigri:] MPEBOCXOTHY IO
1. Adj(e) - Adj(e) +-er -the Adj(e) + -est

large - larger- the largest

2. Adj(y) - Adj(i) + -er - the Adj(i) + -est

funny- funnier - the funniest
Adj(Vy) - Adj(y)+ er - the Adj(y)

gay - gayer - the gayest
—aconsonant; V- avowel

If Adj consists of : 1 syllable; V - short sound; - singl
then Adj() — Adj()-er - Adj()-est
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3.

big - bigger - the biggest

4. If Adj. consists of 3 or more syllables
then

beautiful - more beautiful - the most beautiful

5. REMEMBER!
good — better — the best
bad—- worse |- the worst
little —less - the least
much/many — more — the most
far — further — the furthest

6. Use the word than, when you compare diferent things:
This article more interesting than that one.
Our room is lager than yours.

7. The more ..., the better ...

The more we read, the better we know the world we live on.

V. b) Make up comparative andsuperlative degree from the
following adjectives:

sad - ; thin - ; wonderful - ;  fat-; strange - ;
long-; interesting-; wet-; bad-;  popular-;
high-; low -; little-; small-; angry-;
sunny - ; serious - ; good-; clean-; dry-.

c) Use the suitable formof the adjectives (given in brackets)
to complete the sentences:

The (important) of these things are waveguide dispersion and
material dispersion. Which layer of the cladding has a (low) refractive
index than the core? Is it the (high) level of transparency? This
problem is (important) than that one. The (high)-frequency
components of the pulse are also the (high)-amplitude components.
Being in silica at wavelengths (long) than 1.3 mkm, solutions can
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form and remain stable indefinitely. Is the refractive index of the
active stripes (low) than that of the surrounding material?

VI. Learn to read the words:
[a:] arm, large, market, smart, hard, start, part, partner, department,

architect, advantage

[0:] long, order, store, already, quarter, alternative
[ea ] where, there, area, repairable, compare, stairs

VII. Read and learn these geography names:

Europe
Asia

America [o'merika]

CONTINENTS

['jusrap]
['e1fs]

EBpona
Azus

Amepuka

North America[n2’0 o'merika] Cesepnas Amepuka
South America [saufa'meriks] FOxnastAmepuka

Africa
Australia
Antarctic

Germany
France
Spain
Iceland
Italy
Belgium
Finland

Ireland
Sweden
Switzerland

[‘eefriks]
[os'trerlia]
[ent'a’ktIk]
COUNTRIES
[[d33’moni]
[fra’n(t)s]
[spe1n]
['azslond]
['1t(a)l1]
['beldzom]
['fInlond]
['azalond]
['swi’d(a)n]
['swits(o)lond]

Adpuxka
ABcTpanus

AHTapKTHIA

I'epmanus
Opanuus
Hcnanus
Wcnagons
Hranus
benbrus
Ounnanaus
Wpnannus
Isenus
[IBeliapus
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Scotland ['skotlond] HloTnanmust
Poland ['pauland] IMonpima

the United States of America  CIIIA
the United Kingdom of

Great Britainand Northernlreland O6bennHeHHOE
KoponesctBo
theNetherlands ['nedslondz] ~ Hunmepnanmsrt
theUkraine [ju”'kre1n] Vkpanna
the Crimea [krar'mi’s] Kpbim
the Congo ['kongau] Komnro
CITIES
Edinburg ['edn’barg] BauHOYpr
Glasgow ['gla’zgau] I'masro
Berlin [b3”'lIn] Bepnun

VIII. Read text A 2.1.
TEXT A21

OPTOELECTRONICS RESEARCH
THRIVES IN EUROPE

"Optoelectronics research in Europe, as in other areas of the world, is
a high priority and consequently a thriving research funding exists at
both the national and European levels, and several major pan-
European programs contribute to optoelectronics research and deve-
lopment. When devices become commercially viable, funding from
industrial sources carries them through final development and into the
market.

As an optoelectronic source, vertical-cavity surface-emitting lasers
(VCSELs) are potentially low-cost devices for optical fiber
communications systems and offer advantages such as on-wafer
testing, effective fiber coupling, and array fabrication. The object of



32

intense research in Europe, VCSELSs also provide superior power
efficiency and longer lifetime compared to existing devices.
Furthermore, emission from VCSELSs is perpendicular to the surface,
which makes the devices mounting less demanding than mounting
typical edge-emitting devices.

Research into blue-light-emitting diodes and diode lasers is also
active. The gallium nitride (GaN) material system is one candidate for
a Dblue-emitting semiconductor laser. The first European GaN
Workshop, held in Rigi, Switzerland, in June 1996, indicates the level
of interest in this subject: the workshop attracted about 110 attenders,
more than a quarter of whom were from Germany, 15% from France,
and as many as 10% from Poland, which has a strong Group IlI-
nitride research tradition. In addition, other researchers in Europe are
successfully developing alternative materials for blue-emitting laser
diodes.

Several world-class research groups throughout Europe are deve-
loping pixels and this work is likely to expand as new funding
becomes available under the European information technology
program. Applications of smart pixels include massively parallel
processing in new computer systems, improved machine-vision
systems, and fast switching in telecommunications systems.

Representing one of the largest research groups in Scotland, the
Scottish Collaborative initiative in Optoelectronic Sciences (SCIOS)
is led by Department of Physics at Heriot-Watt University, Edinburg,
and focuses on the applications of optoelectronics in high-
performance information-processing systems (optical computing).
Other organizations in the consortium include Glasgow University,
Edinburgh University, and St. Andrews University. Areas of expertise
include optical-processing systems, semiconductor fabrication, spatial
light modulator (SLM) technology, and diode-pumped solid-state laser
design.

Milestones within SCIOS include the first S-SEED arrays
capable of working with Nd:YLF laser illumination at 1047 nm,
which have been fabricated with MBE-grown strained InGaAs/GaAs
structures. This work has been taken further by developing hybrid
InGaAs/Si smart-pixel arrays. Smart pixels combine the advantages of



33

optically interconnected logic elements with the processing power of
silicon circuitry. This allows construction of effective 2-D arrays of
optoelectronic processing elements.

One example of this is a recently developed electrically
addressed SLM comprising a strained InGaAs optical modulator
array, developed at Glasgow University, that is flip-chip-connected to
a CMOS control back-plane developed at Edinburgh University.
Read-out is accomplished using a Nd:YLF laser, developed at the
University of St. Andrews, with diffractive optics and a compact
optomechanical assembly developed at Heriot-WattUniversity.

At the end of this year the SCIOS project members expect to
have built a demonstration system. An optoelectronic sorter, based on
the CMOS/InGaAs smart pixels already developed, is expected to sort
1024 16-bit words every 10 mks. Such parallel optical systems have
the potential of significantly outperforming all-electronic systems and
open up the prospect of powerful new computer architectures.

As the optoelectronics research being undertaken within Europe
is too extensive to review in complete detail, the representative deve-
lopments described here will serve to illustrate the enormous scale and
scope of the work." [2]

Say what thriving optoelectronics researches exist at both the
national and European levels today.

IX. Word Study.
to develop - grow gradually; become or make more mature, advanced
or organized
to offer - put forward smth (to smb) to be considered and accepted or
refused
to hold - take and keep or support (smb/smth)
pix - pictures, especially those used in advertisements, and advertising
material of any kind.

X. a) Give the Russian equivalents of the following expressions:
a high priority; to become commercially viable; vertical-cavity
surface-emitting lasers; optical fiber communications systems; array
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fabrication; provide superior power efficiency; less demanding;
typical edge-emitting devices; to indicate the level of interest; several
world-class research groups; massively parallel processing in new
computer systems; fast switching in telecommunications systems.

b) Find the equivalents of the following expressions in the text:
6I)ICTp0 Ppa3sBUBarOIIeCs HCCJIICIOBAaHUA, U HA HAIIMOHAJILHOM M Ha
€BPOIEHCKOM YPOBHE; JelIeBble MPUOOPHI; KpPOME TOrO; Hay4YHO-
nuccijaeaoBareiibCkas Tpa)II/IHI/ISI; yCneurHo Ppa3BHUBarOIECA
AJIbTEPHATUBHBIC MAaTEPUAIbI; BEPOSTHO, CIUIIKOM 06H1HpHoe, YTOOBI
OXBaTUTh B3JIAIOM; IIPEACTABICHHOE 000PY/I0BaHHE.

XI. Look through the text "Optoelectronics research thrives in
Europe™ again. Read the following statements and if you think
they are wrong correct them.

1. Several major pan-European programs contribute to optoelectronics

research and development.

2. Vertical-cavity surface-emitting lasers cannot be potentially
lowcost devices for optical fiber communications systems.

3. They lose advantages such as on-wafer testing, effective fiber
coupling, and array fabrication.

4. Areas of expertise include optical-processing systems, semicon-
ductor fabrication, spatial light modulator technology, and diode-
pumped solid-state laser design.

5. Smart pixels eliminate the advantages of optically interconnected
logic elements with the processing power of silicon circuitry.

6. Parallel optical systems have the potential of significantly
outperforming all-electronic systems and open up the prospect of
powerful new computer architectures.

XIl. Complete the following sentences. Your answers must
coincide with the text.
1. Optoelectronics research in ...
2. Vertical-cavity surface-emitting lasers are ...
3. Emission from VCSELSs is perpendicular to the surface, which ...
4. The workshop attracted ...
5. Applications of smart pixels include ...
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6. The representative developments described here serve ...

XI11. Answer the following questions:

1. Why do we say that optoelectronics research thrives in Europe?

2. Where are vertical-cavity surface-emitting lasers usually used?

3. Is emission from VCSELSs perpendicular to the surface?

4. What material system is a candidate for a blue-emitting semicon-
ductor laser?

5. What can you say about the European information technology

program?

XIV. Match the English words on the left with those on the right.

1. consortium 1. sxu3HECTIOCOOHBII

2. fabrication 2. y4acTHHUK

3. design 3. IUIOTHBIN, CKATBINA

4. array 4. 3HAUNTENBHBIN, BaXKHBIH
5. compact 5. 00BequHEHUE

6. assembly 6. MpOM3BOICTBO

7. significant 7. OOIINPHBIN, IPOCTPAHHBIN
8. prospect 8. ceMuHap, cHUMIIO3UYyM

9. crossbar 9. MOJIypPOBOIHHUK

10. partner 10. mup

11. world 11. pacropka, morepevnHa
12. viable 12. mepcriekTuBa

13. semiconductor 13. cobpanwue, c60p

14. workshop 14. maccus, Hernovka

15. extensive 15. ipoekr, mian

XV. Choose the best equivalents of the words on the left from
the words on the right and write them. (Example: include —
comprise)

1. include a) look for b) comprise ¢) twist d) bend

2. combine a) shackle b) hide ¢) connect d) regret
3.comprise  a) envelop b) overcome c) rise d) lose

4. develop a) unwind b) come c) expand d) scatter

5. accomplish a) finish b) reach c) achieve d) make
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6. expect a) foresee b) lead c) include d) wait

7. provide a) secure b) ensure ¢) reduce d) fill

8. lead a) achieve b) conduct c) head d) drive

9. offer a) turn b) foresee c) invite d) propose

10. couple a) bind b) combine c) comprise d) expand

XVI. Define the meaning of the following words (the nouns,
the adjectives or the verbs) in these sentences, translate them:

A perfect cancellation is not achieved because zero dispersion
exists only at an exact wavelength. At 1310 nm, capacity is actually
limited by attenuation for single-mode fibers. Generally, a triangular-
shaped doping pattern is used that minimizes attenuation as well.
Dispersion flattening is accomplished by fibers that have alternating
rings of higher- and lower-refractive-index material, produced by
carefully controlling doping levels.

XVII. Guess what these words mean:
Initiative; University; consortium; expertise; organization;
prospect; architecture.

XVIII. Translate and write the sentences , using the following
words and phrases:
optoelectronic  systems; high-performance information-processing
systems; effective fiber coupling; array fabrication; coherent and
incoherent light sources.

B Hacrosmee BpeMs B €BpPOIEHCKMX CTpaHax TakKUX, Kak
Bemukobputanus, Ppannws, [epmanus, bensrus, OuHIIHIUA,
[[IBeuust U Apyrux, yJIenseTrcss OrPOMHOE BHUMaHUE pa3pa60TKe "
Pa3BUTHIO ONMTO3JICKTPOHBIX YCTPOWCTB M MpuOOopoB. Kak oTaenbHbIE
yCTpOfICTBa, TaK u CJIOXKHBIC MHOTOKAaHAJIbHBIC CHUCTEMBI
OIITO3JICKTPOHUKHU CO3OA0OTCA U3 OTACIBbHBIX 3JICMCHTOB. OCHOBHBIMU
OIITO3JICKTPOHHBIMHU JJIEMCHTaAMU ABJISAKOTCSA HUCTOYHUKHN
KOTCpCHTHOT'O n HEKOICpCHTHOT'O OIITHYECKOT'O HU3Iy4YCHUA,
OINITUYCCKUC CpCAbl, MPUCMHHUKHU ONTHYCCKOI'O HU3JTYUYCHUSA, a TAKIKC
OIITHYCCKHUEC 3JICMCHTHI, BOJIOKOHHO-OIITHYCCKHUEC DJIEMCHTBI u
HUHTCTPAJIbHO-OINITUYCCKUC 3JICMCHTEI.
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XIX. Agree or disagree with the ideas given below. Use the
following phrases:

that's right...; that's wrong...; to my mind...; in my opinion...; |
agree with you...; I think so...

1. When devices become commercially viable, funding from
industrial sources carries them through final development and into
the market.

2. The object of intense research in Europe cannot provide superior
power efficiency and longer lifetime compared with the existing
devices.

3. Applications of smart pixels include massively parallel processing
in new computer systems.

4. Atthe end of this year the SCIOS project members don't expect to
have built a demonstration system.

5. Research into blue-light-emitting diodes and diode lasers is also
active.

XX. Retell text A2.1 according to the scheme:

| Major pan-European program |
|

Devices for optical fiber
communication
systems and their advantages

| The first European GaN Workshop |

Different research groups and their
tasks

Applications of smart pixels
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The hybrid InGaAs/Si smart-pixel
arrays

XXI. Read the dialogue and act it out. Then make up the
dialogues of your own and role play them.

At the first European GaN Workshop.

Mr. Brown: Hello! Mr. Tompson.

Mr. Tompson: Hello! Mr. Brown. How are you?

Mr. Brown: Fine, thanks. And You?

Mr. Tompson: Just fine.

Mr. Brown: Let me introduce my colleague, professor Griessen.

Mr. Griessen, This is my partner, Mr. Tompson.

Mr. Tompson; How do you do?

Mr. Griessen: How do you do? Glad to meet you.

Mr. Tompson: Nice to meet you. Where are you from?

Mr. Griessen: I'm from the Netherlands. | work at the physics

department at VrijeUniversity in Amsterdam.

Mr. Tompson: I've heard so many nice things about your department.
Have you got a program of this Workshop? Doyou know how
many partners take part in the first European GaN Workshop.
Where are they from?

Mr. Griessen: There are more than 1000 partners here. They are from
France, Belgium, Finland, Germany, Ireland, Sweden, Switzer-
land , the United Kingdom of Great Britain.

Mr. Tompson: What are you going to talk about?

Mr. Griessen: I'd like to represent research work of our University
Physics department. It demonstrates a new technique for making
switchable mirrors. We have used, as the basis for a switch, the
change in optical properties that accompanies a transition from
metal to insulator, or semiconductor, in rare earth’s and their
hybrides.

Mr. Tompson: It is very interesting. When does our meeting begin?

Mr. Brown: It begins at 11. Let's go, we'll be there just in time.
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XXII. Continue the dialogue and write it:
Peter: Hello, Ben! | haven't seen you for ages.
Ben: Hi, Peter! It's good to see you again.
Peter: Where have you been?

Ben: I've been to Scotland.
Peter: What did you do there?

Ben: ...

XXI11. Choose a partner and talk about some new researches
being undertaken within Europe.

XXIV. Write a composition about the last optoelectronics
research in one of the European country (Belgium, Finland,
France, Germany, Ireland, Sweden, Switzerland, The
Netherlands, United Kingdom). Limit it to 20 sentences.

PART 2
I. Mind the pronunciation of the following words:
cladding ['kleedin] MOKPBIBAFOIIHIACS
deposition [‘depa'zif(s)n] ocaxmenue; oTI0KEHUE

oce/laHKe; HaHECCHHE
implantation  [‘Impla’n'te1f(o)n] BHexpenue
multifilament  [*malti‘filomoant] MHOT'OBOJIOKOHHBIH
neural network['njuar(a)l'netw3s’k]ueiiponnasicers (BbIYUCITH-

TeNbHAS  WIA  JIOTHYECKas

cXema, MOCTPOEHHAs u3
OHOPOJHBIX  TPOIIECCOPHBIX
3JIEMEHTOB, ABIISAOLIUXCSA

YIPOUICHHBIMU  (PYHKIIOHAITB-
HBIMH MOJICJISIMU HEHPOHOB).
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ongoing ['on’gouin] MIPOIOIIKAFOIITHIACS

phenomena [fr'nomins] SIBIICHUS

phenomenon  [fI'nominon]  sBieHme

strain [stre1n] HATSATUBATh; PACTATUBATE,
HanpiaraTb

superlattice ['soCopar’latis] ceepxcrpykTypa
suppression [so'pref(e)n]  momaBnenme

synthesis ['stnOasis] CHHTE3
well [wel] MOTEHIMAaIbHAS SiMa

I1. Read and translate text B 2.1 and formulate its main idea.
TEXT B2.1
OPTOELECTRONIC RESEARCH IN GERMANY

“In Berlin at the Paul Drude Institute, fabrication of
nanostructured semiconductors and synthesis of new materials by a
molecular beam epitaxy (MBE) is the basis of experimental work. In
addition to investigating conventional quantum-well devices,
superlattices, and differently doped structures, the Institute is
especially interested in applying ordering phenomena during crystal
growth to develop novel structures. This work leads to a program
rich in monitoring and measuring techniques. The Institute is
currently using such techniques to develop better ways of fabricating
GaN-based LEDs and lasers. Deposition on both GaAs and silicon
substrates is being examined in detail. There are also ongoing
projects to develop multifilament current structures in n-GaAsfor
use in neural networks and to design and fabricate VCSELSs.

The University Ulm is home to one of the leading groups
involved in the development of VCSELSs, primarily in the spectral
region between 800 and 1000 nm. The group uses solid-source MBE
to fabricate multi-layer systems on a substrate of n-GaAs. The active
layer comprises GaAs with three strained Ing,GaggAs quantum wells
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in the centre, and theseproduce light at 980 nm. Top and bottom
mirrors contain Aly;Gag3As/GaAs quarter-wavelength Bragg stacks.
Current confinement is achieved either by using deep proton
implantation or with selective oxidation of an extra AlAs layer
directly above the top cladding layer.

To date, the best performance has been achieved with multimode
oxidized 20-mkm-diameter VCSELs. They produce 10-mW output
power with a conversion efficiency of 47% and a maximum power of
more than 40mW. Continuous-wave operation is obtained from -80°C
to +130°C. A single-mode laser produces 2.7 mW maximum output
power with 50-dB sidemode suppression. Proton-implanted VCSELSs
are not as power efficient. The researchers found thatoxidized devices
are about three times as efficient as proton-implanted devices on the
same water, although the latter devices do have low electrical
capacitances that favour fast modulation.”[2]

I11. a) Give the Russian equivalents of the following
expressions:

ongoing projects; to use in neural networks; nanostructured
semiconductors; a molecular beam epitaxy; a conversion efficiency; to
develop multifilament current structures; to fabricate multi-layer
systems; top and bottom mirrors; quarter-wavelength Bragg stacks;
deep proton implantation; a conversion efficiency; favour fast
modulation.

b) Find in the text the equivalents of the following
expressions:

SIBrieHus, TPOUCXONSIIME B TEYEHUE pOCTa KpHUCTaslia,
MPUBOJUTH K YEeMY-TH0O0; TEXHOJOTHS M3MEPEHUS M KOHTPOJIs; OBITh
JOECTAJIbHO HUCCIECA0OBAaHHLIM, CIICKTpaJibHasA O6J]aCTI); BBIXOJHAas
SHEprus; HEMPEPHIBHOE IEMCTBUE; OJTHOMOJIOBBIN Ja3ep.

IV. Find a sentence which expresses the main idea of each
paragraph of text B2.1. Entitle each paragraph.

V. Look through text B2.1 and answer the following
questions:
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1. What solid-source does the leading group of the University Ulm
uses to fabricate multilayer systems on a substrate of n-GaAs?

2. There are also ongoing projects to develop multifilament

current structures in n-GaAsfor use in neural networks and to

design and fabricate VCSELS, aren't they?

3. What layer comprises GaAs with three strained Ing,GaggAs

guantum wells in the centre?

4. What parts of mirrors contain Aly;GagsAs/GaAs quarter-
wavelength Bragg stacks?

5. What output power with a conversion efficiency of 47% do they
produce ?

6. What is a maximum power?

7. Proton-implanted VCSELS are not as power efficient, are they?

8. Do the researchers found thatoxidized devices are about three times
as efficient as proton-implanted devices on the same water?

V1. Find key words (phrases) which express the main idea of
each paragraph of text B2.1. Make up and write the scheme of
text B2.1 using the key words.

VI1I. Make up and write your questions to text B2.1 that can
be used as a plan. Ask your friends these questions.

VIII. Say what information which you read in the text is new
to you. What information have you ever known?

IX. Complete the following sentences using the text.
. This work leads to...
. The Institute is currently using such techniques to develop...
. Deposition on both GaAs and silicon substrates is ...
. The active layer comprises ...
. Top and bottom mirrors contain ...
. Current confinement is achieved ...
. A single-mode laser produces ...
. The researchers found that ...

coO~NO Ok WN P
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X. Write some sentences about text B2.1. Use the following
conversation phrases: | think it is right because ... ; I think it is
important... ; It is interesting to know ...

XI. Using the material above the text, write main points
according to the questions (V11).

XI1. Write a summary of the text.

XII1. Agree or disagree with the ideas given below. Use the
following phrases:

You see ...; as for me...; in my opinion...; | can say that...; I think so...

1. The Paul Drude Institute is especially interested in applying order-
ing phenomena during crystal growth to develop novel structures.

2. This work leads to a program rich in monitoring and measuring

techniques.

3. Deposition on both GaAs and silicon substrates isn't being
examined in detail.

4, There are no ongoing projects to develop multifilament
current structures in n-GaAsfor use in neural networks and to de-
sign and fabricate VCSELSs.

5. The University Ulm is home to one of the leading groups involved
in the development of VCSELSs.

6. The active layer cannot comprise GaAs with three strained
Ing2,Gag gAs quantum wells in the centre.

7. Current confinement isn't achieved either by using deep proton im-

plantation.

8. The best performance has been achieved with multimode oxidized
20-mkm-diameter VCSELSs.

9. Continuous-wave operation is obtained from -50°C to +100°C.

10. A single-mode laser produces 2.7 mW maximum output power

with 50-dB sidemode suppression.

XIV. Choose a partner and talk about some problems which
arise in text B2.1. Use conversation phrases.
For example: A: What can you tell me about the main idea of ...?
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B: As well-known ...
C: Well, you are right. But | have never heard ...
D: I'd like to tell you ...
A: I think itis ...

XV. Prepare the report on the theme connected with text
B2.1.

XVI. Write translation of the paragraph which begins " In
Berlin at the Paul Drude Institute, fabrication...”

XVII. Read text C 2.1.
TEXT C21
OPTOELECTRONIC RESEARCH IN FINLAND

"Tampere University of Technology (TUT; Tampere) has a
semiconductor research group of 25 scientists. Designated as a centre
of excellence by the Ministry of Education with annual funding of
$1.5 million - derived primarily from business contracts - the group
develops epitaxial compound semiconductor wafers and
optoelectronic devices.

One of the developments emerging from TUT is production of
aluminium-free GalnAsP 980-nm diode lasers that deliver up to 250-
mW output power in a single spatial mode. Aluminium-free diode
lasers offer significant advantages, including higher damage
thresholds, reduced leakage current, and longer life-time. Reliability
testing of the TUT lasers indicates several thousand hours operation at
high operating power. The laser beam shape has been optimized for
pumping erbium-doped fiber amplifiers (EDFAs). A Fiber-pigtail-
packaged module launches more than 100 mW of output power into a
fiber.

Visible laser diodes are also produced at TUT. Red-emitting
GalnP lasers provide a CW output of 1W from a shallow-ridge chip
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40x1200 mkm. Multiple-emitter diode-laser bars currently emit a
maximum CW output of 24W with 38% wall-plug efficiency."[2]

XVIII. TranslatetextC2.1.Usethefollowingphrases:
uccieoBaTebckasl IpyIna, MUHHUCTEPCTBO 00pa3oBaHUs;
eXerogHoe (GMHAHCHPOBAHHE; AUTAKCHATBHBIN CIIOH; MPOCTpaHCT-
BEHHAas MOJa; MOpOT MOBpekaeHHs (M3HOCA); yTeyKa TOKa;
OoJiee ATUTENBHOE BPEMSl )KU3HU,; BUIMMBIC JIa3ePHBIC JHOJIbI; MEIKO-
3EpHUCTBII YMII.

XIX. Retell text C2.1.Use the following phrases:
It is well-known that...; I'd like to say...; may be called...; |

would advise to call your attention to ...; it is interesting that ...; |
should say that ...



UNIT 3.1

bow
concave

converge
convex
credit

curvature
devise
diverge
eclipse
empirically

evaporate
expose
flux

geometrical

PART 1
I. Mind the pronunciation of the following words:
[bau] ayra
[kon'ke1v] BOTHYThIH
[kan'v3’d3] CXOJUTHCSI
[‘kon'veks] BBIITYKJIBIH
[kredrt] JIOBEPSTH, BEPHUTH;
HPHITHCHIBATh; KPSUTOBATh
['k3’vatfa] KpPHUBU3HA, U3TU0, HICKPHUBJICHUE
[dr'va1z] 3a{yMbIBaTh, N300peTaTh
[dar'v3’d3] OTKIJIOHATBCS
[1'klzps] 3aTMEHHE
[1m'p1rik(e)l1] smMmupuyuecKH; ONMBITHBIM
nyTeM
[1'veep(a)rert] wucmapsThes; Mcye3aTh
[1k'spouz] BBICTABJISITh; IOJBEPraTh
[flaks] IIOTOK, UCTEKATD, OUMILATE,
UIABUTh
[‘d31o'metrik((9)])] reomerpuueckuii
['In(t)std(a)nt] MaIafoui

incident
incorporate

incorporating

inherent

manipulation

[1n'ka’p(a)rat]

BHEJIPSTh; BKIIOYATh,
O0XBaTBIBATh; COJIEPIKATh

[1n'ko’p(a)rot] coemmueHHBIIH, 0OBEIUNHEHHBII,

[1n'her(a)nt]

Hepa3JeabHbIN
MPUCYILHNA; HEOTHEMJIEMBII

[ma’n1pjo'le1f(a)n] manunyssuus; obpaienue

observation[‘obza've1f(a)n]

HaOJII0IeHUE
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plane [plein] TIOCKOCTh

plant [pla’nt] pactenue

predictable [prr'diktobl]  mpenckasyembrii

ratio ['re1f1ou] OTHOIIEHUE, IPOIOPIINSL;
K03 (HHUITUEHT; COOTHOIIIEHUE

regardless [rT'ga’dlas] He 00palaronii BHUMaHHS,
HE JyMasi; He CUMTAsChH

reversion [r'v3’f(s)n]  BO3BpalEHUE;
nepeBOpaYnBaHNe

scientific [‘saron'tifik]  wayuHbIi

shadow['[zdau] TEHB; 3aTCHATh

up-right [Apratt] MepEeBEPHY THIH

vacuum ['veekju’m] BaKyyM; BaKyyMHBIH

vary ['veoar1] MEHATB(Cs1), U3MEHSTH(Cs)

I1. Read and translate the following phrases:

the law of reflection basic optical principles

paraxial formulas to be discovered empirically
theoretical explanation to generate chlorophyll

optics textbooks more scientific terms

the oldest optical element the incident power

a wide range the angle of reflectance

Arabian optician the intersection of the incident and

reflected rays

I11. Read and guess the meaning of these words:

chlorophyll ['kI>’rof1l] paraxial [pa'rakseal]
dispersion [d1'sp3’[(a)n] philosopher [f1'losofa]
Euclid [ju’klzd] physics ['f1ziks]
formula [f>’mijals] principle ['prin(t)sapl]

lens [lenz] prism ['priz(s)m]
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manipulation[ma’nipjo'le1f(a)n] pyramid ['prromid]
parabolic [‘paera'bolik((s)l)]  refraction [r1'freekS(a)n]
LOOK, READ, REMEMBER!
-able, -ive
Verb + -able = Adj
- ive

read + able =readable
predict + able = predictable
attract + ive = attractive
affirmat + ive = affirmative
collect + ive = collective
reflect + ive =reflective

V. a) Make up adjectives from the verbs and write them:
distribute -; suit - ; agree - ; allow - ; amen - ; exaggerate - ;
esteem - ; except - ; excess - ; exonerate - ; operate - ; Oppress - .

b) Fill in the blanks with suitable words and write the

following sentences:

Crystals of the material currently suffer from (excess/excessive)

scattering, however, which causes loss and makes LiCaF a less
(attract/attractive) candidate for laser systems. The (effect/effective)

emission cross-section of Cr:LiSGaF is approximately 70% of

Cr:LiSAF. Crystals of both materials have been grown with
(pass/passive) scatter losses of less than 0.1 cm.

GRAMMAR  REVIEW

Modal Verbs.
Present Past Future
can can could -
must must had to -
be able to In Present, Past or Future instead of can
have to have to had to will have to

may may might -
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should = ought to (they are similar)
need
to be to

V. Rewrite following sentences twice: in Past and in Future:
1. You must repeat these rules. 2. All-solid-state femtosecond lasers
have to fuel much of development of Cr:LiSAF. 3. We cannot meet
you at the railway station. 4. He must examine that device. 5.The
students must take their examination in Mathematics.

VI. Learn to read the words:
[ia] nearly, superior, radioactive, paraxial, inherent, geometrical,
[0i] spoil, coin, voice, soil, toils
[ua] sure, vacuum,
[9] group, regardless

VII. Read and translate the text A 3.1.
TEXT A31
HOW MIRRORS SHAPE LIGHT SYSTEMS

"Snell's law of refraction, the law of reflection and the law of
dispersion - basic optical principles we may have studied in Physics.
These principles play critical roles in the manipulation of light. Even
the most complicated optical designs must bow to these laws and
incorporate either individually or collectively the fundamental
elements of optics - mirrors, lenses and prisms.

These laws were discovered empirically - from observing the
refraction of rays of the sun as it rose and set in the sky, or from
watching the formation of shadows or the phases of an eclipse. From
their observations, the early Chinese, Greek and Arabian philosophers
developed the science of geometrical optics - a method of studying
light as rays instead of waves or particles. The rays are called paraxial
because they are incident along or near the axis of an optical system.
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Paraxial formulas have been devised to explain the behaviour of the
light rays.

The formulas with their theoretical explanations can be found in
most optics textbooks and in catalogues from optics manufactures.

The mirror is perhaps the oldest optical element. Looking glasses
were discovered in Egyptian pyramids built in 1900 BC. Plane, or flat,
mirrors are found in practically every home today. Spherical, or
parabolic, mirrors are often used in optical systems instead of lenses.

When a ray of light is incident upon a surface, components of
the light are either absorbed or reflected. We see only the portion of
the visible spectrum that is reflected. An apple appears to be red
because the colours (wavelengths) of spectrum are absorbed at its
surface except for red. A plant would die if exposed only to green
light because it requires the absorption of all other wavelengths to
generate chlorophyll.

This property inherent in mirrors, as well as lenses and prisms, is
reflectance - the ratio of the light reflected from a surface to the total
light reaching it. In more scientific terms, it is theratio of the reflecting
power or flux to the incident power. Reflectivity can vary over a wide
range - from nearly 100% for metals that reflect visible and infrared
wavelengths to nearly zero for highly absorbing materials.

The angle of reflectance of a ray of light is equal to its angle of
incidence. This is the first law of reflection, originally determined by
Euclid in 300 BC. The second law of reflection, credited to Alhazen,
an Arabian optician, says that the incident ray, the reflected ray, and
the normal must all lie in the same plane. Both of these laws of
reflection are critical when determining where an image will appear.

Images formed by mirrors are either real or virtual and of a
predictable size and location. A real image is formed when the
intersection of the incident and reflected rays is in front of the mirror.
A flat mirror produces a virtual image because the focal point, where
all the incident parallel rays converge, is behind the reflective surface.
It means that each point of an object at given perpendicular distance
from the mirror is imaged the same distance behind the mirror. The
change is a 180° rotation about the optical axis, known as reversion.
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In addition to flat, the most common shapes for mirrors are
convex and concave. These terms refer to the shape of the surface
when looking along the direction of the incident light. A convex
mirror, regardless of the position of an object, will always form a
virtual, upright and reduced image. An image produced by a concave
spherical mirror is dependent on the location of the object in relation
to its focal point.

A concave spherical mirror has an axis of symmetry - the optic
axis - through its center. A point on this axis equidistant from every
point on the mirror's surface is the center of curvature. An object
beyond the center of curvature forms a real image between the focal
point and center of curvature.

If an object is placed at the center of curvature, the mirror forms
a real image that is the same size as the object but inverted. As the
object is moved closer to the mirror, the image, though still real and
inverted, moves away from the mirror and is larger than the original.
When the object reaches a point halfway between the mirror and its
center of curvature - the focal point of the mirror - the reflected rays
from each point become parallel and no image is formed. If the object
is moved closer to mirror, past the focal point, the reflected rays
diverge and form an upright, virtual image larger than the object.

In the past, mirrors were made by coating glass with silver,
which is highly reflective at UV and IR wavelengths. Vacuum-
evaporated coatings of aluminum on highly polished substrates are
now the accepted standard for quality mirrors."[3]

Say what fundamental elements of optics do you know?
Describe the basic optical principles.

VIII. Word Study.
concave - curved inwards like the inner surface of a sphere or

a ball

incorporate — make smth part of a whole; include

invert — put (smth) upside down or in the opposite order,
position

or arrangement
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IX. a) Give the Russian equivalents of the following
expressions:
The manipulation of light; the phases of an eclipse; instead of waves
or particles; Egyptian pyramids; optics manufactures; the portion of
the visible spectrum; nearly zero; the focal point; real or virtual;
known as reversion; convex and concave; regardless of the position of
an object; the center of curvature; virtual image larger than the object.
b) Find the equivalents of the following expressions in the text:

I/IFpaTI) KPUTHYCCKYTO pOJ'H); OCHOBHBI€ DJIEMECHTBLI OIITHUKHU,
MPEJIOMJICHUE JIydel COJIHIIA; OCH ONTHYECKOH CHUCTEMBI; OOBICHSITH
IIOBEACHUC CBCTOBBIX nyqeﬁ; CHJIBHO IOIJIOIIAIOIIUC MaTepI/IaJ'II)I; B
TOM XK€ IJIOCKOCTH, I[efICTBHTCHLHOC I/I306pa>KCHI/IC; MHUMOE€
n3zobpakeHue; napajieNbHbIe Ty4yH; Haubosee oduue GopMbl 3epKa;
LHCHTP KPUBU3HBI.

X. Look through the text ""How mirrors shape light systems""
again. Read the following statements and if you think they are
wrong correct them.

1. Snell's law of refraction, the law of reflection and the law of

dispersion are basic optical principles.

2. These laws were discovered experimentally.

3. If an object is placed at the center of curvature, the mirror forms

an upright, virtual image larger than the object.

4. The early Chinese, Greek and Arabian philosophers developed

the science of geometrical optics.

5. The rays are called paraxial because they are incident along or near

the axis of an optical system.

6. The angle of reflectance of a ray of light is unequal to its angle of
incidence.

7. This property inherent in mirrors, as well as lenses and prisms, is
reflectance - the ratio of the light reflected from a surface to the
total light reaching it.

8. An image produced by a convex mirror is dependent on the
location of the object in relation to its focal point.
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9. The first law of reflection, originally was determined by Euclid in
300 BC.

10. Vacuum-evaporated coatings of aluminum on highly polished
substrates are now the accepted standard for quality mirrors.

XI. Complete the following sentences. Your answers must be
according to the text.
1. These basic optical principles play critical roles in ...
2. These laws were discovered empirically ...
3. The formulas with their theoretical explanations can be found in ...
4. Spherical, or parabolic, mirrors are often used in ...
5. When a ray of light is incident upon a surface, components of the
lightare ...
6. An apple appears to be red because ...
7. A real image is formed when ...
8. A concave spherical mirror has an axis of ...
9. Mirrors were made by coating glass with ...

XI1. Answer the following questions:

. What are the basic optical principles?

. How were these laws discovered?

. What rays are called paraxial? Why?

. The formulas with their theoretical explanations can be found in
most optics textbooks and in catalogs from optics manufactures,
can't they?

. Where and when were looking glasses discovered?

6. Is the angle of reflectance of a ray of light equal to its angle of

incidence?

7. What image does mirror form if an object is placed at the center of

curvature?

8. What image does mirror form if the object is moved closer to

mirror, past the focal point?

A OWOWDN P

ol

X111, Match the English words on the left with those on the right.
1. focal 1.xpuBu3Ha
2. mirror 2. 00beJUHEHHBIN



. image

. eclipse

. instead of
. convex

. concave

. reversion
9. dispersion
10. curvature
11. equal

12. angle

13. form

14. incorporate
15. virtual

co~No U1~ W
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3. BorHyTOC

4. co3naBaTh
5.BBIITyKITOE
6.1300paxkeHue
7.oxycHbIH
8.3epkaio
9.paBHbIH
10.yron
11.mHHMMOE

12 .xpome

13. nepeBopauuBanue; peBepcus
14. 3atmeHue
15. nucnepcus

XIV. Choose the best equivalents of the words on the left
fromthe words on the right and write them. (Example: bow — fold)

. bow

. devise

. expose
.vary

. credit

. converge
. diverge

. evaporate
. polish

10. reflect

OO ~NOO OIS, WNE

a) count, b) fold, ¢) bend, d) smooth

a) invent, b) recognize, c) create, d) extract
a) subject, b) take, ¢) remove, d) influence
a) fail, b) betray, c) change, d) relieve

a) attribute, b) believe, ¢) finance, d) add
a) meet, b) approach, ¢) nail, d) closer

a) break, b) pass, ¢) go, d) disperse

a) condense, b) die, ¢) steam, d) disappear
a) wear off, b) smooth, c) buff, d) grind

a) represent, b) rebuff, c) repulse, d) show

XV. Define the meaning of the following words (the nouns,
the adjectives or the verbs) in these sentences, translate them:

If starting materials of good quality are available for both
LiSAIF and LiSGaF, LiSGaF is more sensitive to oxygen or moisture
contamination in the furnace. This distance allowed rapid, wide-area,
high-resolution coverage with relative safety from entanglement in
debris fouling the pipe. Pipeline debris such as fishing nets is
hazardous to conventional camera-based inspection systems that ride

directly on the pipe.
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XVI. Guess what these words mean:
Critical; empirically; individually; collectively; geometrical
optics; catalogue; spherical.

XVII. Translate and write the sentences, using the following
words and phrases:optics; Gaussian optics; geometrical optics; the
centers of spherical planes; symmetry plane; picture plane; image
plane; Gaussian image plane.

B 1841 romy I'aycc cozmam oOmIy0 TEOpPHIO HACaTHHBIX
ONTUYECKUX CHUCTEM. Teopus UACAIbHON ONTHUYECKON CUCTEMBI - 3TO
YUCTO  TEOMETpUYECKass  Teopud, KOTOpass  yCTaHaBJIMBAcT
COOTHOIICHUE MEXKIAY TOYKaMH, JIMHUAMH, IIJIOCKOCTAMU. .HI/IHI/ISI,
COCIUHSIONIAs HEHTPBl CHEPUUECKUX IOBEPXHOCTEH, IMPEACTaBIISICT
co00lf OCh CHMMETPHH IICHTPUPOBAHHOW CHCTEMBI M Ha3bIBACTCA
IJIaBHOM ONTHUYECKOM ochblo cucTeMbl. Teopus ['aycca ycraHaBiIuBaeT
pAl  KapJWHAIBHBIX TOYEK MW IUIOCKOCTEH, 3aJaHue KOTOPBIX
MOJHOCTBIO  ONHUCHIBAET BCE CBOWCTBA OINTHUYECKON CHUCTEMBI.
NneanpHas cucreMa uMeeT ABE IVIaBHBIE INIOCKOCTU. Bce TOUkM 3TUX
IJIOCKOCTEH COMPSKEHBI U M300paXkaroTcs ¢ yBenuuenueM +1. Todku
NEpeCCUCHUA TJIaBHBIX IJIOCKOCTEN C OCbI0 HAa3bIBAIOTCS TJIAaBHBIMH
TOYKaMH CUCTCMBI. OHTI/I‘IGCKYIO CUCTCMY MOXXHO OXapaKTCPU30BATH
JIMHEWHBIM U YTJIOBBIM YBCIIMUCHHUEM. Ot ABa napamMeTpa pa3jinvHbl
AJId pa3HbIX TOYCK OCH. Yem Ooublle JUHEHHOE YBCINYCHUEC, TEM
MCHBUIC YIJIOBOC, TO €CTh, IIPU YBCINYCHUU Pa3MCpPOB I/I306pa)KeHI/I$I
JIy4H, KOTOpPBIC €ro 06pa3y10T, COCTAaBJISAIOT MCHBIIHI YTOJI. Bce 310
HUMECT BAXHOC 3HAYCHUC IIPU PACCMOTPCHUU POJIM OINTHYCCKHUX
HHCTPYMEHTOB.

XVIII. Agree or disagree with the ideas given below. Use th
following phrases:
that's right...; that's wrong...; to my mind...; in my opinion...; |
agreewith you...; | think so...
1. Looking glasses were discovered in China.
2. The most complicated optical designs don't bow to these basic opti-
cal principles and incorporate either individually or collectively the
fundamental elements of optics - mirrors, lenses and prisms.
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Paraxial formulas have been devised to explain the behavior of the
light rays.

The property inherent in mirrors, as well as lenses and prisms, is
reflectance.

When an object reaches a point halfway between the mirror and its
center of curvature - the focal point of the mirror - the reflected
rays from each point become parallel and no image is formed.

An object beyond the center of curvature forms a real image be-
tween the focal point and center of curvature.

The mirror cannot be the oldest optical element.

An image produced by a concave spherical mirror isn't dependent
on the location of the object in relation to its focal point.

XIX. Retell text A3.1 according to the scheme:

Basic optical principles |

The science of geometrical optics

The mirror is the oldest optical
element

| Absorbtion and reflection of the components of light |

| Theratio of reflecting power |

| Two laws of reflection |

Convex and concave mirrors

Real and virtual images
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XX. Read the dialogue and act it out. Then make up the
dialogues of your own and role play them.

AT THE PLANT

Mr. J.B. Crewe, the Chief of the shop: Hello, Mr. Jones.

Mr. R.D. Jones, the commercial Director: Hello, Mr. Crewe. Let me
introduce you the managers: Mr. Black and Mr. Stuart. They
work for Scientific Measurement Systems Inc.

Mr. Crewe: Hello, Mr. Black. Hello, Mr. Stuart. How do you do?

Mr.Black: How do you do?

Mr. Stuart: How do you do? Our Company is interested in your
products - mirrors, lens, prisms.

Mr. Crewe: We fabricate different kinds of the fundamental elements
of optics. They have different sizes, coverings and are made
from different materials. We should be pleased to offer your our
illustrated catalogue and price-list of our products.

Mr.Black: Thanks. But we would like to have some information
about prisms.

Mr. Crewe: OK. Some months ago we began to produce new kinds of
prisms. For example, more-specialized prisms include corner-
cube reflectors, penta prisms, roof prisms and porro prisms.

Mr. Stuart: Tell us about them in detail.

Mr. Crewe: Corner cubes reflect any beam entering the face,
regardless of orientation, making them useful for applications in
which precision alignment is difficult. Penta prisms are useful in
range finders and movie cameras. They reflect light through 90°
by two reflections without inversion or reversion of the image.

Mr.Black: And what about roof and porro prisms?

Mr. Crewe: Roof prisms erect an image and bend the line of sight
through 90°. In refracting astronomical telescopes they erect
ima-ges. Porro prisms are pairs of narrow right-angle prisms that
are used in binoculars and telescopes. They erect and revert an
ima-ge as well as shorten the length of an instrument.

Mr.Black: Thank you very much. Your information is very useful for
us. Please let us have your prices in USD.
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XXI. Continue and write the dialogue:
Edgar: Hi, Mark! Have you chosen the theme of your report?
Mark: Oh, no. Could you help me? I did not write the list of
them.
Edgar: OK. Take your pen and write. The first one is “The
History of Mirrors”, the second one is “ The Basic Optical
Principles”, the third one is * The Fundamental Elements of
Optics - Mirrors, Lenses and Prisms”, then ...
Mark: Stop, stop that’s enough. I’ve chosen.

XXI1. Choose a partner and talk about some problems which
arise in test A3.1.

XXIII. Write a summary of the text. Limit it to 15 sentences.
PART 2

I. Mind the pronunciation of the following words:
aberration [‘&ba're1f(o)n] abGeppauus; oTkIOHEHKE

astigmatism  &'sttgmotiz(s)m]acTurmarism

brain [bre1n] MO3T; TOJIOBA

chromatic [krou'matik] uBetHoit

coma ['keumo] KoMa

cornea ['ko’ni1a] poroBasoboI0YKariasa
distortion [di'sto’f(o)n]  mcKaxkeHHWE; MCKPHMBIIEHUE
equation [1'kweI3(a)n] BbIpaBHUBaHHUE; ypaBHEHHE
feasible ['fi’zobl] BBIITOJHUMBI#; OCYIIECTBUMBIIA;

BO3MOKHBIH; BEPOSITHBIN
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frustrate [fra'strert] paccTpanBaTh; CPBIBATH; JCIaTh
Oecrone3HsIM

index ['Indeks] WHJICKC; YKa3aTellb, KaTaJor;
KodpuLEeHT

microscope ['markraskoup] muxpockomn

quantity ['kwontoatr] KOJIMYECTBO,  BEIUYMHA

retina [retzns] ceTyaTKa

spectacles ['spektoklz] OYKH

transparent [treen(t)'spaer(a)nt]mpo3paunbiii;
MIPOCBEYNBAIOIIUCS

usable ['ju’zabl] MPUTOIHBIN K HCIIOIB30BaAHUIO;

yIOOHBIN; TPaKTHYHBIN
Il. Read text B 3.1 and formulate its main idea.
TEXT B3.1
LENSES: LIGHT BENDING

"Lenses have had a relatively long evolution. Roger Bacon used
a reading glass in the 13™ century. Spectacles were introduced in
Europe in 1287. But it wasn't until some 400 years later that the
microscope was invented, followed by the telescope a decade or so
after that.

The governing law for the operation of lenses is the law of
refraction, or Snell's Law. This calculation determines how much light
is bent, or refracted, as it passes from one medium to another, such as
sunlight passing from air into water or from air into a lens. Light is
refracted when there is a change in its speed. The greater the optical
density of the medium that the wavelength enters, the lower the speed
of light through the medium. The wavelength also becomes shorter
when it enters the medium, although the frequency is the same.



60

Snell discovered two important points for determining how
much the ray will be bent - that the incident and refracted rays lie in
the same plane and that the refracted angle can be calculated by

n1Sin; = n,sino,

where n; =index of refraction of the first medium, 6, = angle of
incidence in the first medium, n, = index of refraction of the second
medium, 0, = resulting angle in the second medium.

In its most simple form, a lens is a single curved surface that
collects light from a source and refracts that light to form a usable
image of that source. Our eyes do this. Usually, a lens consists of two
or more transparent refracting interfaces, at least one of which is
curved. Depending on its curvature, a lens will cause light either to
converge or diverge. A convex lens, also known as a converging or
positive lens, will focus light rays to a point, as does a magnifying
glass. It will always be thicker in the center than at the edges. A
concave, diverging, or negative lens disperses light and is thinner in
the middle than at the edges.

A lens, like a mirror, will form either a real image that can be
projected onto a screen or a card, or a virtual one that cannot be
projected. Also, as with a mirror, an image from a lens can appear
either upside down or right side up. A convex lens inverts the image; a
concave lens does not. Most astronomical telescopes use convex
lenses. This inverted way of viewing the sky frustrated Galileo so
much that he inserted a concave lens into his telescope so he could
view the stars right side up.

The cornea of the human eye is convex lens that refracts light
coming through it, focusing it into inverted images on the retina. The
inverted images are conveniently turned right side up by the brain.

The behavior of a convex lens is similar to that of a concave
mirror in that the place where the image is formed is dependent on
where the object is in relation to the focal point. The equation used to
calculate the focal length of a convex lens is the same as that used for
mirrors.

A concave, negative lens by itself cannot form a real image as a
positive lens can. Light passing through a negative lens parallel to the
optic axis is bent away from the axis. The focal point of the negative
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lens is located by extending these diverging rays backward until they
cross the axis. The image formed by a diverging lens is always virtual,
upright, smaller and closer to the lens than the object. Negative lenses
are used to reduce images and to construct compound lenses.

When an optical engineer asks "Which lens should | use?" he or
she begins by defining the problem - nothing critical quantities such as
magnification, focal length, clear aperture (diameter), and object and
image position by applying the paraxial formulas with the known
parameters and solving for remaining values such as the f-number,
numerical aperture, and element diameter of the system. These are
purely geometrical values, determined by paraxial equation, that tell
nothing about the quality of the image produced. But they do provide
an idea of how feasible the task is. Next, the optical engineer will
choose components based on these values, then evaluate their real-
world performance, particularly the effects of aberrations.

The imaging capability of a real optical system is diffraction-
limited, never perfect. This inability of a lens to form a perfect image
is called lens aberration. Mirrors are also susceptible to this
phenomenon. Common lens aberrations are spherical, coma, field
curvature, astigmatism, distortion, and chromatic. A spherical
aberration occurs, for example, when you have a converging lens or
mirror that cannot bring parallel rays into focus. This is usually
because the focal length for rays focused by the central part of the lens
differs from that for rays focused by the outer parts, and a fuzzy image
is formed. Compound lenses are often used to minimize
aberrations."[3]

I1l. a) Give the Russian equivalents of the following
expressions:

A relatively long evolution; the governing law; the refracted
angle; a single curved surface; two or more transparent refracting
interfaces; a magnifying glass; to invert the image; to insert a concave
lens into something; on the retina; diverging rays; to construct
compound lenses; clear aperture; diffraction-limited; never perfect; a
fuzzy ima-ge.
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b) Find in the text the equivalents of the following
expressions:

PaCCCI/IBaIOH_Ia}I JINH3Q, CO6I/IpaIOI]_Ia}I JINH3Q, OIITHYCCKas
IUIOTHOCTh CpeAbl; B TOM K€ IUJIOCKOCTH; IO KpaWHeu Mepe;
MIPOCKTHPOBATh HA 3KPaH, poromas 00OJ0YKa TIJa3a; MapauielIbHO
ONTUYECKOW  OCH; HWHXKEHEP-ONTHK, KadecTBO HW300paKeHHS,
aCTUIMaTHU3M, JUCTOPCHUS, XpOMaTHYECKast a6eppau1/1;1.

IV. Find a sentence which expresses the main idea of each
paragraph of text B3.1. Entitle each paragraph.

V. Look through text B3.1 and answer the following
questions:
. Who used a reading glass in the 13" century?
. When were spectacles introduced in Europe?
. What happens with light when there is a change in its speed?
. Snell discovered two important points. What are they?
. Depending on its curvature, a lens will cause light either to con
verge or diverge, won't it?
. What lens is known as a positive lens?
. Can real image be projected onto a screen?
. Which lens should an optical engineer use?
. How inability of a lens to form a perfect image is called?
10. What common lens aberrations do you know?

abhwnN P
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VI. Find key words (phrases) which express the main idea of
each paragraph of text B3.1. Make up and write the scheme of
text B3.1 using the key words.

VII. Make up and write your questions to text B3.1 that can
be used as a plan. Ask your friends these questions.

VIII. Say what information which you read in the text is new
to you. What information have you ever known?

IX. Complete the following sentences using the text.
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1. But it wasn't until some 400 years later that ...

2. The governing law for the operation of lenses is ...

3. The greater the optical density of the medium that the wavelength
enters, the lower ...

4. The refracted angle can be calculated by ...

5. An image from a lens can appear either ... or ...

6. Negative lenses are used ...

7. The inverted images are ...

8. The optical engineer will choose components based on ...
9. The imaging capability of a real optical system is ...

10. Common lens aberrations are ...

X. Write some sentences about text B3.1. Use the following
conversation phrases: | think it is right because ...; I think it is
important...; It is interesting to know ...

XI. Using the material of the text above, write main points
acceding to the questions (VII).

XI1. Agree or disagree with the ideas given below. Use the
following phrases:

You see ...; as for me...; in my opinion...; | can say that...; | think so...

1. The equation used to calculate the focal length of a convex lens
isn't the same as that used for mirrors.

2. A negative lens by itself can form a real image as a positive lens
can.

3. The focal point of the negative lens is located by extending these
diverging rays backward until they cross the axis.

4. The wavelength doesn't become shorter when it enters the medium,
although the frequency is the same.

5. A lens, like a mirror, will form either a real image that can be
projected onto a screen or a card, or a virtual one that cannot be
projected.

6. These are not purely geometrical values, determined by paraxial
equation.
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7. A spherical aberration occurs, for example, when you have a
converging lens or mirror that cannot bring parallel rays into focus.

8. Compound lenses are often used to minimize aberrations.

9. A lens is a single curved surface that collects light from a source

and refracts that light to form a usable image of that source.

XII1. Choose a partner and talk about some problems which
arise in text B3.1. Use conversation phrases.
For example: A: What is the main idea of ...?
B: Itis known ...
C: Well, you are right. But a lot of problems arise ...
D: I'd rather add ...
A: I think itis ...

XIV. Prepare the report on the theme connected with text B3.1.

XV. Write translation of the paragraph which begins " In its
most simple form, a lens is...""

XVI. Read text C 3.1
TEXT C3.1

PRISMS: COLOUR COMPONENTS

"In the early 1600s, missionary reports from Asia indicated that
prisms were well known and highly valued in China because of their
ability to generate colour. But it was left to Sir Isaac Newton to
explain that, despite popular belief, the prism did not create the
colours but only made visible the components of white light through
the process of dispersion.

Each colour of the spectrum has a different frequency and its
own index of refraction. As incident white light enters a solid, each of
its component wavelengths is bent according to the index of refraction
of the solid. But this refractive index is also wavelength-dependent,
causing the shorter wavelengths (those with a higher refractive index,
such as blue) to bend more than those with a lower refractive index
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(such as red). The colours emerging from the prism thus travel
independent paths and appear in the order of increasing wavelength.

Prisms are also used to redirect light by refraction or internal
reflection. The amount a ray is bent depends on the apex angle of the
prism, the angle of incidence of light, and the refractive index of the
prism material. When a ray strikes the entrance face of the prism, it is
refracted towards the normal. As the ray continues through the prism
and strikes the outside wall and emerges into air, it is further refracted,
following Snell's Law. The ray is bent away from the normal because
air has a lower refractive index, allowing the wavelength to resume its
normal speed. The angular difference between the ray's original path
and its new direction is called the angular deviation. The greater the
refractive index, the greater the deviation. The deviation is the least
when the ray passes symmetrically through the prism.

By themselves, prisms are incapable of forming real images. If
an imaging optics is not present in the system, the emerging image
will be virtual. It will have the same orientation as the real image, but
it can be seen only looking back through the prism."[3]

XVII. TranslatetextC3.1.Usethefollowingphrases:

Koaddunment npenomienus; naucrepcus; € yMEHBIICHUEM
JUIMH BOJIH, OTPa)XEHHE CBETAa, YIJIOBOE OTKIOHCHHE, pealbHOe
n300pakeHne; IPOXOIUTh Yepe3 MPH3MY.

XVIII. Retell text C3.1.Use the following phrases:

It is well-known that...; I'd like to say...; may be called...; |
would advise to call your attention to ...; it is interesting that ...; |
should say that ...
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PART 1

I. Mind the pronunciation of the following words:

absorption
accomplish

cycle
determine
drop

excess
excite
flashlamp

further

gain
generate
holdoff

however

inversion

lattice
level
occur

ob'zo’pf(9)n]

[o'kompl1f]

['sazkl]
[d1't3’miIn]
[drop]

[1k'ses]
[1k'sart]
[fleflzemp]

[f3°35]

[ge1n]
['dzen(o)rert]
[hauldof]

hau'evo]
[1n'v3’[(9)n]
['leetrs]

[lev(o)l]
[o'k3’]

TMIOTJIONICHHE; BIIUTHIBAHNUE;
abcopOrus

COBeEpIIaTh; BBIIOJIHATH,
JOCTUTATh; 3aBEpPIIATh
UK

OIIPEACIATh; YCTaHABIMBATh

[afaTh, CHIKATHCS,
IMOHIKATECS
M30BITOK, U3JIHIIEK

BO30YKJIaTh

AMIYJIbCHAS JIAMIIa; JTaMIIa-
BCIIBIIIIKA

Janee; 3aTeM; 0ojee Toro,
KpOME TOTO

yCHIICHUE

TeHepUPOBAaTh; BEIPA0ATHIBAThH
YACPKUBATh; JIePKATh;
3aJIepIKUBATh

OJIHAaKO; TeM HE MEHee;
HecMoTpst Ha (9)TO

UHBEpcUs; 00paTHOE
npeobpazoBaHme
peleTka

YPOBEHbB, CTYIICHb
CITy4aThCs; TPOUCXOIHUTE,
IoTa1aTh
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produce

pulse
pump
quality
quantity
relax

release

require
responsible
return

rod

ruby
shutter
solid

store

surrender

surround
terminate

therefore
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[‘popjo'lerf(o)n] HamomHeHHOCTH; CTENEHD

['prodju’s]

[pAls]

[pPAmp]
['kwolot1]

['kwontot1]
[r1'lzeks]

[rr'li’s]

[rr'’kwaro
[r1'spon(t)sabl]
[r1't3’n]

[rad]

['ru’b1]

[fate]

['sol1d]

[sto’]

[sa'rends]

[sa'raund]
[t3’minert]

[0eafa’]

3aIOJIHEHMS, 3aCEICHHOCTD
(sHEpreTHUECKUX ypOBHELL)

MIPOU3BOJINTD; BEIPAOATHIBATH
CO03/1aBaTh

HUMILYJIbC

HakKa4YnBaThb

Ka4ecTBO; JOOPOTHOCTh
KOJIMYECTBO; U3MepsieMasi BeTHYNHA
peTaKcupoBaTh; OCIA0IATH
paccrabnarh; 1eopMUpPOBATHCS
OCBOOOKIATh; BBIYCKATh;
cOpachIBaTh

TpeOOBaThH

00y CJIOBIMBAIOLINI; OTBETCTBEHHBIN
BO3BpAIATh, OTAABATh; IOBTOPATHCS
CTEepKEHb

pyOuH

3aTBOP

TBEPJbIii; TBEPIOTENbHBIN

1. 3amac; peseps

2. cHa0YKaTh, HAIIOJIHATE, 3aI1acaTh,
XPaHUTh

YCTYNAaTh; MOTINHATHCA,

IOJI/1aBaThCs

OKpYKaTh

CTaBUTH MPEACII; MOJOKUTh

KOHeII, 3aBepiiarh(cs); orpa
HUYHUBATH; IPEPHIBATH
HI03TOMY; CJIEIOBATEILHO
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weight [wert] BEC; Macca
whole [haul] LEITBIN; BECH

I1. Readandtranslatethefollowingphrases:

quitesure potassiumandcesiumvapour
solid crystals of rare-earth salts laser from ruby crystal

in nearly every state of matter an "edible" laser out of gelatin
the gain medium a solid at room temperature
first excited to higher energy states  excess energy

to relax from their excited states the surrounding crystal lattice
finally drop back to the ground state to achieve population inversion
the lowest metastable level stimulated emission

to start the process all over again the right optical conditions

two closely spaced metastable energy levels
whole cycle of excitation and relaxation

I11. Read and guess the meaning of these words:

action ['eek[(a)n] moment  ['moaumant]
condition [kon'd1f(s)n]  orbital ['2’b1t(o)l]
cycle ['sazkl] population [‘papje'lerf(a)n]
gelatin  ['dzelotIn] process  ['prouses]

giant ['dzaisnt] publish  ['pAblif]

laser [le1za] relaxation [‘ri’lek'se1f(a)n]

theoretical [01o'ret1k(a)l]

LOOK, READ, REMEMBER!

- al
Noun + al = Adj.
mechanic + al = mechanical
classic + al = classical
nation + al = national
theoretics + al = theoretical

optics + al = optical
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IV.a) Make up and write adjectives from the nouns:

orbit - type -
commerce - asymmetry -
thermae- vibration -

b) Fill in the blanks with suitable words and write the
following sentences:

By 2001, the $50M market for plastic ... (optics/optical) fiber
(POF) will reach $264M as applications for illumination system
multiply. POF has found acceptance in applications involving
displays, ... (industry/industrial) control and medical system. POF
used in applications such as automotive ... (centre/central) lighting,
automotive date transmission, military and telecommunications.

GRAMMAR  REVIEW
CONDITIONAL SENTENCES
I If the device is OK, we shall continue our work.
Ecnu npubop 6yoem 6 nopaoke, Mbl BPOOOIHCUM HAULY Padom

Il If the device was OK, we should continue our work.
Ecnu 6wt npubop o6vi1 6 nopaoke, mvt 0bl BPOOOAIHCUTU
pabomy.

Il If the device had been OKyesterday, we should have
continued our work. Eciiu 6vt npuéop 6v11 6 nopsioke euepa, mvl oot
npoodondcunu pabomy.

V. Translate and write the following sentences:

1. Ecnu ObI OH He cliefoBall COBETaM IpenojaBartess, OH He cemal
Obl 3Ty paboTy Tak ObICTpo. 2. Bbl OBl 3HANW AHTIUHCKUHN S3BIK
XOPOIIO, ecy OBl PETYISIPHO 3aHUMAIIUCH. 3. DTOT MpUOOp padoran
Obl nmyumie, ecau Obl ero mpaBWibHO HacTpownu. 4. Ecnm Hac He
OTIPaBAT Ha KOH(EPEHLHUIO Ha CIEAYIOMIeH Hexaene, Mbl 3aKOHYHM
pabory BoBpems. 5. Ecnu Obl MBI 3HanH, 4TO BBl OBUTM B HalleMm
WHCTUTYTE, MBI OBl 00s13aTeILHO BCTpEeTWINCh. 6. Eciii OHA MO3BOHUT
YTpOM, MBI JIOTOBOpUMCS O BcTpeue. 7. Ecmum Ol He ObUIO
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mpe3eHTanuu 3TOW (UPMBI, MBI OBl HE TOIYYWIA HEOOXOIUMYIO
rH(OpPMAIIHIO.

VI. Learn to read the words:

[n] know, knee, knit, knack, knock, knowledge

[au] out, round, tower, surround, however

[er] table, laser, metastable, state, terminate, population,

generate
VII. Read and translate the text A 4.1.
TEXT A41
SOLID- STATE LASERS. RUBY LASERS.

"When Arthur Schawlow and Charles Townes published their
famous theoretical paper "Infrared and Optical Masers" in  The
Physical Review in 1958, no one was quite sure what form the first
laser would take. In their paper, Schawlow and Townes had suggested
that potassium and cesium vapour, or even solid crystals of rare-earth
salts, might emit laser light if they were first irradiated with intense
light of just the right wavelength, a scheme now known as optical
pumping. But as fate would have it, Theodore Maiman constructed the
world's first laser from ruby crystal - a material that Schawlow had
said wouldn't work.

Since that first ruby laser, researchers have discovered laser
action in thousands of substances and in nearly every state of matter.
In fact, Schawlow and others once created an "edible" laser out of
gelatin.

It is common knowledge that solid-state lasers include all
optically pumped lasers in which the gain medium is a solid at room
temperature. In solid-state laser materials, the atoms responsible for
gene-rating laser light are first excited to higher energy states through
the absorption of photons, and the way in which these atoms relax
from their excited states determines the quality and quantity of laser
light produced.
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For example, when the chromium (Cr) atoms in a ruby crystal
absorb photons of blue or green light from a xenon flashlamp, some of
the orbiting electrons jump from their ground-state orbitals
immediately surrender some of their excess energy to the surrounding
crystal lattice, dropping them into one of two closely spaced
metastable ene-rgy levels. If the electrons linger at these metastable
levels long enough to achieve population inversion, stimulated
emission will occur when the electrons finally drop back to the ground
state from the lowest metastable level.

The final radiative electron transition from the lowest metastable
level to the ground state of chromium represents an energy drop of
1.79eV, generating ruby light with a wavelength of 694.3 nm. When
the electrons return to their ground state, further absorption of blue
and green photons can start the process all over again.

Because the whole cycle of excitation and relaxation in the
chromium atom generally involves transitions between three electron
energy levels, ruby is defined as a three-level laser material. Such
materials make relatively inefficient lasers because the laser transition
terminates in the ground state; therefore, a large number of electrons
must be pumped out of the ground state to achieve population
inversion. The high energy required for population inversion in ruby
also makes continuous-wave (CW) laser operation very difficult to
accomplish.

Once population inversion is reached, however, a large amount
of energy can be stored in a ruby crystal. For instance, a 1x10-cm ruby
rod doped with 0.05% chromium by weight can store about 17 J of
energy when the entire population of chromium atoms is inverted.
And under the right optical conditions, some of the stored energy can
be released in a single, high-power laser pulse. One of the most
effective ways to accomplish this is to place an electro-optic shutter
(usually a Pockels cell) in the laser cavity to hold off laser action until
the population inversion has peaked. If the shutter (called a Q-switch)
is opened at just the right moment, the laser will emit a giant pulse of
laser light."[4]
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Say why ruby lasers were named solid-state lasers. How do
solid-state lasers generate light?

VIII. Word Study.
to gain - to obtain, to win (especially smth wanted or needed)
topump - cause air, gas, water, etc. to move ( in a specified direc-
tion) by using a pump
to absorb - to take in; to include (smth/smb) as part of itself or
oneself
flashlamp - device that produces brief bright light
accomplish - succeed in doing (smth); complete successfully

IX. a) Give the Russian equivalents of the following
expressions:

It is common knowledge that; optically pumped lasers; room
temperature; from their excited states; ruby crystals absorb photons;
immediately; a metastable energy level; to achieve population
inversion; stimulated emission; to return to their ground state; a three
level material, a continuous-wave laser.

b) Find the equivalents of the following expressions in the text:

TBEPAOTENIbHBIE JIA3€Phl, aKTHUBHAsA CpPe€Aa, IMyTh, II0 KOTOPOMY
peNaKCUpYIOT aTOMBI; TEPEX01 aToMa U3 BO30YKIEHHOTO COCTOSIHHS;
AOCTUTHYTb WHBEPCHUHU HACCJICHHOCTHU, COCEOHAA KpHUCTATLIIMYCCKas
peumIeTKa, BO3BpallaTbCsl B OCHOBHOC COCTOSIHME, ,Z[&JILHGIZIH&IH
abcopOrusi  3eeHBIX (OTOHOB; TOJHBIA [HKI BO3OYXKIEHUS U
penakcauuu; TpEXypOBHEBEIE JIa3€pHbIE MaTEPUAJIbL.

X. Look through the text ""Solid-State Lasers. Ruby Lasers"
again. Read the following statements and if you think they are
wrong correct them.

3. Theodore Maiman constructed the world's first laser from ruby
crystal - a material that Schawlow had said wouldn't work.

4. Schawlow and Townes had never suggested that potassium and
cesium vapour, or even solid crystals of rare-earth salts, might emit

5. laser light.
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6. It is common knowledge that solid-state lasers include all
optically pumped lasers in which the gain medium is a solid at
room temperature.

7. The atoms responsible for generating laser light are third excited to
higher energy states through the absorption of photons.

8. The way in which these atoms relax from their excited states
cannot determine the quality and quantity of laser light produced.

7. All orbiting electrons jump from their ground-state orbitals.

8. When the electrons return to their ground state, further absorption
of blue and green photons cannot start the process all over again.

9. The high energy required for population inversion in ruby also
makes continuous-wave (CW) laser operation very difficult to
accomplish.

XI. Complete the following sentences. Your answers must be

according to the text.

1. Solid-state lasers include all optically pumped lasers in which ...

2. The atoms responsible for generating laser light are ...

3. Some of the orbiting electrons jump from ...

4. If the electrons linger at these metastable levels long enough to
achieve population inversion, stimulated emission ...

5. When the electrons return to their ground state, ...

6. Three-level laser materials make relatively inefficient lasers be-
cause ...

XI1. Answer the following questions:

1. What lasers do we call solid-state lasers?

2. Why do electrons jump from their ground-state orbits?

3. What are metastable energy levels?

4. When will stimulated emission occur?

5. What will happen when the electrons return to their ground state?
Describe the whole cycle of excitation and relaxation in the chro-
mium atom.

XII1. Match the English words on the left with those on the right.
1. quite 1. 3atBODp
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2. suggest 2. TIOTJIOIICHHE

3. researcher 3. mpuHAIeKATH
4, create 4. penakcupoBaTh
5. flashlamp 5. mocrurartb

6. belong 6. cozmaBartb

7. responsible 7. uccnenoBareb
8. absorption 8. ypoBeHb

9. relax 9. BroJyiHe

10. inversion 10. MeTacTaOMIIBHBIH
11. metastable 11. npeamonaraTh
12. achieve 12. unBepcus

13. level 13. namma BCIIBIIKH
14. accomplish 14. oTBeTCTBEHHBII
15. shutter 15. BEINOJTHUTH

XIV. Choose the best equivalents of the words on the left
from the words on the right and write them. (Example:
accomplish — achieve)

1. accomplish  a) make, b) achieve, ¢) do, d) create
2. pump a) accumulate, b) save up, c) gain, d) fill
3. emit a) expire, b) eject, ¢) erupt, d) radiate
4. excitation  a) stimulation, b) excitement, ) agitation,d) emotion
5. require a) ask, b) demand, c) need, d) want
6. metastable  a) intermediate, b) provisional, ¢) temporary,
d) changeable
7. surrender a) obey, b) submit, c) give, d) refuse
8. release a) emit, b) liberate, c) assign, d) drop
9. return a) give back, b) recover, c)come back, d) restore
10. discover  a) take off, b) open, c) create, d) disclose

XV. Define the meaning of the following words (the nouns,
the adjectives or the verbs) in these sentences, translate them:

With the use of fiber-bundled laser diodes, the pumping
intensity distribution can be approximately uniform over the central
portion of the rod. The assumed pump mode radius of 250 u-m is
almost equivalent to the half-width at half-maximum of the real pump
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mode (spot) radius of 365 u-m corresponding to half-width at 1/e2
maximum, from which we expect a good approximation. Efficient
reduction in temperature rise in composite rods was confirmed
guantitatively from the experimental results.

XVI. Guess what these words mean:
Terminate; energy; chromium; condition; cavity; peak; producer.

XVII. Translate and write the sentences, using the following
words and phrases:

laser; gain medium; metastable level; atoms relax from their
excited states; the ground state; to achieve population inversion;
stimulated emission.

"B ocHOBe paboThI J1a3epoB JIEKUT CIIOCOOHOCTH BO30YKICHHBIX
aTOMOB IIOJ ﬂeﬁCTBHeM BHCHIHCTO B3JICKTPOMAIHUTHOI'O M3JIYUCHHA
COOTBGTCTByI-OH.[CfI YaCTOThl COBCPHIATH BBIHYXJICHHBIC KBAHTOBLIC
nepexoabl M YCWIMBATL 3TO U3JIIYUCHHC. AKTHBHas cpeaa MOXKET
YCUINBATh nagaromee MH3JIydYCeHUe, CCJIM 4YHUCJIO0 aTOMOB Ha
B036Y)K,£[6HHOM OHCPTCTUYCCKOM YPOBHC IMPCBLIIIACT YHUCJIO ATOMOB
Ha HMXKEPACIIOJIOXKECHHOM YPOBHE, TO €CTh, HAXOAUTCA B COCTOAHUU C
TaK Ha3bIBAEMOIl HHBEPCHUE HACEIIEHHOCTEH.

Jns co3maHus M HOLJEPKaHMUS B AKTHUBHOW cpele HMHBEPCUU
HaceJIeHHOCTEH IMPUMCHAIOTCA CIEIUAJIBHBIE METOABbI, KOTOPLIC
3aBUCAT OT CTPYKTYphl aKTUBHOH cpeabl. B nazepe Ha Kpucrayuie
pyOvMHa WHBEpCcHS HACENEHHOCTEH OCYIIECTBISETCS IOCPEICTBOM
ONITUYECKOW HAaKa4YKH 10 TPEXypPOBHEBOH cxeme."

XVII1I1. Agree or disagree with the ideas given below. Use the
following phrases:

that's right...; that's wrong...; to my mind...; in my opinion...; |
agree with you...; | think so...
1. Ruby is defined as a three-level laser material.
2. Ruby laser materials make relatively efficient lasers.
3. A large number of electrons must be pumped out of the ground state

to achieve population inversion.

4. The high energy required for population inversion in ruby also
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makes continuous-wave (CW) laser operation very difficult to ac-
complish.

5. If the shutter (called a Q-switch) is closed at just the right moment,
the laser will emit a giant pulse of laser light.

XIX. Retell text A4.1 according to the scheme:

The world's first laser from ruby
crystal

Solid-state laser materials |

The chromium (Cr) atoms in a ruby
crystal

How to generate ruby light

| Population inversion in ruby |

XX. Read the dialogue and act it out. Then make up the
dialogues of your own and role play them.

Mrs. Robins: Hello, who's speaking, please?

Helen: This is Helen Stubbs. Can I speak to Kate, please?

Mrs. Robins: Just a minute. Hold on! I'll call her to the phone.

Helen: Thank you so much.

Kate: Hello, Helen! How are you? Why were you absent from
the lectures yesterday?

Helen: | felt ill yesterday.

Kate: What's the matter with you?

Helen: | had a splitting headache. | was feeling sore all over, but
now | am much better. And what did you study last time?

Kate: Prof. Taylor told us about solid-state lasers. He explained
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how they work. There are some kinds of solid-state lasers
but we began to study ruby lasers.

Helen: Why did Mr. Taylor choose ruby lasers?

Kate: Because the world's first laser was constructed from a ruby

crystal.

Helen: | know scientists define them as three-level lasers. Why?

Kate: Ruby is defined as a three-level material because the
whole cycle of excitation and relaxation in the chromium
atomgenerally involves transitions between three electron
energy levels.

Helen: It is known such materials make relatively inefficient
lasers because the laser transition terminates in the ground
state; therefore, a large number of electrons must be
pumped outof the ground state to achieve population
inversion.

Kate:You are right but under the right optical conditions, some
of the stored energy can be released in a single, high-power
laser pulse. One of the most effective ways to accomplish
this is to place an electro-optic shutter (usually a Pockels
cell) in the laser cavity to hold off laser action until the
population inversion has peaked.

Helen: And what about our home task?

Kate: We have to prepare a reports about Russian physicists who
took part into the uses of solid-state lasers or about the
most modern developments in ruby laser application.

Helen:  OK. Thank you. Bye.

Kate: Bye.

XXI. Continue and write the dialogue:

Student A.: What's wrong? Have you got a "two" again?

Student B: Yes, in Optoelectronics. That's my weak point. It
seems terribly difficult to me. My tongue failed me.

Student A:  Were the questions rather tough?

Student A: | can help you. Read my notes and answer what
happens when the chromium atoms in ruby crystal
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absorb photons of blue or green light from a xenon
flashlamp?

XXI1. Choose a partner and talk about some problems which

arise in the test A4.1.

achromatism

XXI111. Write a summary of the text. Limit it to 15 sentences.
PART 2

I.  Mind the pronunciation of the following words:

[o'kroumatiz(e)m]  axpomaTusm; GeCIBETHOCTH

binary ['barnarr]

blaze [ble1z]

blazed [ble1zd]
diamond ['dazomond]
distribute [d1'stribju’t]
finite ['farnart]
precision [pr1‘s13(a)n]
proper ['propa]
replication [‘replr'ke1f(a)n]

JIBOMHOM; CIBOCHHBIM,
OMHAPHBIN

IJ1aMsl; SpKHUM CBET; TOPETh;
CUSITh; OTHLTU(OBATH
oTnuTH()OBaHHBIH

anMa3s; pOMOOBUIHBIN;
aJIMa3HBII

pacrpeaensTh;
KJIacCU(UIUPOBATD
OTrpaHUYECHHBIH

YeTKOCTh, TOYHOCTh
MPUCYLIUI; CBOMCTBEHHBIN;
TOYHBINA, ICTUHHBIN

OTBET; BO3paKCHUE; KOMUS;
PEeTPOAYKIIHS; KOTUPOBAHKE
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roughness ['rAfnas] rpy0OCTb; pe3KOCTh
staircase ['steake1s] JIECTHHIIA; CTYTEHYAThIH
tool [tu’1] peselr; opyane; CTaHOK

I1. Read text B 4.1 and formulate its main idea.
TEXT B4.1
FABRICATION OF DIFFRACTIVE OPTICAL ELEMENTS

"Diffractive optics is a technology that provides new and
exciting degrees of freedom in the design and optimization of optical
systems. Using diffractive optics, one can achromatize optical systems
with a single, economical refractive material such as acrylic plastic or
common crown glass. It helps to create aspheric wavefronts without
aspheric surfaces; eliminate the need for exotic and expensive flint-
type materials; produce high-performance, large-aperture, light-weight
optical components; produce precision micro-optics. One can reduce
the weight, complexity, and cost of a variety of optical systems.

To date, widespread use of diffractive optical elements (DOESs)
has been limited by the effects associated with scattered light.
Scattering associated with DOEs is classified as either structured or
statistical. Structured scattering occurs when light is distributed into
unwanted diffractive orders, while statistical scattering refers to
random scattering caused by surface roughness.

To produce a surface-relief DOE, a precision surface-relief
master element is fabricated and used to create large quantities of
replicas. Tooling costs for surface-relief DOEs are similar to those
found with plastic-injection-molding processes; cost savings are
achieved through replication or molding. With a suitable process, one
can manufacture tens of thousands of elements based on a single
master.

High-quality DOEs are produced by shaping or micromachining
the required surface profile into some substrate material. To achieve
high diffraction efficiency, the edge step at each zone boundary has to
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be extremely sharp and the surface profile within each zone must be
smoothly shaped, or blazed, to avoid statistical scattering. The need
for sharp edges and smooth blazed surfaces places stringent and
somewhat incompatible requirements on the fabrication processes
used to make the surface-relief master.

The primary methods developed to produce the surface-relief
diffractive master are optical and electron-beam (e-beam) lithog-
raphy, single-point laser pattern generation (LPG) and single-point
diamond turning (SPDT). With optical and e-beam lithography, a set
of lithographic masks are used to create a staircase approximation to
the desired surface profile. Elements produced via this multistep
fabrication process are referred to as binary optics because each step
in the process is binary in nature. Limiting factors in the diffraction
efficiency of DOEs produced by the binary optics approach are the
number of steps within each zone and the accuracy of the mask
alignment in each phase of the fabrication process.

Single-point laser pattern generators are capable of production
both binary and continuous blaze surface-relief DOEs. With LPG, a
laser beam focused down to a spot diameter of approximately 0.5 um
is used to expose a thin layer of photoresist. To generate a continuous
blaze structure, the intensity of the laser is varied as the beam is
translated across the surface. The surface-relief pattern obtained when
the photoresist is developed is used to produce a positive or negative
master suitable for the replication process of choice. The surface
finish of parts generated by LPG is excellent. The main limiting in the
diffraction efficiency of these DOEs is the rounding of edges at the
zone boundaries caused by the finite size of the focused Gaussian
laser beam. Peak diffraction efficiencies for these DOEs range
between 93% and 95%.

Single-point diamond turning skirts the rounding issues of LPG
while avoiding the binary nature of lithographic technigques. At
Rochester Photonics Corp., we have been able to use SPDT to realize
the sharp zone boundaries and smooth, continuous blaze surfaces
necessary to achieve high diffraction efficiency with proper tool
design and process control. DOEs produced by this method exhibit
diffraction efficiencies ranging consistently between 97% and 99% at
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the design wavelength, with measured blaze-surface rms roughnesses
of approximately 40 A. To the best of our knowledge, these are the
highest diffraction efficiencies achieved for visible-light DOEs." [8]

I11. a) Give the Russian equivalents of the following
expressions:

Diffractive optics; exciting degrees of freedom; optimization of
optical systems; acrylic plastic or common crown glass; exotic and
expensive flint-type materials; distributed into unwanted diffractive
orders; a precision surface-relief master element; plastic-injection-
molding processes; single-point laser pattern generation; single-point
diamond turning; with proper tool design and process control.

b) Find the equivalents of the following expressions in the
text:

AXpOMaTI/I3M OITUYCCKUX CHCTEM, TOYHAA MHKpOOHTI/IKa;
):LI/I(bp AKIIMOHHBIC OIITHYCCKHEC DJICMCHTBI, QJICKTPOHHO-JTy4YCBas
nmutorpadus; IBOWHOE IydemnpernoMIIeHHEe; MpOoIlecC MPOU3BOICTBA;
kodhduimeHT nudpaknuu;, TpaHWIA pasjena; IuaMmeTp ISATHA;
HpI/I6J'II/IBI/ITeJ'ILHO.

IV. Find a sentence which expresses the main idea of each
paragraph of text B4.1. Entitle each paragraph.

V. Look through text B4.1 and answer the following
questions:

1. Is diffractive optics a technology that provides new and exciting
degrees of freedom in the design and optimization of optical
systems?

2. How can we achromatize optical systems?

3. What helps to create aspheric wavefronts without aspheric

surfaces?

4. Why can one reduce the weight, complexity, and cost of a variety

of optical systems?

5. Tooling costs for surface-relief DOEs are similar to those found

with plastic-injection-molding processes, aren’t they?

6. What are the primary methods developed to produce the surface-

relief diffractive master?
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7. What is the main limiting in the diffraction efficiency of these
DOEs?

8. Are single-point laser pattern generators capable of production
both binary and continuous blase surface-relief DOES?

9. Are these the highest diffraction efficiencies achieved for visible
light DOES?

VI. Find key words (phrases) which express the main idea of
each paragraph of text B4.1. Make up and write the scheme of
text B4.1 using the key words.

VII. Make up and write your questions to text B4.1 that can
be used as a plan. Ask your friends these questions.

VI1I1l. Say what information which you read in the text is new
to you. What information have you ever known?

IX. Complete the following sentences using the text.

. Diffractive optics is ...

. Using diffractive optics, one can achromatize...

. Scattering associated with DOEs is classified as ...

. Structured scattering occurs when light is ...

. High-quality DOEs are produced by ...

. With optical and e-beam lithography, a set of lithographic masks
are used ...

7. Elements produced via this multistep fabrication process are
referred to as ...

. The main limiting in the diffraction efficiency of these DOEs is ...

9. Peak diffraction efficiencies for these DOEs range between ...

OO, WN R

oo

X. Write some sentences about text B4.1. Use the following
conversation phrases: | think it is right because ...; | think it is
important ...; It is interesting to know ...

XI. Using the material of the text above, write main points
according to the questions (V11).
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XII. Agree or disagree with the ideas given below. Use the
following phrases:
You see ...; as for me...; in my opinion...; | can say that...; I think

SO...

1. Diffractive optics is a part of optical systems.

2. Structured scattering occurs when light is distributed into unwanted
diffractive orders, while statistical scattering refers to random
scattering caused by surface roughness.

3. Scattering associated with DOEs cannot be classified as either

structured or statistical.

4. Cost savings aren’t achieved through replication or molding.

5. To achieve high diffraction efficiency, the edge step at each zone

boundary hasn’t to be extremely sharp.

6. The surface profile within each zone must be smoothly shaped, or

blazed, to avoid statistical scattering.

7. Single-point laser pattern generators are capable of production both

binary and continuous blase surface-relief DOEs.

8. DOEs produced by this method exhibit diffraction efficiencies

ranging consistently between 87% and 89% at the design wave-

length.

XI11. Choose a partner and talk about some problems which
arise in text B4.1. Use conversation phrases.

For example:  A: What is the main idea of ...?
B: It is known ...
C: Well, you are right. But a lot of problems arise ...

XIV. Prepare the report on the theme connected with text B4.1.

XV. Write translation of the paragraph which begins ** The
primary methods developed to produce ...”
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XVI. Read text C 4.1
TEXT C4.1

NONLINEAR OPTICAL MATERIALS

"Nonlinear optical (NLO) materials can significantly
enhance laser performance by enabling wavelength shitting and
tunability over a broad spectral range. Technical progress has been
made in developing several crystals that together cover the spectral
range from mid-ultraviolet to the far-infrared. Systems incorporating
zinc germanium phosphide, for example, have already demonstrated
tunability over much of the mid-infrared atmospheric window, with an
average power of approximately 3.5 W. Significant improvements
have also been made in extending the transparency range and
improving the laser-damage resistance of the potassium titanyl
phosphate (KTP) family of compounds.

Some of the multitude of applications requiring use of NLO
elements in laser systems include military infrared countermeasures,
environmental monitoring by differential absorption laser radar
operation in the 2- to 14-mkm wavelength range, windshear detection,
medical diagnosis and treatment, materials processing, scientific
instruments, optical communications, low-light imaging, atmospheric
aberration compensation for astronomy and satellite tracking, scene
projector, optical signal processing, data storage, underwater
communications and imaging, and remote identification of biological
materials. However, available nonlinear optical materials have been
unsatisfactory for many applications due to small nonlinearities, poor
optical clarity, small thermal conductivities, difficulty in processing
into devices, and other factors."[8]

XVII. Transla tetext C 4.1. Use the following phrases:

HenuHelinbie onTUYeCKUE 3JEMEHTHI; Ja3epbl, padoTaroliue B
BHJIMMOM JIMAIa30HE CIEKTPa; HEKOTOPHIC MPUMEHEHUs TPEOYIOT ...;
HE YJOBJICTBOPATh HEKOTOPHIM TPeOOBAHUSAM; Pa3BUTHE HEKOTOPBIX
KPUCTAJLJIOB, MaJlasi TEIIONPOBOAUMOCTb.
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profound

krypton

[pra'faund]

['kripton]

PA3JIEJI I1:
OIITOSAEKTPOHUKA. JIAZEPBI
UNIT 1.2
PART 1
I. Read and learn the following words, mind their
pronunciation:
simplify ['simplifai] yIpoIaTh
diagram ['daiagraem] JqUarpaMmma
loiter ['loite] MEJUIUTh; OTCTaBaTh
terminal ["to:minl] 1. 3aK/IIOYNTENBHBIH,
KOHEUHBIH,

2. IepUOANYECKHN
detour ['di:tua] 00X01; OKOJIBHBIH ITyTh
criterion [kri'terion] KpHUTEPHiA
mode [maud] MOJIa; THII KOJeOaHms
amorphous [a'mo:fas] 6echopMeHHBIN;

aMOPQHBI;

HCKpI/ICTaJ'IJ'II/I"IeCKI/Iﬁ
threshold ['6rehauld] MOPOT; HAYAJIO
attainable [o'tenabl] JTOCTHKAMBIH
uniquely Ju:'mkh] YHHUKaJIBLHO
fluorescence  [flud'resns] CBEUYCHHUE;

dbmyopecrieHIus
garnet [go:nit] rpaHar
neodymium [nizou'dimiam] HEOUM
excess [1k'ses] HU30BITOK
approximately [&'proksimitli] NpUOIU3NUTETBHO;

MPHUOIMKEHHO; TTOYTH

1. rmyGoxwuii;
OCHOBATEJILHEBIN,

2. TIOJIHBII;, a0COJIFOTHBIN
KPHUIITOH
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behave [brhev] 1. mocTynars, BecTu ceds;
2. paborats (0 mpubdope)
incorporate [In'ko:pant] COEIMHEHHBIN;
00bEIMHEHHBIN,
Hepas3JeabHbIN
shift [hft] H3MEHEHNE,;
MepeMeIeH e, CIBUT
broaden ['bro:dn] pactmpsTh(cs)
facilitate [fa'siliteit] YIPOIIAaTh;00Jeryars,

COJICICTBOBATH; IPOABUTATh
birefringence  [bire'frindzens] aBoitHoe nyuenperomieHue

birefringent [bire'frindzent] aBosikonpenomMitsOIINi

orthogonal [0:'60ganl] OpTOTaHAIBHBIN;
MPSIMOYTOJIbHBIN;
MePIEHANKYIAPHBIA

codope [kau'daup] BKparuieHue

species ['spi:h:z] BUJI; POJI; TIOpoJa

transfer ['treensfa] TiepeMelleHIE; Iepeiada

rare-earth [red'a:0] penKo3eMeNbHBII

assortment [0'so:tment] ACCOPTHUMEHT; COPTHPOBKA

vibronic [var'bronik] BHOPOHHUKOBBIH

affect [o'fekt] 1. IpUTBOPATECS; JeIaTh BUL;
2. TFOOWTH; IPEINOYNTATh

vibrational [varbreihl]  BuGparmonHsIit

key [ki:] KITFOT

employ [im'ploi] ciyx0a; pabora

I1. Read and translate the following phrases:

higher pumping efficiencies four-level laser media

all solid-state laser materials with this scheme

to be excited to higher energy states orthogonal polarisation
the absorption of near-IR photons as with ruby

their excess energy to the crystal lattice  instead of
a short-lived intermediate energy levelkrypton arc lamps
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the strong absorption lines of Nd:YAG  host materials

an amorphous substance line of neodymium shiftsin
order to achieve population uniquely birefringent

one atomic species is transferred in the past two years

to the other significantly

both the lasing threshold and energy-storage capacity
the development of more-robustnontoxic optical fibers

I11. Read and guess the meaning of these words:

balance ['beelons] medicine ['medsin]
elastic [1'leestik] scheme  [ski:m]
molecular [mau’lekjuls]  polarisation [paularar'zein]
approximate  [¢'proksimit]  mechanical [mi'keaenikal]
cube [kju:b] ideal [ar'dial]

filter ['filta] concentration [konsan'trei n]
substrate ['sab'stra:ts]  factor ['feekta]
examine [19'zeemin] photocopy ['fauteukopi]

configuration  [kenfigju'rei Jon] camera ['kemora]
proportion [pra'po: fon] disk [disk]
harmonic [ha:'monik] scanning ['skeenim]

IV. Read the words:

[&] gas, factor, match, transfer, diagram, examine

[6] three, both, through, thulium, threshold, ophthalmology

[0] the, this, these, that, they, them, then, with, furthermore,
therefore

V. Word Study.

to release — to set free or liberate sb/sth; to remove (sth) from a fixed
position; to cause (sth) to move freely

to loiter - to stand about idly; to go slowly, with frequent stops

terminal - of the last stage in a fatal disease; forming or situated at the
end or boundary of sth
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unique - being the only one of its type

tissue - mass of cells forming the body of an animal or a plant

precise - stated clearly and accurately

to appropriate — to take (sth) for one’s own use, especially without
permission or illegally

collateral - side by side; parallel; connected but less important

robust - vigorous; healthy and strong

reliable - consistently good in quality or performance, and so
deserving trust; dependable

LOOK, READ, REMEMBER!

ir-

dis- negative meaning of the Noun

mis-

co- + NOUN = together, jointly with somebody

counter- in the opposite direction,
contrary to something

sub- under, below, lower in rank
not quite

re- things which are made again

V1. Using prefixes mis-, co-, conter- sub, re-, dis- make up
and write new words (check yorself using a dictionary), translate
these words:

charge - ; cover-; level -; strate - ;  ordination -;
generation - ;  poise-; point-; proof-; flex-;
flection - ; trust - ;  habitation -;  incidence - ; routine - .
un-
in-  + adj = negative meaning of the Adj

dis-
im-
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Using prefixes in-, im-, un-, dis- make up and write
adjectives of the opposite meaning (check yourself using a
dictionary) :
possible - ; modest - ; temperate - ; pleasant - ;  maculate - ; fair - ;
honest -.

VII. Translate the following sentences.Define the meaning of
the words which are put in italics (the nouns, the adjectives or the
verbs).

At room temperature the dark current is dominated by bulk
leakage rather than such mechanisms as mismatch dislocation or
surface leakage. This mismatch does not contribute significantly to
the reverse dark current. Unlike lead sulphide and lead selenide
photoconductors, the heterojunction detectors operate in the
photovoltaic mode, providing improved noise performance with high
stability and fast response. lons of the desired impurity are generated
selectively by irradiating the sample with finelytuneable laser
radiation of narrow bandwidth. In medicine, it can be used for the
detection of trace elements and elements such as manganese,
molybdenum and nickel that cause metabolicdisorders.

2) Find and write the words which have different prefixes
(for example, mis-, dis-, im- and etc.). Write words of the opposite
meaning (check yorself using a dictionary).

GRAMMAR  REVIEW

THE PERFECT FORMS

The Present Perfect Tense:

ThePresentPerfect ucrmonb3yercs ans BbIpaXeHUs IeHCTBHSA,
MPOUCXOAUBHICTO JO HACTOALIECTO MOMCHTA M YIKC 3aBCPUHICHHOI'O K
9TOMY MOMCHTY. CBSI3I) )ICI\/'ICTBI/Iﬂ C HaCTOHIIleP'I CHTyaHHefI
BBIPAXKACTCA YKAa3aHUCM Ha MCPUOJ BPEMCHH B HACTOALICM, KOTOpBIfI
eme He 3akonueH: thismorning (evening, afternoon, week, month,
year, century), today.
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I | have just done my work today.

You We haven’t watched this film yet.
They' have + Participle I1Have they been to Paris this month?
We We have already known him since
1975.

He He has lived here for 5 years.
She  has + Participle Il She hasn’t drunk coffee this morning.
It Has the train arrived this evening?

ThePastPerfectTense:

ThePastPerfectTense ymorpebnsieTcst A5 BRIpaKeHHsI ICHCTBHS,
3aBCPIIMBIICTOCA 1O Kakoro-imoo MOMEHTa WU Apyroro ﬂeﬁCTBHH B
IIpONIIJIOM.

I (she, it, they, you, we, he) had + Participle Il

I had done my work today, when he came.
She hadn’t done her work by 4 o’clock yesterday.

TheFuturePerfectTense:

TheFuturePerfectTense  ymorpeGmsiercss A BBIpaXKEHUSI
I[eﬁCTBHH, KOTOPOC 6y,Z[6T NpoOUCXOAUTh A0 ONPCACICHHOI0O MOMCHTA
WM JAPYTOTO JEUCTBUSA B OYAYIIEeM M 3aBEPIIATCS WM MPEKPATHUTCS
0 HETO.

I (we) shall have + Participle 11 | shall have read the book when he

call me.
He will have + Participle Il Will you have finished your work by 7
(she,it,they,you) o’clock tomorrow

VIII. Put the verbs in brackets into the correct tense, using
the future, present, or past perfect.

1. We (take) our exam by 12 o’clock tomorrow. 2. Who (write)
the papers by the end of the last term? 3. He (study) English for five
years. 4. Our professor never (be) to London. 5. When he (come) back
yesterday they already (finish) to repair the device. 6. My friend (not,
solve) the problem yet. 7. Mr. Green (know) that man before he
(begin) to work at the University.
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IX. Read and translate text A 1.2.

TEXT Al2
SOLID-STATE LASERS. NEODYMIUM LASERS

"Higher pumping efficiencies can be obtained from four-level
laser media. This can be illustrated by examining a simplified four-
level energy diagram of Nd:YAG (neodymium-doped yttrium
aluminium garnet) - the most successful of all solid-state laser
materials.

In Nd:YAG, electrons of the active element neodymium are
excited to higher energy states by the absorption of near-IR photons
having wavelengths around 0.73 and 0.8 mkm. As with ruby, the
electrons quickly release some of their excess energy to the crystal
lattice, placing them in a lower-energy metastable level. The electrons
loiter here for approximately 230 mks, but instead of returning
directly to the ground state from the metastable level they drop first to
a short-lived intermediate energy level (terminal level) and then to the
ground state.

The detour has a profound effect on the pumping efficiency of
the material because large numbers of electrons no longer have to be
raised from the ground state in order to achieve population. The only
criterion is that more electrons populate the metastable level than
terminal level.

Rods of Nd:YAG cannot store nearly as much energy as ruby
can, but they can operate in either pulsed (Q-switched) or CW
(continuous wave) mode. Optical pumping is usually accomplished
with krypton arc lamps because the near-IR emission lines of krypton
gas are a good match for the strong absorption lines of Nd:YAG.

Neodymium behaves very differently in host materials other
than YAG. When incorporated into an amorphous substance such as
phosphate glass, for example, the 1.064-mkm laser line of
neodymium shifts to 1.053 mkm and broadens by as much as 60
times that of YAG. The wider emission line raises both the lasing
threshold and energy-storage capacity of Nd:glass lasers, while
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correspondingly wider absorption lines facilitate flashlamp pumping.
All of these factors, as well as the higher attainable concentrations of
neodymium in glass hosts, make Nd:glass lasers ideal for high-power,
pulsed operation. However, Nd:glass lasers cannot be run CW.

Other useful host materials for neodymium include YLF
(yttrium lithium fluoride), GSGG (gadolinium scandium gallium
garnet) and YALO (yttrium aluminate). When doped with
neodymium, these crystals display a variety of optical, mechanical,
thermal and stimulated-emission qualities. For example, Nd:YLF can
be run both CW and pulsed, like Nd:YAG, but the optical quality of
the beam is better than Nd:YAG. Nd:YLF also is uniquely
birefringent, leading to the emission of two laser beams with different
wavelengths (1.047 and 1.053 mkm) and orthogonal polarizations.

Host materials can even be codoped with two active elements to
improve pumping efficiency. With this scheme, the energy absorbed
by one atomic species is transferred to the other. If, for example,
GSGG is codoped with chromium and neodymium (Cr, Nd:GSGGQG)
and pumped with a xenon flashlamp, the chromium atoms will absorb
the blue and green light from the lamp (just as in ruby) and transfer
the absorbed energy to the Nd atoms through red-shifted fluorescence.
This particular system is three times more efficient than a flashlamp-
pumped Nd:YAG laser.

Materials doped with rare-earth elements other than neodymium,
such as erbium, thulium, and holmium, have led to a diverse
assortment of solid-state laser like Er:glass: Er:YAG: Tm:YAG;
Tm:YLF; Ho. Some of these lasers have found applications in
communications and medicine.

For example, in the past two years, the development of more-
robust, nontoxic optical fibers and improvements in fiber-delivery
mechanisms have contributed to the medical community's interest in
the erbium laser. Improvements in laser design also have spurred the
advancement of certain erbium-laser applications. Clinical Er:YAG
laser products typically had a maximum pulse rate of 10 Hz; current
products can be operated at pulse rates of up to 30 Hz, significantly
improving their utility for cutting and other small-treatment-spot
applications.” [4, 9]
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X. Match the English words on the left with their Russian
equivalents:

1. absorption 1. payopecuenuus

2. release 2. OCHOBHOM MaTepHai

3. excess 3. copTUpOBKa

4. intermediate 4. ocBOOOXKIaTh

5. profound 5. mekapcTBO

6. more-robust 6. TOTJIOIEHUE

7. nontoxic 7. Gosiee CUITbHBIN

8. contribute 8. IBOIHOE JTyYenpeOMICHHE
9. assortment 9. rmy0OoKHii, OCHOBATEIbHBIH
10. medicine 10. HETOKCHYHBII

11. species 11. comelicTBOBATH

12. variety 12. u30BITOK, U3IUIIEK

13. host material 13. pox, Bux

14. birefringence 14. npoMexyTOUYHBIH

15. fluorescence 15. pazHoobOpasue

XI. Choose and write the best equivalents for the words on
the left from the words on the right. Example: obtain - get

1. obtain a) increase, b) receive, ¢) devastate, d) get
2. excite a) attract, b) upset, c) stimulate, d) arouse

3. achieve a) lose, b) reach, c) get, d) strive

4. drop a) fall, b) threw, c) bring, d) settle

5. contribute  a) take, b) hold, c) promote, d) assist

6. release a) appropriate, b) free, c) exempt d) clear

7. solve a) decide, b) count, ¢) come out, d) do

8. search a) explore, b) test, ) seek, d) look for

9. involve a) include, b) cover, ¢) draw (into), d) affect
10. claim a) demand, b) expect, ¢) wait, d) require

XIl. Translate the sentences, using the following words and
phrases:

solid-state laser; four-level; host material; can be codoped;
active elements at lower-energy metastable level.
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B TBepmoTenpHBIX Jla3epax aAKTHUBHOM Cpeloll  SBIAIOTCS
ONTUYECKNE MOHOKPHUCTAIIIBI W CTEKJA, COAEp)KalUe MPUMECH
nonos-aktuBaTopoB Cr, Nd, Er. Takue akTuBHBIE Cpeibl pabOTAIOT IO
YETBIPEXYPOBHEBOU CcXeMe. B DHEpreTMUecKnx CHEeKTpax TaKuX Cpen
MEXIy MEeTacTaOMJbHBIM M OCHOBHBIM YPOBHSAMHU HMeEeETCA
MIPOMEXYTOUHBIH pabounii ypoBeHb. DTOT MPOMEXKYTOUHBIN YPOBEHb
pacmoyioKeH HACTOJBKO BBIIE OCHOBHOTO, YTO B YCJIOBHAX
TEPMOJUHAMHYECKOTO PABHOBECHUS €T0 3aCEeIEHHOCTh He3HAYUTENbHA.
Marnasi HacelneHHOCTh TaKOTO YPOBHS 00JierdaeT co3JaHue WHBEPCHH
HACEJIEHHOCTE!. DTO SIBISIETCS OCHOBHBIM MPEUMYILECTBOM aKTHBHBIX
cpel, paboTaroIMX MO YeTHIPEXYPOBHEBON CXEMe.

X1l 1. Give the Russian equivalents of the following
expressions:

the electrons quickly release some of their excess energy; a
short-lived intermediate energy level; a profound effect; in order to
achieve population; either...or; a good match for the strong absorption
lines; the wider emission line; both...and; as well as; doped with
neodymium; can be codoped with two active elements; vibronic laser;
a wider range of frequencies; as a result; broaden into energy bands;
like ruby; oddly; a single red line; the desired frequencies; excellent
mechanical and thermal properties; separate sets of cavity optics; a
frequency-doubled laser; nonlinear optical technigues.

2. Find the equivalents of the following expressions in the
text:

YeThIPEeXypOBHEBAs JIa3epHas cpela; MPOMEKYTOUHBIA paboymii
ypOBeHB; nepexXoauThb U3 OCHOBHOI'O COCTOSIHUA, OCHOBHOH MaTepHan;
aMop(bHoe BCIIECTBO, CIIOCOOHOCT, K  HaKOIUIEHUIO 3HepFI/II/I;
BBIHYKIECHHOC I/I3J'Iy‘ICHI/IC; OIITUYECCKOC Ka4yeCTBO nyqa;
TBOSIKOTIPEIOMIISTFOIIAN;  YBeTHMYUTh  d()(PEKTHBHOCTP  HAaKadKH;
nepeaaya SHEPTUHU TMOTJIOIIEHN, PEAKO3EMEIIBHBIC 3JIEMEHTHI,
JIMCKpETHAd MJIMHA BOJIHBI; KIIOYEBON SHEPreTUUECKUN YPOBEHD;
BUAMMAsT 1O0JIOCa TMOTJIOLICHUA; HAKOIIUTHh OOJIBIIIOE KOJUYECTBO
SHEPIHMM HAaKauK{; TPEXypOBHEBAas MOJA; IOJHBIM CIEKTPAIbHBII
JIMara3oH; 3JEKTPOONTUYECKUN HCTOYHUK CBETA.
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XIV. Look through the text again. Read the following
statements. Compare your version and if you think they are
wrong correct them.

1. Higher pumping efficiencies can be obtained from only three-level
laser media.

2. Ruby is the most successful of all solid-state laser materials.

3. In Nd:YAG, electrons of the active element neodymium are excited
to higher energy states by the absorption of near-IR photons having

wavelengths around 0.73 and 0.8 mkm.

4. The electrons quickly release some of their excess energy to the

crystal lattice, placing them in a lower-energy metastable level.

5. Host materials cannot be codoped with two active elements to
improve pumping efficiency.

6. Electrons drop first to a short-lived intermediate energy level
(terminal level) and then to the ground state.

7. Nd:YLF can be run both CW and pulsed, like Nd:YAG, but the
optical quality of the beam is better than Nd:YAG.

8. The chromium atoms will not absorb the blue and green light from
the lamp (just as in ruby) and cannot transfer the absorbed energy
to the Nd atoms through red-shifted fluorescence.

9. The energy absorbed by one atomic species is transferred to the other.

10. The development of more-robust, nontoxic optical fibers and

improvements in fiber-delivery mechanisms have contributed to
the medical community's interest in the thulium laser.

XV. Complete the following sentences.
. Higher pumping efficiencies can be obtained ...
. Electrons of the active element neodymium are excited to ...
. The electrons quickly release ...
. They drop first to a short-lived intermediate energy level and the...
. Rods of Nd:YAG cannot store ...
. The wider emission line raises both ...
. Host materials can even be codoped with ...
. Neodymium behaves very differently in ...
. Other useful host materials for neodymium include ...
0. The detour has a profound effect on ...

P OO ~NOoO U WNEF o
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5.
6.
7.

8.
9.
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XVI. Answer the following questions.

. How can higher pumping efficiencies be obtained?
. Do the electrons quickly release some of their energy to the crystal

lattice?

. How do the electrons get to the ground state?
. Why does the detour have a profound effect on the pumping

efficiency of the material?

What does the wider emission line raise? Why?

Can host materials be codoped with two active elements?

Have materials doped with rare-earth elements led to a diverse
assortment of solid-state laser?

The electrons loiter here for approximately 230 mks, aren’t they?
What lasers typically had a maximum pulse rate of 10 Hz?

10. Why cannot rods of Nd:YAG store nearly as much energy as ruby
can?

XVII. Agree or disagree with the ideas given below. Use the

following phrases:

that's right...; that's wrong...; to my mind...; in my opinion...; |

agree with you...; I think so...

1.

w

~

Higher pumping efficiencies can be obtained from four-level laser
media.

. The electrons quickly absorpd some of their excess energy to the

crystal lattice, placing them in a lower-energy metastable level.

. The electrons loiter here for approximately 230 mks.
. There is no material doped with rare-earth elements other than

neodymium.

. Host materials can even be codoped with two active elements to

improve pumping efficiency.

. The only criterion is that more electrons populate the metastable

level than terminal level.

. Rods of Nd:YAG can store nearly as much energy as ruby can.
. Rods of Nd:YAG can operate in either pulsed (Q-switched) or CW

(continuous wave) mode.
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9. Some of lasers like Er:glass: Er:YAG: Tm:YAG; Tm:YLF; Ho,
Tm:YAG have found applications in communications and

medicine.
10. Nd:glass lasers can be run CW.

XVIII. Retell text Al.2 according to the scheme:

Four-level laser media

Nd:YAG is the most successful solid-state laser material
i
A profound effect on the pumping
efficiency of the material
I
Rods of Nd:YAGcan operate in either
pulsed (Q-switched) or CW mode

I
Neodymium behaves very differently in
host materials other than YAG

Other useful host materials for neodymium

Two active elements to improve pumping
efficiency

Materials doped with rare-earth elements

Their applications
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XIX. Read the dialogue and act it out.

Martin: We are going to exhibit a sample of our new kind of
Nd:YAG at the Trade Fair next month in Germany.

Jack: Next month? A Trade Fair in Germany? You move faster
than | do.

Martin: Don’t worry. Our stands have already been booked. We
got everything ready on time. But it is necessary to place
advertisements in the Trade Fair catalogue. Do you think you could do
it, Jack?

Jack: Certainly, I’m sure!

Martin: And 1I’d like you to come to the board meeting next
Tuesday.

Jack: OK. Bye.

Martin: Bye.

XX. Complete the dialogue:

Mr. Barner: Dear Mr. Bannet, where can we find the full range
of goods of your company?

Mr. Bennet: Recently we have published the newest company’s
catalogue.

Mr. Barner: We are interested in it.

Mr. Barner: We should be pleased to receive your illustrated
catalogue and price-list of new kinds of lasers.
XXI. Choose a partner and talk about neodymium behaviour

in host materials other than YAG.

XXII. Write a summary of the text in no more than 10
sentences.
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PART 2

I. Read text B 1.2 and formulate its main idea.
TEXTB1.2
VIBRONIC LASERS

“All of the solid-state lasers mentioned so far emit light at
relatively discrete wavelengths, such as 694.3 nm for ruby or 1.064
mkm for Nd:YAG. But there is another important class of solid-state
lasers - vibronic lasers - that emit light with a wider range of
frequencies.

In these lasers, the electronic energy states of the active element
are strongly affected by the vibrational energy states of the
surrounding atoms in crystal lattice. As a result, key energy levels of
the active atom broaden into energy bands.

The first commercially successful vibronic laser, alexandrite
(Cr:chrysoberyl), has visible absorption bands in the blue and red
spectral regions. Therefore it can be pumped by xenon flashlamps or
red diode lasers. Like ruby, alexandrite can store large amounts of
pump energy for high-power, pulsed operation; but unlike ruby, also
can run CW.

Oddly, alexandrite can function as a three-level or four-level
laser. In the three-level mode, the output is a single red line at 680.4
nm, but in the four-level condition alexandrite becomes a vibronic
laser with an output in the 700 - to 830-nm range at room temperature.
Wavelength-selective cavity optics is usually employed to single out
the desired frequencies.

The most commercially successful of all vibronic lasers,
however, is Ti:sapphire. Its popularity can be attributed to a very
broad spectral output (670-1070 nm) and excellent mechanical and
thermal properties. Ti:sapphire also has high gain and can be run
either CW or pulsed. However, separate sets of cavity optics must be
used to tune over the entire spectral range.
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The primary absorption band of Ti:sapphire is centred in the
blue-green portion of the spectrum around 490 nm, but the short-lived
metastable state (3.2 mks) makes flashlamp pumping very inefficient.
For CW operation, then, Ti:sapphire is usually pumped with an argon-
ion or metal-vapour laser. Pulsed pumping is typically done with a
frequency-doubled Nd:YAG or Nd:YLF laser.

Non-linear optical techniques such as frequency doubling are
regularly used to expand the spectral reach of all solid-state lasers,
including the tuneable variety. These techniques, as well as the
development of miniature, diode-laser-pumped designs, have helped
to transform solid-state lasers into a vitally important class of electro-
optic light sources.”[9]

I. Look through text B 1.2 and answer the following

questions:

1. What is a vibronic laser?

2. Are the electronic states of the active element strongly affected by
the vibrational energy states of surrounding atoms in crystal

lattice?

3. What first commercially successful lasers do you know?

4. Which distinctions between ruby and vibronic lasers can you

indicate?

5. Where is the primary absorption band of Ti:sapphire centred?

6. Where are frequency doubling regularly used?

7. Is the primary absorption band of Ti:sapphire centred in the blue-
green portion of the spectrum around 590 nm?

8. What makes flashlamp pumping very inefficient?

9. When does alexandrite become a vibronic laser with an output in
the 700 - to 830-nm range?

10.Cana vibronic laser be pumped by red diode lasers?

I11. Complete the following sentences using the text.
1. The electronic energy states of the active element are ...
2. The first commercially successful vibronic laser has ...
3. In the three-level mode, the output is a single red line at 680.4 nm,
but in the four-level condition alexandrite becomes ...
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4. The most commercially successful of all vibronic laser is ...
5. The primary absorption band of Ti:sapphire is ...

6. Pulsed pumping is ...

7. These techniques have helped ...

8. Ti:sapphire is usually pumped with ...

9. Ti:sapphire also has high gain and can be run either ...

10. Vibronic lasers emit light with ...

IVV. Agree or disagree with the ideas given below. Use the
following phrases:

You see ...; as for me...; in my opinion...; | can say that...; I think
SO...
1. Vibronic lasers emit light with a wider range of frequencies.
2. The electronic energy states of the active element are not strongly
affected by the vibrational energy states of the surrounding atoms in
crystal lattice.
3. Key energy levels of the active atom cannot broaden into energy
bands.
4.There is no first commercially successful vibronic laser today.
5. Unlike ruby, alexandrite can store large amounts of pump energy
for high-power, pulsed operation.
6. Like ruby, it also can run CW.
7. Alexandrite can function as a three-level or four-level laser.
8. In the four-level condition alexandrite becomes a vibronic laser
with an output in the 700 - to 830-nm range at room temperature.
9. Ti:sapphire isn't usually pumped with an argon-ion or metal-vapour
laser.
10. Non-linear optical technigues such as frequency doubling are
regularly used to expand the spectral reach of all solid-state lasers,
including the tuneable variety.

V. Find the sentence which expresses the main idea of each
paragraph of text B1.2. Entitle each paragraph.

VI. Make up and write the scheme of text B1.2 using titles of
each paragraph.
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VI1I. Make up your questions to text B1.2. Ask your friends
these questions.

VIII. Using the material of the text above, write the main
points according to the questions (VII). Use the following
conversation phrases: | think it is right because ...; | think it is
important ...; It is interesting to know ...

IX. Say what information about vibronic lasers you have
known and which is new.

X. Write a summary of the text.

XI. Make up a topic on the theme “Ti:sapphire lasers. Its
mechanical and thermal properties”.

XI1. Write the following words in alphabetical order:

a) mirror; image; phase; hologram; coder; switch; beamspread;
threshold; absorber; striac; value; laser; pulse; wavelength;
Zone.

b) Research; ruby; resonance; range; rotation; refraction; rate;
relaxation; radar.

XI11.Find what words form the following compound words:

runway; backscattering; multilevel; antiphase; isoplanatic;
hyperfine; linewidth; lineshape; hydroxyapatite.

XIV. Use a dictionary to find synonymous words with the
following words:

sharp; opaque; wideband; free; total; chromatic; bright;
attractive; nontoxic; flexible.
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XV. Choose English words which have the same meaning in
Russian language:

profile; superhard; binary; propagation; photographic grating;
mark; twist; pixel; order.

XVI1. Use a dictionary and find antonyms of the following
words and expressions:

slow; absorption; contrast; brightness; dielectric; loss; real;
liquid-crystal; full colour.

XVI1. Find Russian equivalents of the following words:

medical researchers and clinicians; the high water-absorption
peak; soft tissue; collateral mechanical and thermal damage; more-
robust; fiber-delivery mechanisms; to improve fiber reliability.

XVIIL.
FindintextC1.2Englishequivalentsofthefollowingwords:

HEKOTOpBIE HPOLEAYPbl B IEPMAaTOJIIOTUH, O(TaIbMOJIOTUH U
JedyeHuH 3y0O0B; Ul MHOIMX KIMHMYECKHUX Lelel; MUHUMaJlbHas
ONACHOCTh TEPMUYECKOTO IOBPEXKIEHUs; HHTEpeC MEAULIMHCKON
00IIECTBEHHOCTH; IPUYUHITh MUHUMAJIbHYO 0OJIb MAIIUEHTY.

XIX. Read text C 1.2.

Say why erbium lasers are applied by medical
researchers and clinicians.
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TEXT C1.2

SOME APPLICATIONS OF ERBIUM LASERS IN
MEDICAL MAINSTREAM

"Growing numbers of medical researchers and clinicians believe the
Er:YAG laser (emitting at 2.94 mkm) could become the laser of
choice for certain procedures in dermatology, dentistry, and
ophthalmology. In addition, several companies are developing
fiberless erbium-laser products as alternatives to needles and lancets
for drawing blood.

For many clinical applications, the high water-absorption peak
found at 2.94 mkm is particularly attractive because it results in
extremely precise cutting and ablating of soft tissue. In addition, the
water surrounding collagen strongly absorbs 2.94-mkm energy, as
does the organic substance and inorganic hydroxyapatite found in
more-solid biological material, making the erbium laser appropriate
for fine procedures on the skin and for cutting and ablating hard
tissues such as tooth enamel and bone. Other advantages include
minimal collateral mechanical and thermal damage and minimal
patient pain.

In the past years, the development of more-robust, nontoxic
optical fibers and improvements in fiber-delivery mechanisms have
contributed greatly to the medical community’s interest in the erbium
laser. Fiber manufacturers continue to improve fiber reliability,
increasing the number of times a fiber can be used and thus reducing
per-use fiber costs." [4]

XX. Retell text C1.2using the following phrases:

It is well-known that...; I'd like to say...; may be called...; |
would advise to call your attention to ...; it is interesting that ...; |
should say that ...
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UNIT 2.2

PART 1

I. Read and learn the following words, mind their
pronunciation:

narrow ['neerEu] 1. y3kuii; 2. y3Kas 4acTb

mixture ['mikst[E] CMECh; TIPUMECH

mirror ['mirg] 1. 3epkaino; 2. 3epkanbHas OBEPX-
HOCTB; 3. 0TOOpaXKeHUE

bore [bo:] 1. qMameTp OTBEpCTHUS; KaIHOp;
2. CBEpIIUTh; PaCTa4uNBATh

furnish ['fE:ni]] CHa0KaTh; MPENOCTABIIATS,
JIOCTaBIISITh

discharge [dis'tlo:d3]  paspsn

collide [KE'laid] 1. crankuBathCs;
2. BCTyNaTh B MPOTHBOPEUHE

via ['valE] gyepes

notorious [NEu'to:riEs] 1. momb3yroImuiics JypHO# CITaBO;

MEeYaIbHO U3BECTHBIN; OThSIBICHHBIMH;
MIPECIIOBYTHIN; 2. U3BECTHBIN
notoriously [nEu'to:riEsh] mpecnoByToO

relegate ['religert] OTCHUIATH; HAMIPABJIATH, OTHOCHTD;
KJIacCH(UIMPOBAThH

interferometry [ IntEfIE'romEtri] uHTEpEepOMETpHS

ion ["alEn] WOH

interaction [,IntEr’&EkjEn] B3aMMO/ICHCTBHUE

plethora ['plebErE] 1. nonHOKpOBUE; 2. M300MITHE;
00JIBIIION M30BITOK

appear [E'pIE] MTOKA3BIBATHCS; TTOSBIATHCS,
TPOSIBIISITHCSI

violet ['vaiEht] (buoneToBbIH

molecular [MmEU'lekjulE]  monexymspHbIii



106

experience [Iks'pIENENS] 1. OmbIT; 3KCHIEPUMEHT;
2.MCOBITHIBATh; 3HATH 110 OIBITY
symmetrical  [sI'metrikEl] CUMMETPUYHBIH

bend [bend] 1. u3ru6
2. THYTh; U3rU0aTh; CBSA3BIBATH;
HAIPaBIIATH
accompany [E'KAmpENI]  compoBoXaaTh; COMyTCTBOBAThH
eventually [I'ventEN] B KOHEYHOM cyeTe; B KOHLIE

KOHIIOB; CO BpeMEHEM

longitudinal [fond3i'tju:dinl] mpomonbHbIt

transverse ['treenzvE:s] MOTICPCYHBIH
combine [KEm’bain] 00BEAMHATD;, KOMOWHHPOBAT;
CMeIINBATh; co4eTaTh(cs)
surgical ['sE:d3IKEI] XUPYPrHIeCKuit
I1. Read and translate the following phrases:
gas lasers the overwhelming majority
the vast majority notoriously low gain and efficiency
an electric discharge CW radiant power
discharge-pumped laser product-code scanning
RF excitation to be directed down the bore
rare-gas ion lasers a mixture of helium and neon gases
the optical feed-back a gas-filled tube
resonant collisions to be high enough to ionize the gas
via several paths a plethora of laser emission lines
molecular bands between vibration and rotation states
vibrational modes generating different output frequencies

vibrational energy bands low-energy rotational modes

I11. Read and guess the meaning of these words:

gas [gees] identical [ar'dentikal]
design [di'zain] product-code ['prodakt keud]
plasma ['pleezms]  discrete [dis’kri:t]

anode  [‘&nsud]metrology [me'troled3i]
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tube [tju:b] ionize ['alenaiz]
cathode [keboud] radar [rerrds]

resonant ['reznent] atmospheric-pressure [@tmes'ferik pre o]
tensor ['tenza] valency

['vellansi]dsiBamn

dislocation [dislou'ketfon] situation [sitju'el Jon]

accommodate [a'komadeit] schematic [ski'maetik]

IV. Read the words:
[J] she, short, shape, furnish, interaction, photoablation spatial,
proportional, pressure
[tfimixture, fixture, feature, discharge, eventually
[au] narrow, code, mode, anode, cathode, molecular, notorious,
exposurephoto, photolithography
[aid] via, violet, ion, ionize, desirable

V. Word Study.
bore - deep hole made in the ground; (diameter of the) hollow part in
side a gun barrel
collide - (of moving objects or people) strike violently against sth or
each other
relegate - dismiss to a lower position or condition
hence - from this time; (a week hence, in a week from now)
to interact — to act or to have an effect on each other;
to act together or cooperatively, especially so as to
communicate with each other
single - only one; not in a pair, group, etc.
plethora - quantity greater than what is needed
to stretch - to make (sth) longer, wider or tighter by pulling
tosplit-  (to cause sth to) break or to be broken (into two or more
parts), especially from end to end
within - inside the range or limits of (sh/sth)
transverse - lying or acting in a crosswise direction
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LOOK, READ, REMEMBER!

-ness
adj + -ty = noun
-dom
bright + ness = brightness proper + ty = property
rough + ness = roughness safe  +ty = safety
small + ness = smallness final  + ty = finality

free + dom = freedom
wise + dom = wisdom

V1. a) Make up nouns from the adjectives:

busy - causal - fine -

thick - deaf - fixed -
barrien - external - flat -

exact - extreme - responsive -

b) Fill in the blanks with suitable words:

This lattice mismatch is accomodated by elastic strain rather
than (dislocate/dislocation), provided that the layer (thick/thicknesses)
are less that some (critic/critical) wvalue. The lower’s the
(electric/electrical) field across the detector and lower’s its
(responsive/responsivity). The light output is substantially more
coherent and has a wavelength that can be (fine/fineness)-tuned by
adjusting the (active/activity)-layer (thick/thickness).

VII. Translate the following sentences.Define the meaning of
the words which are put in italics (the nouns, the adjectives or the
verbs).

The researchers from MoscowsStateUniversity have shown
theoretically the feasibility of generating a single altosecond x-ray
pulse. This can be achieved by generating high-order harmonics of
light pulse in the gas with variable elliplicity and a relative spectral
width Aw =0.04. They showed that photonic crystals with a
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cubicopticalnonlinearity can be used to reduce the duration of laser

pulses.

One could have a two-crystal arrangement with a compensating
half-wave plate in between, and width greater than its thickness if

GRAMMAR

PASSIVE VOICE

REVIEW

to be + Participle 11

required.
PRESENT
INDEFINITE |(is,are,am)+
done

PAST
(was,were)+
done

FUTURE
shall,will)+be +
done

CONTINUOQUS (is,are,am)+

(was,were) +

being + done | being + done -
PERFECT (have,has) + | had + been + shall,will) + have +
been + done | done been + done
Examples:
1. INDEFINITE

The student is asked to learn a new rule.

| was told what | had to do.

They will be met at the airport tomorrow.

2. CONTINUOUS

She is being answered now.

My friends were being asked the whole evening.

3. PERFECT

My book has been taken this week.
That building had been destroyed by 1965.
We shall have been tested by 7 o’clock tomorrow.
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VIIIl. Rewrite the following sentences in Passive Voice.
Translate them.

1. They have never read that article. 2. The students wrote their
test-paper without mistakes at the last lesson. 3. We shall discuss our
problem next time. 4. | have just bought a new book. 5. The engineers
were testing a new device since four till seven. 6. By six o’clock our
professor had finished his report. 7. She will have explained the rules
before the examinations. 8. The scientist will show his device in a
week. 9. The students greeted their teacher.

IX. Read text A 2.2.
Say what kinds of gas lasers you know. Why are these lasers
called "'gas lasers'?

TEXT A22
GAS LASERS

"HELIUM-NEON LASER. "In gas lasers, of course, the gain
medium is a gas. The vast majority of these lasers are pumped by an
electric discharge, but some designs use RF waves, photons, or even
e-beams.

Like most gas lasers, the HeNe (helium-neon) laser is discharge-
pumped, although RF excitation also is possible. The gain medium
consists of a narrow glass tube filled with a mixture of helium and
neon gases. An anode near one end of the tube and a cathode near the
other deliver the dc discharge current down the bore, while mirrors at
the tube ends furnish the optical feed-back required for stimulated
emission. Electrons from the discharge collide with the more
numerous helium atoms (which usually outnumber the neon atoms by
10 tol), exciting these atoms to a higher metastable state. Then,
through resonant collisions, the excited helium atoms transfer their
energy to the neon atoms, raising them to a metastable state nearly
identical in energy to the excited helium atoms.
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From the metastable state of neon, electrons can return to the
ground state via several paths, thus generating different output
frequencies of laser light once population inversion is reached.
However, the overwhelming majority of HeNe lasers are designed to
favor 632.8-nm emission. Because their notoriously low gain and
efficiency (0.01% - 0.1%), few HeNe lasers can exceed 100 mW of
CW radiant power at this wavelength, which relegates them to low-
power applications such as product-code scanning, alignment,
interferometry and metrology.

RARE-GAS ION LASERS. Higher CW power in the visible
and UV regions is possible with rare-gas ion lasers such as argon-ion
and krypton-ion. Like the HeNe laser, these gas lasers are typically
pumped by a high voltage dc electric discharge directed down the bore
of a gas-filled tube. However, the discharge current of an ion laser is
high enough to ionize the gas, hence the name. Through a complicated
set of electron-ion interactions, the rare-gas ions are excited from their
ground state to higher metastable state from which stimulated
emission can occur.

Many stimulated transitions exist in singly and doubly ionized
rare gases, resulting in a plethora of laser emission lines. In singly
ionized argon (Ar+), the most important visible emission lines appear
in the blue (488 nm) and green (514.5 nm) areas of the spectrum. And
for krypton-ion lasers (Kr+), some of the most useful emission lines
fall in the red (647.1 nm), yellow, green and violet spectral regions.

MOLECULAR GAS LASERS. At IR wavelengths, extremely
high powers are available from molecular gas lasers such as carbon
dioxide (CO,). These lasers generate stimulated emission from the
low-energy transitions between vibration and rotation states of
molecular bonds. The triatomic molecule CO,, for example,
experiences three modes of vibration: symmetrical stretching,
asymmetrical stretching and bending. The energies of these three
vibrational modes correspond to the IR wavelength region around 10
mkm. But also accompanying these vibrational modes are low-energy
rotational modes that materialize as energy sublevels (line splitting)
within the 10-mkm vibrational energy bands.
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Most CO, lasers are discharge-pumped, but RF excitation is
used too. If the CO, gas - which is usually accompanied by nitrogen
and helium - is placed in a sealed tube, it must be continuously
regenerated because the molecules eventually break apart. For higher
output power, the gas also can be made to flow along (longitudinal) or
across (transverse) the optical cavity. Transverse discharges are
possible as well. Some of the highest-power, pulsed CO, lasers, called
TEA (transversely excited atmospheric-pressure) lasers, can generate
megawatts of peak power by transversely exciting the CO, gas at
atmospheric pressures.

The 10.6-mkm average emission wavelength of CO, is ideal for
drilling, cutting and welding a variety of materials, which, when
combined with the laser’s good gain and very high efficiency ( up to
30%), has turned this laser into an industrial workhouse. Moreover,
the ability of CO, lasers to cut and cauterize living tissue has made
them valuable in surgical medicine."[4]

X. Match the English words on the left with theirRussian
equivalents:

1. notoriously 1. crankuBaThCs

2. relegate 2. gepes

3. collide 3. CHaOXaTh, IPEIOCTABIIAT
4.via 4. oTCHIIATD, HATIPABIIATD
5. furnish 5. n300unue

6.ion 6. mpecoByTO

7. molecular 7. CBEpINTH

8. mirror 8. B3anMoelicTBHE
9. bore 9. 3epkaio

10. interaction 10. xupypruyeckuit
11. bend 11. MoNeKyJISIPHBIi
12. pump 12. u3ru6

13. majority 13. HakauuBarTh

14. surgical 14. 6ONBIIMHCTBO

15. plethora 15. non
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XI. Choose and write the best equivalents for the words on
the left from the words on the right. Example: possible — likely

1. vast a) wide, b) narrow, c) spread, d) little

2. majority a) power, b) large, ¢) military, d) authorities

3. discharge  a) exchange, b) relaxation, c) sort, d) type

4. possible a) different, b) probable, c) incarnate, d) likely

5. identical a) main, b) considerable, c) strange, d)
similar
6. stimulate a) exist, b) encourage, c) mend, d) strike
7. relegate a) lead, b) sent, c¢) direct, d) come
8. average a) tall, b) low, c) high, d) medium
9. sprout a) discover, b) compete, c¢) grow, d) fall down
10. argue a) think, b) disagree, c) agree, d) dispute

XIl. Translate the sentences , using the following words and
phrases:gas lasers; the gain medium; a narrow glass tube filled with a
mixture of gases; through resonant collisions; population inversion.

B rasoBom nasepe akTHBHOW Cpelod SIBISETCS ra3 HJIM CMECh
ra3oB. TpyOKy win Kamepy C akTHBHOM ra30BOH Cpeoi MOMEIIAOT B
onTudeckuil pesonarop. Ilpocredmmii onTtuyeckuii pe3oHATOp
COICPKUT JiBa IUIOCKMX 3€pKaja, OJHO M3 KOTOPBIX Jenaercs
MOJYIIPO3payHbIM.  3epKajla  paclojiaralTcs HEepHeHIUKYIISIPHO
MpomoNpbHOW ocu TpyOku. Ilpm Hammauum B Tase HWHBEPCHUH
HAaceJeHHOCTEH CBETOBas BOJIHA YCWIMBAeTCs M3-3a IIPOLIECCOB
BBIHY)KJICHHOI0 HCIycKaHus. ['a3oBble sazepsl 00J1afa0T BBICOKOH
ONTUYECKON  OJHOPOJHOCTHIO  AKTUBHOM Cpeibl M y3KUMHU
CIEKTPAJIbHBIMU JIMHUAMM M3JIy4yeHHs. OTU CBOMCTBA OIPENEIIIOT
BBICOKYIO MOHOXPOMATHYHOCTb, OCTPYIO HAIIPABIECHHOCTh U3JIYy4YE€HUS,
BBICOKYIO KOI'CPCHTHOCTH H CTa6I/IJ'IBHOCTL YaCTOTHI. JII/IEIHEI?,OH
pabounx amuH BoaH coctaBisgser 100 um - 1000 mxM. MomHOCTh
nznydenus: - 100 MxBT - 1 MBT B HenpepbIBHOM peKUME.

XI11. a) Give the Russian equivalents of the following expressions:

the gain medium; an electric discharge; e-beam; to furnish the
optical feed-back; outnumber the neon atoms; through resonant
collisions; however; overwhelming majority of HeNe lasers; radiant
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power; product-code scanning, like the HeNe laser; a gas-filled tube;
high enough to ionize the gas; through a complicated set; doubly
ionized rare gases; plethora of laser emission lines; the most useful
emission lines; molecular gas laser; from the low-energy transition;
asymmetrical stretching and bending; low-energy rotational modes;
the molecules eventually break apart; to be ideal for drilling, cutting
and welding; moreover.

. b) Find in the text the equivalents of the following
expressions:

npeobamaroniee OONBITUHCTBO 3THUX JIA3€POB; DIIEKTPUUCCKHMA
paspsn; Bo30YKICHHE ra30BBIM Pa3psioM; Y3Kasi CTEKIISTHHAsSI TPYOKa;
CMECh TeJIMEBOT0 U HEOHOBOTO Ta30B; MOYTH HICHTUYHA 110 SHEPTHH;
BO3BpAIaTECSl B OCHOBHOE COCTOSIHHUE TIO OIPEJNEIICHHOMY IyTH,
HU3KAH KOA(POUIMEHT ycuieHHus M S(PQPEKTUBHOCTH; PEryIHPOBKa
(BbIpaBHMBAHHWE); HMOHHBIA Ja3ep; BO30OYXKICHUE DIICKTPHUCCKUM
Pa3paa0oM BBICOKOT'O HAMPSDKEHUS; pa3psiiHBbIA TOK; HanOoJiee BaXKHbIC
BUAMMBIC JMHAW  M3JIy4eHHs; OOJacTH CIEKTpa; CHEKTpaibHbIC
QMaNa3oHbl; YpEe3BbIYAHO BBICOKAsh MOIIHOCTH; BpallaTelbHbIC
YPOBHHU; MEXMOJICKYJISIDHbIE CBSI3M; CHMMETPUYHOE BBITSATHBAHHE,
nepegaya B HHQPaKpacHyl0 oOONacTh CIEKTpa; 3HEPreTHYECKHe
MOJYpPOBHHU, TMOMEIIAaTh B 3alasHHYIO TPYOKY, BBICOKAas BBIXOJHAS
MOIITHOCTb; aTMOC(HEPHOE TABIICHUE, XUPYPIHSL.

XIV. Look through the text again. Read the following
statements. Compare your version and if you think they are
wrong correct them.

1. An anode near one end of the tube and a cathode near the other
deliver the dc discharge current down the bore.

2. The excited helium atoms transfer their energy to the neon
atoms.

3. Electrons from the discharge cannot collide with the more
numerous helium atoms, exciting these atoms to a higher
metastable state.
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4. From the metastable state of neon, electrons cannot return to the
ground state via several paths.

5. Because of their notoriously low gain and efficiency (0.01% -
0.1%), few HeNe lasers can exceed 100 mW of CW radiant
power at this wavelength.

6. The 10.6-mkm average emission wavelength of CO, is ideal for
drilling, cutting, and welding a variety of materials.

7. The ability of CO, lasers to cut and cauterize living tissue has
made them valuable in surgical medicine.

8. Rare-gas ion lasers are typically pumped by a high- voltage dc
electric discharge directed down the bore of a gas-filled tube.

9. The 10.6-mkm average emission wavelength of CO, is ideal for
drilling, cutting and welding a variety of materials, which, when
combined with the laser’s good gain and very high efficiency (up
to 30%), has turned this laser into an industrial workhouse.

10. Some of the highest-power, pulsed CO, lasers, called TEA
(transversely excited atmospheric-pressure) lasers, can generate
megawatts of peak power by transversely exciting the CO, gas at
atmospheric pressures.

XV. Complete the following sentences:

. The vast majority of gas lasers are ...

. The gain medium consists of ...

From the metastable state of neon, electrons can return ...

. The overwhelming majority of HeNe lasers are ...

. Higher CW power in the visible and UV is possible with ...

. Rare-gas ion lasers are typically pumped by ...

7. Through a complicated set of electron-ion interactions, the rare-gas
ions are excited from ...

8. Many stimulated transitions exist in ...

9. Some of the most useful emission lines fall in ...

10.Extremely high power is available from molecular gas lasers such
as...

11. These lasers generate stimulated emission from ...

12. The energies of these three vibrational modes correspond to ...

oUThWN R



116

13. The gas also can be made ...
14. It must be continuously regenerated because ...

XVI. Answer the following questions:

. What is the gain medium in gas lasers?

. Is the HeNe laser discharge-pumped?

. Where do the excited helium atoms transfer their energy?

. Can electrons return to the ground state?

. Which paths do they return?

. How is population inversion reached?

. What is the rare-gas laser?

. Why do we call it rare-gas ion laser?

. What is the gain medium in these lasers?

10. Is the discharge current of an ion laser high enough to ionize the
gas?

11. Where do the most important visible emission lines appear?

12. Why do we say that carbon dioxide lasers are molecular lasers?
13. How do these lasers stimulate emission?

14.Are accompanying vibrational modes the low-energy rotational
modes?

15. What kinds of pumps areused in the most molecular lasers?

16. Where do people usually use molecular lasers?

O©CoOoO~NO O WN P

XVII. Agree or disagree with the ideas given below. Use the
following phrases:

that's right...; that's wrong...; to my mind...; in my opinion...; |
agree with you...; | think so...

1. Some designs use RF waves, photons, or even e-beams.

2. The gain medium consists of a wide glass tube filled with a mixture
of helium and neon gases.

3. Higher CW power in the visible and UV regions isn’t possible with
rare-gas ion lasers such as argon-ion and krypton-ion.

4. Gas lasers are typically pumped by a high voltage dc electric
discharge directed down the bore of a gas-filled tube.
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. The rare-gas ions are excited from their ground state to higher
metastable state from which stimulated emission can occur.

. At IR wavelengths, extremely low powers are available from
molecular gas lasers such as carbon dioxide (CO,).

. For higher output power, the gas also cannot be made to flow along
(longitudinal) or across (transverse) the optical cavity.

. In singly ionized argon (Ar+), the most important visible emission
lines appear in the blue (488 nm) and green (514.5 nm) areas of the
spectrum.

. For krypton-ion lasers (Kr+), some of the most useful emission
lines fall in the red (647.1 nm), yellow, green and violet spectral
regions.

10. The energies of these three vibrational modes correspond to the

IR wavelength region around 30 mkm.

11. Through resonant collisions, the excited helium atoms transfer

their energy to the neon atoms, raising them to a metastable state
nearly identical in energy to the excited helium atoms.

XVIII. Retell text A2.2 according to the scheme:

Gas lasers are pumped by an electric

discharge
HeNe laser Rare-gas Molecular
ion lasers gas lasers
Gain medium
is gas
Discharge Stimulated Some

current emission applications
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XIX. Read the dialogue and act it out.
Mr. Nicolson: | saw your advertisement for optoelectronic engineers
in the Career Forum recently and | am interested in applying for a job
with you.
Mrs. Grey: OK. What qualification have you got?
Mr. Nicolson: | have a school leaving certificate and a diploma in
optoelectronic devices maintenance and operation. Since 1998 | have
worked at Electronic Engineering Company in Moscow.
Mrs. Grey: Who can recommend you?
Mr. Nicolson: Here are the names and addresses of the people who
can write letters of reference for me:

Mr. D. Gold, Electronic High School, Moscow.

Dr. N. Turov, MoscowStateUniversity, Moscow.
Mrs. Grey: Please write your curriculum vitae and come in two
weeks. Bye.
Mr. Nicolson: Bye.

XX. Continue the dialogue:

Mrs. Grey: We have acquainted with your documents and 1’d
like to ask you some guestions.

Mr. Nicolson: You are welcome.

XXI1. Choose a partner and talk about different kinds of gas
lasers.

XXI1. Write a summary of the text. Limit it to 10 sentences.

PART 2

l. Read text B 2.2 and formulate its main idea.
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TEXT B22
SOME APPLICATIONS OF GAS LASERS

"The world as we know is shrinking. We are starting to carry our
telephones in our pockets and our computers under our arms.
Automobiles are sprouting tiny sensors and actuators. Eyes, knees,
and hearts are being repaired with miniature tools and implants. This
miniaturization revolution is fuellingan expanding demand for new
equipment for micromanufacturing.

Fabrication of microcomponents and miniature systems requires
tools capable of shaping, measuring, and marking materials of interest
on very small scales. Conventional mechanical operations carried out
by milling machines, lathes, callipers, engravers, and similar
equipment can address most requirements when feature sizes are
larger than a few hundred micrometers.

However, when hole diameter, slot width, character height, or similar
feature sizes fall below this range, optical tools are one of the few
viable options.

The spatial resolution associated with lasers, high-resolution
imaging systems, and precision motion-control devices allows
relatively easy access to feature sizes in the 1 - 100 mkm range. Most
optically controlled material processing uses either optical exposure of
photoresist or laser ablation as primary process mechanism. No one
would argue that any single light source is optimum for all
applications, but ultraviolet-emitting excimer lasers play important
roles in both of these processes.

Excimer laser ablation has several features that are desirable
foreffective micromanufacturing. The deep-UV wavelengths at which
excimer lasers operate are strongly absorbed by a wide range of
materials and also can produce very small spot sizes. Additionally,
because short-wavelength UV photons can directly break chemical
bonds, material can be literally vaporized with minimal heat transfer
to the surrounding substrate.

In general, very little laser energy is needed to ablate small areas
on absorbing substrates. Typically, only a few hundred microjoules of



120

optical energy are required for ablation in a 100 mkm focal spot. The
material-removal rate is proportional to the average laser power
delivered to the substrate , and the laser energy should be delivered in
short pulses to minimize heat conduction to unilluminated areas.

Cylindrical components such as tube, wires, and rods can be cut,
drilled and marked with appropriate fixturing. Hole patterns can be
made in tubing by configuring the laser and beam-delivery system to
produce a focal spot of suitable size and shape and moving from
location to location along the tube with translation and rotation
operations.

A waveguide excimer laser producing 50 mkj of energy at a pulse-
repetition rate of 500 Hz allows the hole pattern to be cut in a few
seconds. Overall process time of 60 s influenced by the 55 s parts-
handling time, providing a good example of the impact of parts-
handling and fixturing on machine throughout."[10]

I1. Look through text B 2.2 and answer the following
questions:

1. In which branches do people usually use gas lasers?

2. Is miniaturization revolution fuellingan expanding demand for
new

3. equipment for micromanufacturing?

4. Should the laser energy be delivered in short pulses to minimize

5. heat conduction to unilluminated areas?

6. Is any single light source optimum for all applications?

7. Can material be literally vaporized with minimal heat transfer to
the

8. surrounding substrate?

9. What cylindrical components can be cut, drilled and marked
with appropriate fixturing?

10. Whycan photons directly break chemical bonds?

11. What several features that are desirable foreffective
micromanufacturing does excimer laser ablation have?
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12. Does a waveguide excimer laser producing 50 mkj of
energy at a pulse-repetition rate of 500 Hz allow the hole pattern
to be cut in a few seconds?

13. Who would argue that any single light source is optimum
for all applications?

I11. Complete the following sentences using text B2.2.
. This miniaturization is ...
. Fabrication of microcomponents and miniature systems requires ...
. Conventional mechanical operations carried out by ...
. The spatial resolution associated with lasers, high-resolution
imagingsystems, and precision motion-control devices allows ...
. No one would argue that ...
. Excimer laser ablation has several feature that ...
. The deep-UV wavelengths at which excimer lasers operate are ...
. Only a few hundred microjoules of optical energy are required for
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9. Hole patterns can be made in ...
10. The laser energy should be delivered in ...

IV. Agree or disagree with the ideas given below. Use the
following phrases:

You see ...; as for me...; in my opinion...; | can say that...; | think
SO...

1. The world as we know it is shrinking.

2. This miniaturization revolution is fuellingan expanding demand for
new equipment for micromanufacturing.

3. Conventional mechanical operations cannot be carried out by
milling machines, lathes, callipers, engravers and similar equipment.
4. Feature sizes of hole diameters are larger than a few hundred
micrometers.

5. Precision motion-control devices don't allow relatively easy access
to feature sizes in the 1 - 100 mkm range.

6. Material cannot be literally vaporized with minimal heat transfer to
the surrounding substrate.
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7. Very little laser energy is needed to ablate small areas on absorbing
substrates.

8. The laser energy should not be delivered in short pulses to
minimize heat conduction to unilluminated areas.

9. Only a few hundred microjoules of optical energy are required for
ablation in a 100 mkm focal spot.

10. Overall process time of 30 s influenced by the 80 s parts-handling
time, providing a good example of the impact of parts- handling and
fixturing on machine throughput.

V. Find the sentence which expresses the main idea of each
paragraph of text B2.2. Entitle each paragraph.

V1. Make up and write the scheme of text B2.2 using titles of
each paragraph.

VI1I. Make up your questions to text B2.2. Ask your friends
these questions.

VIII. Using the material of the text above, write the main
points according to the questions (VII). Use the following
conversation phrases: | think it is right because ...; | think it is
important ...; It is interesting to know ...

IX. Say what information about application of gas lasers you
have known and which is new.

X. Write a summary of the text.

XI. Make up a topic on the theme “Gas lasers. Its mechanical
and thermal properties”.

XI1. Write the following words in alphabetical order:

a) double; gamma; monitor; radiation; lens; spin; coherent;
surface; inderect; electron; vision; focal; incidence; feedback.
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b) asymmetry; angle; array; ability; aperture; analyzer;
amplification; arm.

XII1. Find what words form the following compound words:

monopulse; afterpulsing; thermomagnetic; autoexcitation;
photodetector; optoelectronics; ultratransparent.

XIV. Use a dictionary to find synonymous words with the
folloving words:

screen; to pump; pulse; flat; handling; embossed; monolayer;
random; mount; pel; roughness.

XV. Choose English words which have the same meaning in
Russian language:

barrier; algorithm; transparent; matrix; valence; valency; cycle;
figure; peak; mode.

XVI. Use a dictionary and find antonyms of the
following words and expressions:

natural; dark; reflecting; heavy; depopulation; receiver; variable;
input; lossless waveguide; nonlinear; to heat; emission.

XVII. Use a dictionary and find Russian equivalents of
the following words:

to carry out telephones in our pockets; miniature tools and
implants; marking materials; micromanufacturing;  fuelingan
expanding demand; carried out by milling machines; larger than a few
hundred micrometers; character height; fall below this range; one of
the few viable options; high-resolution imaging systems; precision
motion-control devices; laser ablation as primary process mechanism;
no one would argue that; the deep-UV wavelengths; produce very
small spot sizes; directly break chemical bonds; literally vaporized
with minimal heat; in general; should be delivered in short pulses;
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beam-delivery system; moving from location to location along; overall
process time.

XVIII. Use a dictionary and find English equivalents of the
following words:

KpOIICYHBIC JaTYUKHU u B036y211/ITeJ'II/I; MHUHHATIOPHBIC
WHCTPYMEHTBl W TPUCIIOCOOJICHUS; MapKHPOBOYHBIE MaTepHalbl;
TOKAPHBI  CTAHOK;  TPAaBUPOBOYHBIA  pe3el;  KPOHLUPKYJIb;
XapaKTepHbBIC pa3sMephbl, AUaMETp OTBEPCTHs, IIMPUHA IICIH,
OINITHYECKOE BO3JCHCTBUE (POTOPE3UCTOpA; UrpaTh BaXKHYIO POJIb;
CUJIBHO TIOTJIOMIAIONIMI; B JONOJIHEHWE; MpUJerarouas MoJJI0XKKa,
HEOCBEIIEHHAs 00JIACTh; MOJAXOASIIUN pa3Mep u Gopma.

XIX. Find in text C2.2 English equivalents of the following
words:

MOIJICKYJISIPHBIC Ta30BBIC J1Aa3€Phl, MAJIbHAA yJ'ILTpaq)I/IOJ'IeTOBaSI
001acTh cneKTpa; MOH.IHLII71 3H€KTqueCKHﬁ I/IMHyJ'Ibc; HC3aBUCUMBIC
aTOMbI, 3a HECKOJBKO HaHOCGKYHI[; oT q)OTOHHTOFpaq)I/II/I B
dhoToynaneHwus.

XX. Read text C 2.2
Say where excimer lasers are used.

TEXT C22
EXCIMER LASERS

"For applications at the UV end of the spectrum, there are excimer
lasers. These molecular gas lasers can create high-intensity pulses of
UV light through an unusual interaction between halogen atoms and
rare-gas atoms. When a high-energy electric pulse passes through a
gas mixture containing these elements, the elements become excited
and bind together into a molecule called an exciplex. It is called an
excimer when the two atoms are of the same species.

After a few nanoseconds, the exciplex disintegrates into its
preferred “ground state” of independent atoms, emitting the energy as
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UV laser light. Creation of the exciplex also can be done with e-beam
or RF excitation.

Excimer lasers resemble TEA lasers in design; however, they
must also withstand the corrosive effects of halogens. These lasers
have extremely high gain, and their UV radiation has been used for
applications from photolithography to photoablation."[10]

XXI. Retell text C 2.2using the following phrases:
It is well-known that...; I'd like to say...; may be called...; |

would advise to call your attention to ...; it is interesting that ...; |
should say that ...
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UNIT 3.2

PART 1

I. Read and learn the following words, mind their
pronunciation:

existence [1g'z1stans] CYIIECTBOBAHHUE

virtually ['ve:tjuli] (haKkTHUECKH; B CYIIHOCTH, IOUCTHHE

mature [mé'tjua] 1. 3penblif; TIIATENFHO 00AYMaHHBIH;
MPOIYMaHHBI;

2. CO3peTh; BIOJIHE Pa3BUTHCS;
moIpOoOHO pa3paboTaTh

scanner ['skeena] 1. MHOTOTOYCYHBI U3MEPHUTEIHHBIMH
puOop; CKaHep
worldwide [wa:ldwaid]  BceMupHO U3BECTHBIIA;
MUPOBOH
roughly [rafli] OypHO; pe3Ko; Tpy00; HEPOBHO
gap [gzp] MPOMEKYTOK; HHTEPBAJ
outmoded [aut'moudid]  ycrapeBmmit
succumb [sa'kam] HO/IATHCS; YCTYIUTh
biased [‘baiast] CMETIEHHBIH

reverse-biased [ri'vas 'balest]  oOpaTHBIH cMelIeHHBIH
forward-biased [‘fo:wed 'balest] mpsimoit cMenieHHBII
traffic ['treefik] JBIDKEHHUE

jam [d3eem] 1. ckoruteHHe;
2. CKaTHe;CKIMaHue;
3. 3amemiieHue
disparity [dis'paeriti] HEPaBEHCTBO, HECOOTBETCTBUE

I1. Readandtranslatethefollowingphrases:
to meet the demands of real-worldapplications

to take place in semiconductor lasers
at virtually the same time handheld barcode scanner
long-distance information superhighway

to depend on outmoded laser technologies
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the light-emitting diode a biased p-n junction
the forward-biased condition  an electric current
indirectband gaps a traffic jam of electrons and holes

I11. Read and guess the meaning of these words:

laboratory [la'boratari] photodiode ['fouts'daloud]
resolution [rezé'lu:fon] million  ['m1ljon]
recombine [ri'‘combain] structure ['straktfo]

material [ma'tiarial] fact [feekt]

separate  ['seprit] dynamics [dar'naemiks]
valence ['verl(d)n(t)s] cavity ['keeviti]

detector [di'tekta] spectrometer  [spek'tromits]
region ['ri’d3(o)n] mask [ma:sk]

optomechanical [optami'kaenikal]

1V. Read the words:
[ju] tube, virtually, mature, actuator, longitudinal

[d3] jam, region, halogen, metrology, surgical, damage, congenital,
originate

V. Word Study .
flash - give or send out a brief bright light
virtually - in every important respect, almost
succumb - (to sth) stop resisting (temptation, illness,attack, etc);

yield
amid - in the middle of (sth); among
facets - 1. any of the many sides of a cut stone or jewel

2. aspect of a situation or a problem
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LOOK, READ, REMEMBER!

-er,-or,-ment
-er

v+ -or =n
-ment

work + er =worker
teach + er =teacher
research + er =researcher
play + er =player
conduct + or = conductor
develop + ment = development

VI.a) Make up nouns from the verbs:

detect- translate -  equip -
carry -  drive - environ -
lay - explore - read -
confune - transform - write -

b) Fill in the blanks with suitable words:

The grating lies beyond the active ... (lay/layer) and
(require/requirement) an index-guiding ... (lay/layer) to optically link
it to the gain region of the cavity. Both -cavity
(arrange/arrangement) are commercially used for fiberoptic
communications in the 1.3-mkm and 1.55-mkm spectral regions. The
most recent ... (research/researcher) into gquantum-well structures
now includes quantum wires - two-dimensional ... (carry/carrier) ...
(confine/confinement).

VII. Translate the following sentences.Define the meaning of
the words which are put in italics (the nouns, the adjectives or the
verbs).

Recent progress in so-called strained-layer architectures has
relaxed the lattice-matching requirement to above 1%. One of the first
encroachments a laser diode into forbidden spectral region around 1
mkm came from a strained-layer design consisting of ultrathin InGaAs
active layers and GaAlAs confinement layers all grown on a GaAs
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substrate. The laser was used for pumping erbium-doped optical
amplifiers at 980 nm. Applications require a highly coherent beam of
light with a narrow band of frequencies.

GRAMMAR REVIEW
SEQUENCE OF TENSES. REPORTED SPEECH

Indefinite

Present (I write a letter)  Past Indefinite (He said he wrote a letter)
(Can, must, may) (Could, had to, might)

Past (I wrote it two days  Past Perfect (He said he had written it
ago) two days before)

Future (I shall write it Future-in-the Past (He said he would
tomorrow) write it the next day)

Continuous

Present (I am writing it now) Past Continuous (He said he was
writing it at that moment)
Past (I was writing from 5  Past Perfect Continuous (He said he had

till 6 yesterday) been written from 5 till 6 the previous
day)

Future (I shall be writing at Future-in-the Past (He said he

would be 6 next Monday) writing at 6 the following

Monday)

Perfect

Present (I have just written)  Past perfect (He said he had written)

Past (I had written the novel Past Perfect (He said he had written

for 5 years) the novel for 5 years)

Future (I shall have written  Future-in-the Past (He said he would

It by 7 o’clock tomorrow) have written it by 70’clock the next
day)

TIME AND PLACE CHANGES:
here - there today — that day
this - that yesterday —the day before/the
these - those previous day
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now - at that moment/then a month ago - a month before
last Monday - the previous Monday tonight - that night
next week - the following week tomorrow - the next day

VI11. Change the following sentences into inderect speech.

1. “l am talking on the telephone,” said our teacher. 2. The
engineer asked us, “Who took my tools?” 3. My friend said to me,
“Pass me that magazine, please.” 4. The professor asked, “When was
this law discovered?” 5. “Do you think it is right?” — an engineer
asked me. 6. She asked him, “Where have you put my text-book?”

IX. Read and translate text A 3.2.
TEXT A3.2
SEMICONDUCTOR LASERS

"In 1962, just two years after Theodore H. Maiman built the first
laser at Hughes Research Labs in Malibu, semiconductor lasers
quietly flashed into existence. The birth took place in three different
laboratories at virtually the same time - General Electric's Research
and Development Center, IBM's T.J. Watson Research Center and
MIT's Lincoln Laboratory - but almost 18 years slipped by before the
technology matured enough to meet the demands of real-world
applications.

Today, not only have semiconductor lasers matured, practically
everybody uses them. Every CD player and CD-ROM has one, and so
does every handheld barcode scanner. It's nearly impossible to make a
long-distance call without them. And high-speed data links depend on
them, too. In 1994 alone, almost 80 million semiconductor lasers were
sold worldwide - roughly 230 times the combined total of all other
lasers. And the gap continues to widen as the information
superhighway expands and outmoded laser technologies gradually
succumb to the smaller, cheaper, faster world of semiconductor light
sources.
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Semiconductor lasers evolved from the simplest of
semiconductor light sources, the light-emitting diode (LED). The LED
consists of a biased p-n junction, just like the photodiode detector. But
contrary to the photodiode, the junction of an LED is forward-biased
rather than reverse-biased. In fact, LEDs are essentially photodiodes
in reverse.

In the forward-biased condition, the externally applied electric
field pointstoward the n-region, which forces holes from the p-region
toward the n-region and conduction electrons from the n-region
toward the p-region. This creates an electric current through the
device and a traffic jam of electrons and holes at the junction. Amid
the congestion, electrons and holes recombine, and this releases
energy from the junction. But the kind of energy released depends on
the band-gap structure of the semiconductor material.

If, for example, the voltage connections of a silicon photodiode
were simply reversed so as to forward-bias the p-n junction, the
energy released would be mostly heat. This is because silicon has an
indirect band gap. To generate mostly light energy at the junction, the
semiconductor material must have a direct band gap.

The disparity between the two types of semiconductors
originates from the fact that conduction electrons and holes experience
separate dynamics in various materials. Not only do the energy and
momentum of these charge vary from one substance to another. These
two properties also depend on the direction of motion within a given
material.

In direct-band-gap semiconductors , when an electron drops
from the bottom of the conduction band to the top of the valence band,
its momentum changes very little and the energy is released as light
with a wavelength inversely proportional to the band-gap energy
(where A=hc/Eg). But in semiconductors with indirectband gaps, the
same electron transition is accompanied by shift in momentum.
Therefore, much of energy is released as heat. This explains why most
light-emitting semiconductors consist of direct-band-gap materials
such as GaAs. The first practical LEDs were made from GaAs p-n
junctions. So were the first semiconductor lasers.
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In principle, the leap from LEDs to semiconductor lasers is a
simple one. It requires a population invertion and some kind of optical
feed-back.Population invertion can be achieved in an LED by heavily
doping the p- and n-regions and applying a strong forward bias across
the device so as to inject a high density of electrons and holes into the
junction. For optical feed-back, a Fabry-Perot cavity can be fashioned
from two opposing facets cleaved perpendicular to the junction plane.
This was the approach taken by Robert N. Hall's research team at
General Electric's R&DCenter in 1962."[11]

X. Match the English words on the left with theirRussian

equivalents:

. semiconductor

. worldwide

. gradually

. succumb

. mature

. handheld

. traffic

. congestion
9. junction

10. feed-back

11. motion

12. voltage

13. jam

14. band-gap

15. inject

CONOOOTHEA WN -

OCoO~NO O, WNEF

. Iepexo
. IPOTyMaHHBIN

. ABIDKEHUE

. yIpaBisieMbIi

. TH)KEKTHPOBATh

. IOJYPOBOJHHUK

. CKaTHe, CKOIUICHHUE

. LIMPHHA 3aIPELICHHON 30HBI
. HalIpsDKEHHe

. IepeIBUKEHUE

. IIUPOKOM3BECTHBIN

. TIOCTEIIEHHO

. oOpaTHast CBSI3b

. IOJIAAaThCA, YCTYIHUTh

. IEpeHaCceICeHHOCTh

XI. Choose the best equivalents for the words on the left
from the words on the right. Example: enough - sufficiently

1. enough a) too, b) rather, c) gently, d) sufficiently

2. separate a) decompose, b) tear up, c) split up, d) divide
3. originate a) create, b) build, c) produce, d) make

4. fashion a) raise, b) simulate, c) design, d) form

5. cleave a) cut, b) open, c) pave, d) break through
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6. evolve a) develop, b) disperse, ¢) pick up, d) unwind
7. indirect a) simple, b) contrary, c) opposite, d) the same
8. slip a) combine, b) disappear, ) slide, d) glide

9. connection a) relation, b) adding, c¢) innate, d) conductor
10. flash a) switch on, b) sparkle, c)shine, d) blaze up

XIl. Translate the sentences , using the following words and
phrases:semiconductor lasers;a biased p-n junction; an electric
current; a traffic jam of electrons and holes at the junction; various
materias;to consist of direct-band-gap materials such as GaAs.

[ToyIpOBOJHUKOBBIC  JIa3ePbl  OTHOCSITCSI K TBEPAOTEIBHBIM
nma3epaM. AKTHBHAas cpela B TaKuX Jia3epax co3Jaetcs B o0Obeme
ANICKTPOHHO-JBIPOYHOTO  MEPeXofa B  MOJYNPOBOJHHUKAX  MPH
BO30Y)KICHHH TOKOM, KOTOPBI TeYeT B HPSIMOM HAIMPABJICHHH, 3a
CYCT MHXXCKIUH B 00JACTh Mepexoja 3JICKTPOHOB MPOBOAUMOCTH H
AbIpOK. JIJIsi CO3aHMs MOJTYNPOBOJHUKOBBIX Ja3€POB MPHUMCHSIOTCSI
GaAlAs, InP, PbSe, PbSu npyrue moiaynpoBOIHUKOBBIC MAaTCPHATIbI.
N3-3a Manbix 0o0beMOB P-N mepexoa MOIYIPOBOTHUKOBBIE JIAa3ephl
HUMEIOT MAIIYI0 MOIIHOCTH BO30Y)KICHUS W HEOOJBIIYIO BBIXOIHYIO
MOIIHOCTh (EMMHHIBI W JAecsATKA MBT). OHHU SBISIOTCS CaMbIMH
MUHHATIOPHBIMH ~ JIa3€PaMHu. Hcnonmp3yst  HOIYIPOBOJHUKH
Pa3IMYHOrO COCTAaBa, MOXKHO TOJTydYaTh M3TydeHHE HA JUIMHAX BOJH B
mranazone 0.7 - 1.6 MKm.

XIll. a) Give the Russian equivalents of the following
expressions:

Just two years after; quietly flashed into existence; it's nearly
impossible; high-speed data links; sold worldwide; gradually succumb
to the smaller, cheaper, faster world of semiconductor light sources;
amid the congestion; forward-bias the p-n junction; must have a direct
band gap; vary from one substance to another; some kind of optical
feed-back; a Fabry-Perot cavity; cryogenic cooling; efficient heat-
sinking; two thicker semiconductor layers; forward-biased structure;
to inject holes and electrons; so-called carrier continement; to be
packed into a small volume; stripe-geometry laser diodes; gain-guided
and index-guided; thin ribbon of metal; the gain region of the laser; a
narrow waveguide; optical storage.
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b) Find in the text the equivalents of the following
expressions:

B ommuume ot ¢oroamoma; TOYHO TaK, Kak (POTOMMOIHBIH
JIETEKTOP; PEKOMOWHAIIHS AIIEKTPOHOB U IBIPOK; MPSMOM M 0OOPaTHBIHA
p-n  mepexon; pa3iMYHBIE MaTepHalibl, BBICOKAas IUIOTHOCTh
AJIEKTPOHOB | ABIPOK; CXKATHE; MPSMON CMEIICHHBIN; 00paTHas CBS3b,
pa3BUTHE JBOMHBIX TI€TEPOCTPYKTYDP; COCTOSITH M3 OYEHb TOHKHX
CIOEB;, P-N mepexon; MOTCHITHATBHO-dHEPTCTUUSCKUA  Oaphep;
0O0JIBIIIOE YMCIIO AJICKTPOHOB U JBIPOK; OOJIBIIIE CBETAa MEHBIIE TEIUIA;
NpOTEKaTh Yepe3 aKTUBHBIM CJ0H; MOJOXKUTEIbHO 3apsyKEHHBIN
METAJUTMYCCKUI  KOHTAaKT, oOaHa U3 Hauboiee dS(PPEKTHBHBIX
KOHCTPYKIUH; KO3PPUIMESHT PETOMIICHHSI.

XIV. Look through the text again. Read the following
statements. Compare your version and if you think they are
wrong correct them.

1. The voltage connections of a silicon photodiode were simply
reversed so as to forward-bias the p-n junction.

2. The conduction electrons and holes experience separate dynamics
in various materias.

3. It's possible to make a long-distance call without semiconductor
lasers.

4. In 1894 alone, almost 80 million semiconductor lasers were sold

worldwide - roughly 230 times the combined total of all other

lasers.

LEDs aren’t essentially photodiodes in reverse.

6. Electrons and holes recombine, and this releases energy from the
junction.

7. A hole drops from the bottom of the conduction band to the top of
the valence band.

8. Semiconductor lasers evolved from the simplest of semiconductor
light sources, the light-emitting diode.

9. There are three properties which also depend on the direction of
motion within a given material.

10.The leap from LEDs to semiconductor lasers is a simple one.

o
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XV. Complete the following sentences. Your answer must be given
in the text.

1. Almost 18 years slipped by before ...

2. Every CD player and CD-ROM has ...

3. In 1994 alone, almost 80 million semiconductor lasers were ...

4. Outmoded laser technologies gradually succumb to ...

5. The LED consists of ...

6. But contrary to the photodiode, the junction of an LED is ...

7. In fact, LEDs are ...

8. But the kind of energy released depends on ...

9. The voltage connections of a silicon photodiode were ...

10. The disparity between the two types of semiconductors originates
from the fact that ...

11. The first practical LEDs were made from ...

12. Population inversion can be achieved in ...

XVI. Answer the following questions:

1.Where did the birth of semiconductor lasers take place?

2. Where are semiconductor lasers used today?

3. Is it possible to make a long-distance call without semiconductor

lasers?

4. Did semiconductor lasers evolve from the simplest of

semiconductor light sources, the light-emitting diode?

5. The junction of a LED is forward-biased rather than reverse-biased,
isn't it?

6. What two properties depend on the direction of motion within a

given material?

7. What happens when an electron drops from the bottom of the

conduction band to the top of the valence band?

8.1s much of energy released as heat?

9. What explains why most light-emitting semiconductors consist of
direct-band-gap materials such as GaAs?

10. The first practical LEDs were made from GaAs p-n junctions,
weren’t they?

XVII. Agree or disagree with the ideas given below. Use the
following phrases:
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that's right...; that's wrong...; to my mind...; in my opinion...; |
agree with you...; I think so...
1. Every CD player and CD-ROM has semiconductor diodes.
2. And high-speed data links don't depend on semiconductor diodes.
3. The LED consists of a biased p-n junction, just like the photodiode
detector.
4. In the forward-biased condition, the externally applied electric field
doesn't pointtoward the n-region.
5. The n-region cannot force holes from the p-region toward the n-
region and conduction electrons from the n-region toward the p-
region.
6. The kind of energy released depends on the band-gap structure of
the semiconductor material.
7. To generate mostly light energy at the junction, the semiconductor
material must have a direct band gap.
8. Semiconductor lasers were built in 1982.
9. The leap from LEDs to semiconductor lasers is a simple one.
10. Population invertion can be achieved in an LED by heavily doping
the p- and n-regions and applying a strong forward bias across the
device so as to inject a high density of electrons and holes into the
junction.

XVIII. Retell text A3.2 accoding to the scheme:

The first semiconductor lasers

I
Modern application of
semiconductor lasers

I
Light-emitting diode

|

The forward-biased condition

The disparity between the
two types of semiconductors
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Direct-band-gapand indirect-
band-gap semiconductors

A population invertion and some
kind of optical feed-back

XIX. Read the dialogue and act it out. Then make up the
dialogues of your own and role play them.

Mr. Tompson: The opportunity to meet yourself, your directors
and your plant is something | had long looked forward. | have
acquainted with your products and 1’d like to ask you some questions.

Mr. Roberts: We’ll be glad to answer them.

Mr. Tompson: Have you made semiconductor lasers for a long-
distance call?

Mr. Roberts: Yes, we have, it’s one of the ways of our work.

Mr. Tompson: What properties depend on the direction of
motion within a given material?

Mr. Roberts: The disparity between the two types of
semiconductors originates from the fact that conduction electrons and
holes experience separate dynamics in various materials. Not only do
the energy and momentum of these charge vary from one substance to
another.

Mr. Tompson: What explains why most light-emitting
semiconductors consist of direct-band-gap materials such as GaAs?

Mr. Roberts: In direct-band-gap semiconductors, when an
electron drops from the bottom of the conduction band to the top of
the valence band, its momentum changes very little and the energy is
released as light with a wavelength inversely proportional to the band-
gap energy (where A=hc/Eg). But in semiconductors with indirectband
gaps, the same electron transition is accompanied by shift in
momentum. Therefore, much of energy is released as heat. This
explains why most light-emitting semiconductors consist of direct-
band-gap materials such as GaAs.
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Mr. Tompson: | very much appreciate your kindness and that of
Mr. Forst in showing me round the new plant. | thank you once again.
Mr. Roberts: You are always welcome.

XX. Continue the dialogue:

Mr. Roberts: Please, prepare the Questionnaire for qualification
test for new workers.

Mrs.Crown: . ....... .. ...

Mrs.Crown: ....................

XXI. Choose a partner and talk about semiconductor lasers
and their application.
XXII. Write a summary of the text.Limit it to 10 sentences.

PART 2

I. Read text B 3.2. Say whattechniques restrict the lateral
area of current flow through the active layer in gain-guided laser
diodes.

TEXT B3.2

DOUBLE HETEROSTRUCTURES. STRIPE GEOMETRY

"The earliest semiconductor lasers (also known as laser diodes,
junction lasers, or injection lasers) required fantastically high current
densities to reach laser threshold. Therefore they had to operate in
pulsed mode to avoid the catastrophic failure caused by heat build-up.
Cryogenic cooling and efficient heat-sinking were compulsory. In
fact, it wasn't until 1970 that continuous room-temperature operation
became through the development of double heterostructures.

Unlike the simple p-n homojunctions described above, a double-
heterostructure junction consists of a very thin (approximately 0.2
mkm) direct-band-gap semiconductor layer sandwiched between two
thicker semiconductor layers. The key to this design is that the thin p-
type layer - known as the active layer - is made from a material with a
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smaller band gap than the thicker p- and n-type layers on either side.
When this structure is forward-biased, the voltage injects holes and
electrons from the outer p- and n-regions into the central active layer,
where they become trapped between the potential-energy barriers
created by the wider-band-gap materials.

In a forward-biased double heterostructure, then, electrons and
holes can enter the active region. But they cannot escape as easily as
they can from a p-n homojunction. This so-called carrier confinement
enables a large number of electrons and holes to be packed into a
small volume, which, for a laser diode, translates into more gain,
lower threshold current, and higher efficiency. Of course, higher
efficiency means more light and less heat.

To achieve even greater efficiency, the active layer of a double-
heterostructure laser diode can be narrowed in two dimensions instead
of just one. This defines the fundamental approach of stripe-geometry
laser diodes, which make up the great majority of commercial laser
diodes in use today. Stripe-geometry diodes come in two basic
varieties: gain-guided and index-guided.

A number of techniques restrict the lateral area of current flow
through the active layer in gain-guided laser diodes. One simple
method is to lay down a grooved layer of an insulator such as silicon-
dioxide (SiO,) between the positively charged metal contact and the
test of the structure. This exposes a thin ribbon of metal from which
current can flow through the semiconductor layers. The strip of
current flowing through the active layer establishes the gain region of
the laser, which acts like a narrow waveguide for the light.

Index-guided laser diodes use a true waveguide structure to
optically confine the laser light to a narrow region of the active layer.
One of the most effective designs, the buried-heterostructure laser
diode, takes advantage of the naturally lower refractive index of wide-
band- gap materials to contain the laser light through total internal
reflection. In this device, a narrow active region is surrounded on four
sides by low-index, wide-band-gap material, which serves to contain
both the light and the charge carriers. Gain guiding also can be used
with this structure to concentrate current flow through the active
stripe.
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Dozens of gain-guided and index-guided laser-diode structures
have been developed for various applications. For example, the
electric current in gain-guided diodes can be confined by insulating
layers, proton-implanted regions, or even reverse-biased junctions. For
index-guided, the most important structures include buried
heterostructure, buried crescent, dual-channel planar buried
heterostructure, ridge waveguide, and channeled-substrate planar.

Because of the narrow confinement of charge carriers and light
made possible by index-guided structures (active stripes 1 mkm wide
are not unheard of), laser diodes based on this architecture are very
efficient. A narrow active region also generates a light, coherent beam
of light, which is why index-guided diodes are most often used for
optical communications, optical storage, and laser printing. Gain-
guideddiodes generate a broader, less-coherent light beam, but this
allows them to reach higher powers then index-guided diodes."[11]

Il1. Look through text B3.2 and answer the following
questions:

1. What did the earliest semiconductor lasers require to reach laser
threshold?

2. Are semiconductor lasers also known as laser diodes, junction
lasers, or injection lasers?

3. Were cryogenic cooling and efficient heat-sinking compulsory?

4. What happens with the voltage when the structure is forward-
biased?

5. What becomes trapped between the potential-energy barriers
created by the wider-band-gap materials?

6. Can electrons and holes enter the active region?

7. Electrons and holes cannot escape as easily as they can from a p-n
homojunction, can they?

8. What defines the fundamental approach of stripe-geometry laser
diodes?

9. What two basic varieties stripe-geometry diodes come in?

10. What does index-guided laser diodes use?
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5.
6. Index-guided laser diodes use ...

7.

8.
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I11. Complete the following sentences using the text.

. In fact, it wasn't until 1970 that ...
. Unlike the simple p-n homojunctions described above, a double-

heterostructure junction consists of ...

. The key to this design is that ...
. Higher efficiency means ...
. To achieve even greater efficiency, the active layer of a double-

heterostructure laser diode can be ...
One simple method is ...

One of the most effective designs, the buried-heterostructure laser
diode, takes advantage of ...
Gain guiding also can be used with ...

9. A narrow active region also generates ...
10. Gain guiding also can be used with this structure to concentrate ...

IV. Agree or disagree with the ideas given below. Use the

following phrases:

You see ...; as for me...; in my opinion...; | can say that...; | think

SO...

1.

Semiconductor lasers had to operate in pulsed mode to avoid the
catastrophic failure caused by heat build-up.

. Like the simple p-n homojunctions described above, a double-

heterostructure junction consists of a very thin (approximately 0.2
mkm) direct-band-gap semiconductor layer.

. In a forward-biased double heterostructure electrons and holes

cannot enter the active region.

. This so-called carrier continement enables a large number of

electrons and holes to be packed into a small volume.

. Higher efficiency means less light and more heat.
. Stripe-geometry laser diodes make up the great majority of com-

mercial laser diodes in use today.

. In this device, a narrow active region isn't surrounded on four sides

by low index.

. Gain guiding also cannot be used with this structure to concentrate

current flow through the active stripe.
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9. Dozens of gain-guided and index-guided laser-diode structures
have not been develoed for various applications.

10. The most important structures include buried heterostructure,
buried crescent, dual-channel planar buried heterostructure, ridge
waveguide, and channeled-substrate planar.

V. Find the sentence which expresses the main idea of each
paragraph of text B3.2. Entitle each paragraph.

V1. Make up and write the scheme of text B3.2 using titles of
each paragraph.

VII. Make up your questions to text B3.2. Ask your friends
these questions.

VIII. Using the material of the text above, write the main
points according to the questions (VII). Use the following
conversation phrases: | think it is right because ...; | think it is
important ...; It is interesting to know ...

IX. Say what information about semiconductor lasers you
have known and which is new.

X. Write a summary of the text.

XI. Make up a topic on the theme “Semiconductor lasers and
their application in different branches of industry”.

XI1. Write the following words in alphabetical order:

a) injection; bundle; fiber; attenuation; junction; approximation;
crystal; speed; projector; spectrum; filter; emission; test; peak.

b) dye; density; dumper; decoder; duration; damping; deflection;
dispersion; discharge; decay.

XI11.Find what words form the following compound words:

thermonuclear; minilaser; waveplate; autocorrelation; waveguide;
microspectrophotometer; heterostructure; multispectral;
monochromatism.
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XIV. Use a dictionary to find synonymous words with the
folloving words:

unbounded; outside; indefinite; retardation; uniform; smooth; overall;
incurvity; rough.

XV. Choose English words which have the same meaning in
Russian language:

rely; check; relay; linearly; index; active; cubic; control; actual;
camera; bob.

XVI1. Use a dictionary and find antonyms of the following
words and expressions:
incondensable; incomplete; negative; total; solid; low; adjusting;
specific; advanced.

XVILI. Use a dictionary and find Russian equivalents of
the following words and expressions:
semiconductor fabrication techniques; metal-organic chemical
vapor deposition; the motion of electrons and holes; to split into
discrete subbands; a conduction subband and a valence subband; a
single double-heterostructure junction; can be fine-tuned by adjusting
the active-layer thickness.

XVIII. Find in text C3.2 English equivalents of the following
words and expressions:
C pasBUTHUEM HOJIyrIpOBOI[HPIKOBOfI TEXHUKU, MOJICKYJIAPHO-IyUCBas
SIUTAKCHS, YPE3BbIYAHO TOHKHME CTPYKTYpbI, TOJIIMHA AKTUBHOTO
CJI0s1; BAJICHTHBIE CBA3M; JIBOWHOU reTepONEPEX0/I; MOPOTOBBIA TOK.

XIX. Read text C 3.2.

Say what effect implies that the wavelength of emitted light
can be adjusted by varying the thickness of the active layer.

TEXT C3.2
QUANTUM-WELL STRUCTURES

"With the development of advanced semiconductor fabrication
techniques such as molecular-beam epitaxy and metal-organic



144

chemical vapor deposition (MOCVD), it has become possible to grow
extremely thin structures. Using MOCVD, for example, it is feasible
to grow layers just a few atoms thick.

Now if the thickness of the active layer in a double
heterostructure falls below about 50 nm, the motion of electrons and
holes is severely limited in that one dimension. This changes the
overall energy and momentum of these charge carriers within the
material, which modifies the optical properties in significant ways.

One important effect is that the conduction band and valence
band each split into discrete subbands with energy distributions that
depend on the thickness of the material. Another consequence is that
the probability of a transition between a conduction subband and a
valence subband changes. The first effect implies that the wavelength
of emitted light can be adjusted by varying the thickness of the active
layer, and the second effect ends up making a population inversion
easier to attain.

A laser diode fabricated from a single double-heterostructure
junction with an active layer less than 50 nm thick is called a single-
guantum-well (SQW) laser. SQW lasers have higher gain and much
lower threshold currents than conventional double-heterostructure
devices. Also, the light output is substantially more coherent and has a
wavelength that can be fine-tuned by adjusting the active-layer
thickness."[11]

XX. Retell text C3.2using the following phrases:

It is well-known that...; I'd like to say...; may be called...; |
would advise to call your attention to ...; it is interesting that ...; |
should say that ...
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. Read
pronunciation:

liquid
dye

solvent
span

chamber
originate
desire

coherence
plastic

congenital
wart
vein
scar

acceptance

prompt
aware
damage

amaze
worth
propel

PART 1
and learn the following words, mind their

['likwid] 1. sxuakuii; 2. KAOKOCTh
[dai] 1. kpacuTesb; 2. OKpaIinBaTh
['solvent] 1. pacTBOpPHUTEIb; 2. PACTBOPSIFOIHIA
[speen] 1. mepuon BpeMeHH; JUAaIa3oH;

2. U3MEPSITh; OXBATHIBATh
['fermbs] Kamepa

[o'rid3(o)nert]  maBarh Hauaso; MOPOXKIATH; CO34aBATH
[di'zaig] 1. xeranue; mpocroa,;
2. )KeJaTh, XOTETh
[kau'hierans] korepeHTHOCTBH
['pleestik] 1. miacTuueckuii;
2. IIacTMacca; IIacTHYHOCTh
[kan'dzenit(a)l] npupoxaeHHBI; BPOkKIEHHBIH

[wo:t] HapOCT

[ve1n] NPOKHJIIKA; KPOBEHOCHBIN COCY T

[sko:] 1. pyOerr; 2. OCTaBJIATH LIpaMm;
pyO1eBaThCs

[ok’septans] 1. mpuHsITOE 3HAYCHHUE CIIOBA;
2. IpUHSTHE, TIPUEM

[prompt] OBICTpBINA; TOUHBIH

['wead] 3HAIOIIMN; CO3HAIOIINI

[deemid3] 1. nmoepexnenue; yiepo;
2. IOBpEXIaTh, HAHOCUTH YIIEpO

['meiz] YAUBJISIT; IOpaXaThb
[wa:0] IEHA; JOCTOMHCTBO
[pro'pel] 1. npoaBUraTh Bepe/; TOJIKATH;

NPUBOJIUTH B IBUKCHUC,
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2. IBUTATh, CTUMYJIMPOBATH;
3. IoOyX1aTh
treatment [tri:tmant] . ob6paboTka; neueHwue; yXoa

I1. Read and translate the following phrases:

liquid lasers to generate broadband laser light

dye lasers the vibrational and electronic states

to span the spectrum to split the electronic energy levels

the dye solution skin resurfacing and hair removal

a flow cell to be contained by a transparent chamber
diffraction grating the forefront of clinical application
dye-laser treatment burn-depth diagnosis and debridement
permanent damage study of laser-tissue interaction

I11. Read and guess the meaning of these words:

elliptical [T'lzptzk(a)I] monolithic [monau'liBik]
massive ['masiv] elegant [‘elagant]
momentum  [mau'mentam] proportional  [pra'po: [anl]
index ['indeks] metal ['metl]
concentrate  ['konsantreit] phase [feiz]

organic [0:'geenik] quantum ['kwontem]

configuration[kan’figju'rexf(s)n]diffraction [di'fraek fon]

IV. Learn to read the words:

[1:]he, see, been, region, treatment, between, species
[2] worker, chamber, propel, congenital, aware, amaze
[u:] too, look, tissue, groove, dooms

[K] clock, check, luckily, crack

V. Word Study .

to dissolve — to become liquid
to dye - to colour (sth), especially by dipping in a liquid
chamber - room; enclosed space or cavity in the body of animal, in a
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plant or in some kinds of machinery

treat - thing that gives great pleasure

treatment - process or manner of treating sb or sth
scar - mark left on the skin by a wound, sore, etc
attain - succeed in getting (sth); achieve

prompt - done without delay; punctual

aware -  having knowledge or realization of sh/sth
worth - having a certain value

drug - substance used as a medicine or in it

LOOK, READ, REMEMBER!
-0us
noun + -less =adj
-ful
beauty + -ful = beautiful
danger +-ous = dangerous
aim  +-less =aimless

VI.a) Make up adjectives from the nouns:

paper - event - oner -
mother - nerve - power -
spot - net - precocity -
regard - odour - remorse -

b) Fill in the blanks with suitable words:

A major limitation of that approach remains the (need/needless)
for good optical amplifiers. Output (power/powerful) is limited by
filamentation damage. It is hoped to incorporate such displays having
a plastic substrate into credit cards and (variety/various) types of
smart card. They will provide adapt and optimise liquid crystal
technologies for (use/useful) in reflective (colour/colourful),
supertwist passive and active matrix LCD devices.

VII. Translate the following sentences. Define the meaning
of the words which are put in italics (the nouns, the adjectives or
the verbs).
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1. If the transmission medium is infinitely long, one could
expect that this energy propagate outward forever if the mediium is
lossless or slowly degrade into heat if the losses are finite. 2. It begins
and ends a trifle more gradually since it is a continuous function. 3. It
is usually advantageous to send the readings from a number of
instruments over the same fiber. The relative advantages of FDM
stem from the fact that each input signal is always available.

GRAMMAR

REVIEW

THE INFINITIVE

Indefinite

m<——0>

1. ITociieMomaIbHBIX
IJ1aroJIoB can, may,
must, should u mocie
riarososlet, make 6e3
qacTHUIlsI 0.

2. JleiicTBUE, BRIpAXKEH-

HOE UH(PHUHUTHBOM,

OJTHOBPEMEHHO C JIEHUCT-
BHEM TJIaroya ckasye-
MOTO.

I canrepair this device.
(A moey nouunume
amom npu6op)

Let me help you. (ITo-

360.1b 51 nNOMO2Y mebe)

It was necessary to help

him. (Bo1o neobxooumo

nomouw emy) Ineedto
buythatbook.(Mke neob-

XOOUMO KYRUmMo my KHUSY

Continuouse

Beipaxaet nelicteue
KOTOpOE JUIUTCS B TO
BpeMs, KOrja Mpoucxo-
XOJIUT JCHUCTBUE IJ1aro-
JIa-CKa3yemoro.

It was pleasant to be
speakingwithyouagain.
(Bvironpusimio croéa ¢
moboll pazeosapueams)

Perfect

Brlpaxaer nelicTue,
KOTOpOE IMPEIIECTBY-
€T IeHCTBUIO, BBIpa-
KEHHOMY IJ1arojoM-
CKa3yeMbIM, WU IIPO-
UCXOIUT paHee
KaKoW-M100 CUTyannuu

lamgladtohavedone
mywork. (4 pao, umo
yarce coenan ceor pabo-
my)

IToka3eIBaeT, YTO BBI-
paXXeHHOE UM JeHCT-

lamgladtohavebeen
listeningtoyou. (A pao,
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Continuouse
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BHE€ HAYaI0Ch JI0
JIEHCTBHA TJIaronia-
CKa3yeMoro | Bce
ellle IPOJI0JIKACTCS.

umoyarce oasno (6ce amo
epemst) cayuiaro meost)

M<—»WWw>T

Indefinite

[TaccuBHBIN HHDHHY-
THUB BbIPaXKaeT JAEHCT-
BHE, KOTOPOE HCIThI-
THIBACT JIMIIO WM
npeaMer, 0003HaveH-
HBIN OJJICIKAIIIUM.

lam (always) glad to be
invitedbyhim. (Mhe scee-
0a npusmuo, Ko2oda ou
MeHsL npueiauiaem)

Perfect

BripaxxaetaeiicTeue,
KOTOPOE HMCITBITHIBAIIO
JIUTIO WM TIPEIIMET,
0003HaYEHHBIN 10-
JISKAIUM, paHee Ka-
KOH-TIN0O cuTyanuu
WJIH IeUCTBHUS, BBIpA-
SKEHHOTO TJIaroJIOM-
CKa3yeMBbIM.

I am glad to have been
invited. (4 pao, umo
MEHST nPUIACUNU)

VIII. Replace the group of words in italics by an infinitive or
an infinitive construction. For example,
It is important that you should write this report.

It is important for you to write this report.

1. It is necessary that the material modifies the optical properties
in significant ways. 2. We heard that the professor has read his lecture
this week. 3. She would be delighted if you could visit us. 4. Don’t
promise that you will do it, if you are not sure. 5. The engineer was
very proud that he had repaired that device. 6. The student seems that
he is taught a lot. 7. Is it likely that he will arrive in two days?

IX. Read and translate text A 4.2

TEXT A42

LIQUID LASERS. SOME APPLICATIONS OF

PULSED-LASERS
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"Liquid lasers are opticaly pumped lasers in which the gain
medium is a liquid at room temperature. And the most successful of
all liquid lasers are dye lasers. These lasers generate broadband laser
light from the excited energy states of organic dyes dissolved in liquid
solvents. Output can be either pulsed or CW and spans the spectrum
from the near-UV to the near-IR, depending on the dye used.

The large organic molecules of the dye are excited to higher
energy states by arc lamps, flashlamps, or other lasers such as
frequency-doubled Nd:YAG, copper-vapour, argon-ion, nitrogen and
even excimer. The dye solution is usually pumped transversely
through the laser cavity and contained by a transparent chamber called
a flow cell.

Broadband laser emission originates from interactions between
the vibrational and electronic states of dye molecules. Dye molecules
split the electronic energy levels into broad energy bands. Optics such
as a prism or diffraction grating can be used to tune to a desired
frequency.

The efficiency, tunability, and high coherence of dye lasers
make them ideal for scientific, medical and spectroscopic research. In
addition, their broadband emission makes them particularly well
suited for generating ultrashort laser pulses.

Advances in pulsed-laser and scanning technology have led to
new cosmetic procedures - in particular, skin resurfacing and hair
removal - that are propelling laser technology into the public spotlight
and turning the dermatology and plastic-surgery markets into a
potential gold mine. In addition, Q-switched laser treatment of
congenital nevi and dye-laser treatment of leg veins, acne scars, and
warts are among several laser procedures at the forefront of clinical
application.

Other applications - including photodynamic therapy for
psoriasis, burn-depth diagnosis and debridement, and hair transplants -
are the focus of ongoing research that should result in practical uses in
the near future.

Together, these procedures are helping lasers attain a new level of
acceptance within the medical community and even the general
public. They are also prompting closer study of laser-tissue interaction
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and its implications in the clinical setting. “Practicing dermatologists
and clinicians have become more aware of the physical events - rapid
heating, thermal damage, and particle fragmentation - that underlie
interactions between pulsed lasers and tissue,” - says R. RoXx
Anderson, associate professor of dermatology from Harvard Medical
School, - “ but it is still amazing that we use these tools, and we know
they work, but we don't always understand why.”

Questions such as these have prompted additional studies of the
relationship between lasers and the physical properties of tissue. For
instance, researchers at Wellman Laboratories are studying laser-
induced stress waves to determine their effects on cellular and
subcellular tissue properties. Other studies are looking at how tissue
responds to thermal damage.

In the past years, numerous laser-tissue interaction studies
involving collagen have been conducted. Researchers understand the
optical-property changes that take place in collagen during lasing can
provide information about tissue response and help to determine
optimal dosimetries for specific applications. Other research has found
that laser energy stimulates collagen regrowth during wound healing.
If researchers can control the depth of penetration more precisely, they
can take advantage of this process.

Additionally, biopsy studies conducted by Fitzpatrick and
colleagues have shown that even if the laser energy goes too deep,
there is no permanent damage from the resulting wound.

To list all the lasers and applications used in dermatology today
would fill several pages; still, a few more are worth nothing. Low
levels of laser energy could be an effective alternative to the costly
drug therapies currently used to treat chronic diabetic skin conditions.
Further research is under way."[12]

X. Match the English words on the left with theirRussian
equivalents:

1. prompt 1. pemretka
2. index 2. pacTBOp
3. grating 3. KpacuTeb
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4. solution 4. 3HAIOIIHI
5. dye 5.TOYHEIH

6. aware 6. opraHuYeCKuii
7. amaze 7. KOTEPEHTHOCTh
8. organic 8. ko3 urment

9. treatment 9. NpoHUKHOBEHHE
10. coherence 10. xenatpb

11. liquid 11. nopaxatb, U3yMJISITh
12. penetration 12. 1ByX4acTOTHBIH
13. desire 13. xamepa

14. frequency-doubled 14. KuaKOCTh

15. chamber 15. neyenune

XI. Choose the best equivalents of the words on the left from
the words on the right. Example: damage — loss.

1. solvent a) state, b) accesory, c¢) dissolving, d) strain

2. span a) condition, b) period, c) time, d) level

3. effect a) order, b) command, c¢) advice, d) result

4. transverse  a) intermediate, b) parallel, c) cross, d) high

5. cell a) camera, b) chamber, ¢) room, d) flat

6. tune a) support, b) offer, c) agree, d) be according to
7. advance a) success, b) treatment, c¢) grating, d) line

8. attain a) reach, b) achieve, c) collect, d) draw

9. damage a) send, b) correct, c) cross, d) loss

10. prompt a) fast, b) efficient, c) clever, d) expire

XII. Translate the sentences, using the following words and
phrases: liquid lasers, optically pumped lasers, the gain medium, dye
lasers, the dye solution, broadband laser emission.

B JXKHIKOCTHBIX Ja3epaxakTUBHOM CpeNod CIIyXaT pacTBOPBI
WM Heopranudyeckue coeauHeHus. lllupokoe pacmpocTpaHeHHe
MOJMYYWJIM JKUAKOCTHBIE JIa3epbl Ha pacTBOpax OPraHMYECKUX
kpacurenedl. OHHM JalOT BO3MOXKHOCTb OCYILIECTBUTh IUIABHYIO
HEePECTPOIKY 4acTOThl M3JTyYeHUs B mpenenax mupokoi (zo 100 Hwm)
I0JIOCH] JIFOMUHECLEHIIMU KpacuTeis. IlepecTpoiika ocylecTsisieTcs
C TOMOIIIBIO JTUCTICPCHOHHBIX AJIEMEHTOB (MpH3M, MH(PaKIHOHHBIX
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pEIIeTOK), PacIoOKEHHBIX BHYTPH pe30HaTOpa Jasepa. Hakauka
OCYIIECTBISICTCS JIAMIIAMHU-BCIIBIIIKAMU WM JPYTHMHU Jlazepamu. B
mporiecce HaKayKd PacTBOp KPacUTellsh HEMPEephIBHO MPOKAYMBACTCS
gepe3 001acTh BO30YKICHUS.

XIll. 1. Give the Russian equivalents of the following
expressions:

dye lasers; generate broadband laser light; spans the spectrum
from the near-UV to the near -IR; frequency-doubled; dye solution;
diffraction grating; high coherence; ultrashort laser pulses; skin
resurfacing and hair removal; potential gold mine; dye-laser treatment
of leg veins; the forefront of clinical application; burn-depth diagnosis
and debridement; focus of ongoing research; in the clinical setting;
rapid heating; thermal damage; particle fragmentation; to list all the
lasers; the costly drug therapies; to treat chronic diabetic skin
conditions; under way.

Equipment design; the overall size; the electronic hardware; a
miniaturized display and components; virtual-reality headsets; hand-
held paperless fax machine; head-up display; a video-rate transfer; a
safety railing;an electronic transparency; a built-in floppy disk driver.

2. Find in the text the equivalents of the following
expressions:

KHUIKOCTHBIE JIa3epbl, Hanbojee yAadHbIe W3 BCEX; JMANA30H
CHeKTpa OT OmmkHeH ynbTpaduoiIeToBO o00macTu 10 OmmKHen
WHPPAKPACHOI; JIBYX4aCTOTHBIN; pactBop KpacHTeJIs,
ndpakoOHHas penleTKa; BhICOKAas KOTEPEHTHOCTh, CBEPXKOPOTKHE
JIa3€PHbIC I/IMHYJ'ILCBI; TEXHOJIOI'Us CKaHI/IpOBaHI/IS[; I1acTH4YCCKast
XUPYPTHUs; BOCHAJCHHbIC WIpambl; (oToaMHAMHYHAsL Tepanws; B
HelaJeKkoM OyAylleM; TpPOWTH YCKOPEHHOE JOMOJHHUTENBEHOE
W3ydYeHHe; BO3JICHCTBUE Jla3epoB Ha (PU3MUYECKHE CBOWCTBA TKAaHH,
3aIOJHIIIO OBl HECKOJIBKO CTPaHUII.

Pazmep kakmoil cocTaBisiiolIeH; ONTHYECKHH MyTh; COTHH M
TBICSYH MUKpO3EpKal; WHIWBUAYAIEHO HalpaBJICHHBIH;
MPOSKIIMOHHAs TaHeNlb;, WCTOYHWUK WH(OpPMAIMH; PpEe3yJIbTaThl HE
BCerja npeacKa3yeMsl.
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XIV. Look through the text again. Read the following
statements. Compare your version and if you think they are
wrong correct them.

1. Output can be pulsed and spans the spectrum from the near-UV to
the near-1R, depending on the dye used.

2. The dye solution is usually pumped transversely through the laser

cavity.

. Dye molecules cannot be used to tune to a desired frequency.

4. Advances in pulsed-laser and scanning technology have led to new
branches of industry.

5. Q-switched laser treatment of congenital nevi and dye-laser
treatment of leg veins, acne scars, and warts are among several
laser procedures at the forefront of clinical application.

6. Other studies aren’t looking at how tissue responds to thermal
damage.

7. If researchers cannot control the depth of penetration more
precisely, they cannot take advantage of this process.

8. Biopsy studies haven’t shown that even if the laser energy goes too
deep.

9. There is some permanent damage from the resulting wound.

10. Low levels of laser energy could be an effective alternative to
the costly drug therapies currently used to treat chronic diabetic
skin conditions.

11. The most successful of all liquid lasers are dye lasers.

12.  Output can be only CW and spans the spectrum from the far-Uv
to the near-1R, depending on the dye used.

13. The dye solution is usually pumped transversely through the
laser cavity and contained by a transparent chamber called a flow
cell.

14. Dye molecules don't split the electronic energy levels into broad
energy bands optics.

15. Their broadband emission cannot make them particularly well
suited for generating ultrashort laser pulses.

16. Advances in pulsed-laser and scanning technology have led to
new cosmetic procedures.

w
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17. Researchers have never studed laser-induced stress waves to
determine their effects on cellular and subcellular tissue properties.

18. Some research has found that laser energy stimulates collagen
regrowth during wound healing.

XV. Complete the following sentences. Your answer must be
given in the text.

. Liquid lasers are ...

. These lasers generate broadband laser light from ...

. The large organic molecules of dye are ...

. Broadband laser emission originates from ...

. Advances in pulsed-laser and scanning technology have led to ...
. Other applications are the focus of ongoing research that ...

. They are also prompting closer study of ...

. Practising dermatologists and cliniciants have become ...

. To list all the lasers and applications used in dermatology today
would ....

O©CoOoO~NOoO Ok WNPE

XVI. Answer the following questions:

1. What is liquid laser?

2. How does it generate?

3. Can output be pulsed or CW?

4. What is the dye solution? How is it obtained?

5. What makes dye lasers ideal for scientific, medical and
spectroscopic research?

6. Where do people usually use Q-switched lasers?

7. Where have advances in pulsed-laser and scanning technology led?
8. Are several procedures helping lasers attain a new level of
acceptance within the medical community?

9. Why does professor R. Rox Anderson say that clinicians use lasers
and scanning technology and they work but clinicians don’t always
understand why?

10. What questions have prompted additional studies?

11. Is further research under way?
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XVII. Agree or disagree with the ideas given below. Use the
following phrases:
that's right...; that's wrong...; to my mind...; in my opinion...; |
agree with you...; I think so...

1. Lquid lasers are optically pumped lasers.

2. Their gain medium is a liquid at room temperature.

3. Numerous laser-tissue interaction studies involving collagen have
not been conducted.

4. Researchers understand the optical-property changes that take
place in collagen during lasing cannot provide information about
tissue response and help to determine optimal dosimetries for specific
applications.

5. And the most successful of all liquid lasers are dye lasers.

6. Output cannot be either pulsed or CW and spans the spectrum from
the near-UV to the near-IR.

7. The dye solution is usually pumped transversely through the laser
cavity and contained by a transparent chamber called a flow cell.

8. Low levels of laser energy could be an effective alternative to the
costly drug therapies currently used to treat chronic diabetic skin
conditions.

9. Broadband laser emission originates from interactions between the
vibrational and electronic states of dye molecules.

10. Advances in pulsed-laser and scanning technology have led to new
cosmetic procedures.

XVIII. Retell text A4.2 according to the scheme:

Liquid lasers are opticaly pumped lasers

Dye lasers

The pumping of the dye solution
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Broadband laser emission

The efficiency, tunability, and high
coherence of dye lasers

Advances in pulsed-laser and scanning technology

The liquid lasers and applications

laser-tissue cosmetic photodynamic Treatment of

interaction procedure || therapy chronic dia-
betic skin
conditions

XIX. Choose a partner and talk about application of pulsed-
lasers.

XX. Write a summary of the text in no more than 10
sentences.

PART 2

I. Read text B4.2. Say whyThe LCD projector is a self-
contained projection system.

TEXT B4.2
DISPLAY TECHNOLOGY. SELECTION BY SIZE
“Real estate is one of the most important concerns in equipment
design. Minimizing space requirements can drive many decisions. To

this effort, the engineer must be aware of not only the overall size of
the equipment but also the sizes of each of the components. Display
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sizing is under the same constraints, but design solutions to minimize
space have taken a variety of approaches.

The drive to smallness is limited by the ability of the human eye
to resolve the images. The display cannot be made too small or the
information becomes unreadable. The result has been that even though
the display size remains constant. It takes up proportionately more of
the equipment space than the electronic hardware associated with the
display, and the rest of the components shrink. The display visually
dominates the device.

An alternative solution addresses the problem of the user's
inability to resolve a small image, which has limited the development
of truly portable electronics products. With these solutions, these
products contain a miniaturized display and components.
Subsequently in the optical train, the image is magnified or projected
so that it can be seen. Several companies using these techniques have
shown products for gaming (virtual-reality headsets), business (hand-
held paperless fax machine) and military simulation (head-up display)
applications.

One of the products frequently discussed utilized Digital Light
Processing technology. This is projection arrangement that uses
hundreds of thousands of micromirrors, created on a microchip. Each
mirror is individually addressable, creating a vivid, beautiful colour
image on screen, capable of supporting video-rate transfers.

If the designer will not be using miniaturization techniques, then
the display must be large enough for the image to be seen at the
distance at which it will be observed. This display can be tiny if it is
for only one observer, for example, examining watch face. However,
if there is an audience of 20 trying to see computer or an inspector
must read a gauge from behind a safety railing, then the display's
image must be scaled to a size that can be seen. A projection display is
one solution that works for a group situation.

Projection displays come in several varieties. The projection
panel can be thought of as an electronic transparency in that it is a
framed LCD panel that is placed onto an overhead projector. The
information source is a slide show from an attached computer or a
built-in floppy disk driver. The overhead projector provides the
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illumination source and magnifying optics. The results are not always
predictable because the quality of the image is dependent upon the
overhead projector.

The LCD projector is a self-contained projection system, similar
to the old-fashioned slide projector. The "slides" are the electronic
data video image that can be up to 200 inches on the diagonal. The
output is of a predictably high quality. So the system is portable,
especially when compared to projection CRT monitors and three-
source projectors, although somewhat bulky and heavy.”[13]

Il. Look through text B4.2 and answer the following

questions:

1. Can minimizing space requirements drive many decisions?

2. What is limited by the ability of the human eye to resolve the

images?

3. The display visually dominates the device, doesn't it?

4. What has limited the development of truly portable electronics
products?

5. Have several companies using these techniques shown products for
gaming, business and military simulation applications?

6. What projection arrangement uses hundreds of thousands of
micromirrors?

7. Can display be tiny if it is for only one observer? Give the
example.

8. Is the LCD projector a self-contained projection system, similar to
the old-fashioned slide projector?

9. The "slides" aren’t the electronic data video image, are they?

10. The "slides" cannot be up to 200 inches on the diagonal, can
they?

I11. Complete the following sentences using the text.
1. The result has been that ...
2. Subsequently in the optical train, the image is ...
3. It takes up proportionately more of the equipment space than ...
4. One of the products frequently discussed ...
5. This is projection arrangement that ...
6. If the desiner will not be using miniaturization techniques, then ...
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7. This display can be tiny if ...

8. A projection display is one solution that

9. The information source is ...

10. So the system is portable, especially when ...

IV. Agree or disagree with the ideas given below. Use the

following phrases:
You see ...; as for me...; in my opinion...; | can say that...; |

think so...
1. Real estate is one of the most important concerns in equipment
design.
2. Display sizing isn't under the same constraints.
3. The display can be made too small or the information becomes
unreadable.
4. An alternative solution addresses the problem of the user's inability
to resolve a small image, which has never limited the development of
truly portable electronics products.
5. Each mirror is individually addressable, creating a vivid, beautiful
colour image on screen, capable of supporting video-rate transfers.
6. If there is an audience of 20 trying to see computer, an inspector
mustn't read a gauge from behind a safety railing.
7. The projection panel can be thought of as an electronic
transparency in that it is a framed LCD panel that is placed onto an
overhead projector.
8. The information source is a slide show from an attached computer
or a built-in floppy disk driver.
9. The "slides" are the electronic data video image that cannot be up
to 200 inches on the diagonal.

V. Find the sentence which expresses the main idea of each
paragraph of text B4.2. Entitle each paragraph.

V1. Make up and write the scheme of text B4.2 using titles of
each paragraph.

VI1I. Make up your questions to text B4.2. Ask your friends
these questions.
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VIII. Using the material of the text above, write the main
points according to the questions (VII). Use the following
conversation phrases: | think it is right because ...; | think it is
important ...; It is interesting to know ...

IX. Say what information about display technology you have
known and which is new.

X. Write a summary of the text.
XI. Make up a topic on the theme “The LCD projectors”.

XI1. Write the following words in alphabetical order:

a) X-rays; emit; resonator; yield; frequency; circuit; evolution;
band; parallel; axis; scanning; variable; mask; amplitude;
nematic.

b) pattern; prism; power; panel; pair; pump; pulsing; probe;
photon; profile.

XI11. Find what words form the following compound words:

photodynamic; photosensitive; flashlamp; multichannel,
broadbaand; wavelength; gasdynamic; viewfinder; waveguide;
lightweight.

XIV. Use a dictionary to find synonymous words with the
folloving words:
knob; mutable; slope; fibrous; mold; orthogonal; find; study;
complicated; destroy.

XV. Choose English words which have the same meaning in
Russian language:
kit; laboratory; material; processing; lack; logic; molecule; process;
zigsag.

XVI. Use a dictionary and find antonyms of the following
words and expressions:
single; shadow; quench; dead; zero-loss; repair; the same; gradually;
huge; weakness.
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XVII. Use a dictionary and find Russian equivalents of the
following words:
low-energy-laser tissue effects; superficial skin; diode-pumped
technology; a renaissance of sorts; to determine light-and-drug
dosimetries; a standard treatment modality for psoriasis.

XVIIL.
FindintextC4.2Englishequivalentsofthefollowingwords:
C TEXHOJIOTHYECKOMN CTOPOHBI, KIIMHHUYECKOC HCIIOJIb30BaHUE,
)ICpMaTOHOFI/ISI; IIPUBJICKATDH BHUMAHUC, (I)OTO‘IYBCTBI/ITCIH)HBIC
JICKApCTBA, JIa3€Phl HA KPACUTEIIAX,; CYILICCTBCHHOC YIIYUIICHHUE.

XIX. Read text C 4.2. Say about laser system for clinical use.
TEXT C4.2

OTHER LASERS AND APPLICATIONS

"On the application side, biostimulation may get a boost from
studies attempting to quantify low-energy-laser tissue effects. For
example, experiments at Rochester General Hospital Laser Center
have shown that superficial skin wounds in diabetic mice heal more
quickly following exposure to low fluences (5J/cm?) of argon-ion-
laser-pumped dye-laser energy than wounds left to heal by
themselves.

On the technology side, Lihtan Technologies (San Anselmo,
CA) recently introduced the first diode-pumped solid-state laser
system for clinical use , dispelling the notion that diode-laser costs
prohibit the development of effective diode-pumped technology for
dermatology. The erbium laser is also attracting attention, primarily
because of its potential to be a lowercost alternative to the CO, laser
for skin resurfacing.

Even the dye laser is experiencing a renaissance of sorts. This
laser is no longer just for treating port-wine stains. Among other
things, it is being used on telangiectasia, warts stretch marks, scars,
and psoriasis. In photodynamic therapy (PDT) are studied at the
Beckman Institute, for example, researchers teamed an argon-ion-
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laser- pumped dye laser with a second-generation PDT drug to
determine light-and-drug dosimetries and identify the most effective
photosensitive drug for treating psoriasis. Finding a drug that can
penetrate the thick layers of "fish scales" symptomatic of psoriasis has
been the primary obstacle to clinical implementation of this procedure.
Once this problem is solved, PDT is expected to become a standard
treatment modality for psoriasis.

Dye lasers are also proving useful in clearing acne scars. In a
recent study at the Washington Institute of Dermatologic Laser
Surgery (Washington, DC), significant improvement in texture and
appearance was observed after only one or two treatments with a
flashlamp-pumped dye laser. At six months, the effects were still
evident, suggesting they may be permanent.” [3]

XX. Retell text C4.2using the following phrases:

It is well-known that...; I'd like to say...; may be called...; |
would advise to call your attention to ...; it is interesting that ...; |
should say that ...
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PA3JIEJ I11:

JTOMOJIHUTEJBHBIN MATEPUAJI JIJIA
HEPEBOJA, PEOEPUPOBAHUA U
AHHOTHUPOBAHUA

UNIT 1.3

PART 1

Read the text.

Text A1.3

HISTORY OF OPTOELECTRONICS

“Many semiconductor materials other than silicon and
germanium exist, and they have different useful properties.
Compounds formed by the elements from column 11 of the periodic
table — such as aluminum, gallium, and indium — with those from
column V - such as phosphorus, arsenic, and antimony — are of
particular interest. These so-called 111-V compounds are used to make
semiconductor devices that emit light efficiently or that operate at
exceptionally high frequencies.

A remarkable characteristic of these compounds is that they can,
in effect, be mixed together. One can produce gallium arsenide, or
substitute aluminum for some of the gallium, or also substitute
phosphorus for some of the arsenic. When this is done, the electrical
and optical properties of the material are subtly changed in a
continuous fashion to the amount of aluminum or phosphorus used.
All these compounds have the same crystal structure. This makes
possible the gradation of composition, and thus the properties, of the
semiconductor material within one continuous crystalline body.
Modern material-processing techniques allow these compositional
changes to be controlled accurately on an atomic scale.

These characteristics are exploited in making semiconductor
lasers that produce light of any given wavelength within a
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considerable range. Such lasers are used, for example, in compact
digital audio disc players and as light sources for optical fiber
communication. A new direction in electronics employs photons
(packets of light) instead of electrons. By common consent these new
approaches are included in electronics, because the functions that are
performed are, at least for the present, the same as those performed by
electronic systems and because these functions usually are embedded
in a largely electronic environment. This new direction is called
optical electronics, or optoelectronics.

In 1966 it was proposed on theoretical grounds that glass fibers
could be made with such high purity that light could travel through
them for great distances. Such fibers were produced during the early
1970s. They contain a central core in which the light travels. The outer
cladding is made of glass of a different chemical formulation and has
a lower optical index of refraction. This difference in refractive index
indicates that light travels faster in the cladding than it does in core.
Thus, if the light beam begins to move from the core into the cladding,
its path is bent so as to move it back into the core.

During the late 1970s, fibers were made with smaller core
diameters in which the light was constrained to follow only one path.
This occurs if the core has a diameter about the same as the
wavelength of the light travelling in it — about 1 to 2 micrometers
(0.001 to 0.002 millimeter, or 0.000039 to 0.000078 inch). These
single-mode fibers avoid the difficulty described above. By 1993
optical fibers capable of carrying light signals more than 215
kilometers (135 miles) became available. Specialized fibers that
incorporate integral amplifying features show promise of being able to
carry light signals over transoceanic distances without the need for
conventional pulse regeneration measures. Optical fibers have several
advantages over the copper wires or coaxial cables so widely used in
the past. They can carry information at a much higher rate, they
occupy less space (an important feature in large cities and in
buildings), and they are quite insensitive to electrical noise. Moreover,
it is virtually impossible to make unauthorized connections to them.
Costs, initially high, had dropped by 1985 to the point where most
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new installations of telephone circuits between central telephone
offices and longer distances consisted of optical fibers.

Most current installations use a single light signal travelling in
one direction within an optical fiber. The light is provided by a solid-
state laser and detected at the receiving end by a semiconductor diode.
There is no reason that more than one light signal cannot be present at
one time in a fiber; many such signals have been sent down a single
fiber in laboratory tests. Each signal is of a slightly different
wavelength and can be separated from the others at the receiving end.
Signals also have been sent in both directions simultaneously in
laboratory. New terminal equipment can be retrofitted to allow fibers
now in service to carry much more information than they were
originally intended to do, and this is in fact beginning to occur.

A second phase of optoelectronics was being developed during
the late 1980s, but the improved system was not expected to be in
service for several years. Given the fact that communication signals
arrive at a central switching office in optical form, it is attractive to
consider switching them from one route to another by optical means
rather than electrically, as is done today. The distances between
central offices in most cases are substantially less than the distance
light can travel within a fiber. Optical switching would make
unnecessary the detection and regeneration of the light signals, steps
that are currently required. The principles of an optical central-office
switch are already understood, though much research is still needed to
provide the new optical components and new manufacturing
technology required to produce such a switch.

A third direction in optoelectronics is to build faster computers
and faster integrated circuits. A key problem in developing faster
computers and faster integrated circuits to use in them is related to the
time required for electrical signals to travel over wire
interconnections. This is a difficulty both for the integrated circuits
themselves as well as for the connections between them. Under the
best circumstances, electrical signals can travel in a wire at about 90
percent of the speed of light. A more usual rate is 50 percent. Light
travels about 30 centimeters in a billionth of a second. Modern
supercomputers operate at speeds of more than 1 billion operations per
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second. Thus, if two signals that start simultaneously from different
sites are to arrive at their destination simultaneously, the paths they
travel must not differ in length by more than a few centimeters.

Ultimately, as computers operate even faster, a radically new
technique must be used. Optical communication between integrated
circuits is one possible answer. Light beams do not take up space or
interfere with cooling air. If the communication is optical, then the
computation might be done optically as well. Optical computation will
require a radically different from of integrated circuit. Such integrated
circuits can in principle be made of gallium arsenide and related I11-V
compounds. These problems are currently under serious study in
research laboratories.” [1]

? Comprehension Check

1. Make the right choice:
1) Semiconductor materials are a) oxygen
b) silicon and germanium
C) copper
2) All these compounds have  a) the same crystal structure
b) various crystal structures
c) single crystal structure
3) The outer cladding has a) a lower optical index of reflection
b) a higher optical index of refraction
c) a lower optical index of refraction
4) Electrical signals can travel a) at about 90 % of the speed of light

in a wire b) at about 40 % of the speed of light
c) at about 60 % of the speed of light
5) These characteristics are a) in making gas lasers exploited

b) in making solid state lasers
¢) in making semiconductor lasers

2. Read the following statements and agree or disagree or say «l
don’t know».

1) Compounds formed by the elements from column Il of the
periodic table are of particular interest.
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2) A remarkable characteristic of these compounds is that they cannot
be mixed together.

3) All these compounds have the same crystal structure.

4) The distances between central offices in most cases are
substantially less than the distance light can travel within a fiber.

5) Light beams take up space or interfere with cooling air.

3. Answer the following questions:

1) What allows to control the compositional changes accurately on an
atomic scale?

2) What difference in refractive index indicates that light travels faster
in the cladding than it does in core?

3) Can the light be provided by a solid-state laser and detected at the
receiving end by a semiconductor diode?

4) Why are the so-called I1I-V compounds used to make
semiconductor
devices?

5) Where are semiconductor lasers used?

4. Write text annotations (about 250 words).

Working with Vocabulary and Grammar

4. Put the words below in the right column according to their
parts of speech:

different, efficiently, direction, central, computation, exceptionally,
communication, radically, destination, electrical, several.

Noun Adjective Adverb

5. Translate the sentences paying special attention to the words in

italics.

1) Each wave displays the same relationships of wavelength,
frequency, period, velocity of propagation, amplitude, and phase.
Each wave is subject to the same condition of reflection and
refraction.
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2) All these compounds have the same crystal structure.
3) They can carry information at a much higher rate.
4) A new direction in electronics employs photons (packets of light)

instead of electrons.

5) If the communication is optical, then the computation might be

done optically as well.

6. Open the brackets to make the sentences complete.
1) It (make) possible the gradation of composition.
2) They (contain) a central core in which the light (travel).
3) It (be) attractive to consider switching them from one route to
another by optical means rather than electrically.
4) Light (travel) about 30 centimeters in a billionth of a second.
5) Light beams (not, take up) space or interfere with cooling air.

7. Match a statement with a suitable ending and translate them:

1) Many semiconductor materials
other than silicon and germani-
um exist,

2) This makes possible the grada-
tion of composition,

3) If the light beam begins to move

not
from the core into the cladding,

4) Each signal is of a slightly
different wavelength

5) Thus, if two signals that start
simultaneously from different
sites are to arrive at their desti-
body,

RiDiscussing the text

8. Discuss the following:

its path is bent so as to move it
back into the core.

and can be separated from the
others at the receiving end.
the paths they travel must

differ in length by more than a
few centimeters.

and they have different useful
properties.

and thus the properties, of the
semiconductor material within
one continuous crystalline
nation simultaneously,

1) semiconductor lasers are used in compact digital audio disk
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players and as light sources for optical fiber communication;

2) a new direction in electronics employs photons (packets of light)
instead of electrons;

3) new terminal equipment can be retrofitted to allow fibers now in
service to carry much more information than they were
originally intended to do;

4) this new direction is called optical electronics, or optoelectro-
nics;

5) optical switching would make unnecessary the detection and
regeneration of the light signals.

9. Prove the following choosing the facts from the text:

1) all semiconductor compounds have the same crystal structure;

2) there is no reason that more than one light signal cannot be present
at one time in a fiber;

3) much research is still needed to provide the new optical
components and new manufacturing technology;

4) communication signals arrive at a central switching office in optical
form;

5) a radically new technique must be used.

10. Give some more information to the following:

1) semiconductor materials other than silicon and germanium;

2) a remarkable characteristic of these compounds;

3) a new direction which is called optoelectronics;

4) a key problem in developing faster computers and faster integrated
circuits to use in them;

5) modern supercomputers.

PART 2

Read the text.
Text B1.3

LIQUID-CRYSTAL DISPLAYS
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“Ligquid crystals were discovered in 1889 when the Austrian
botanist Friedrich Reinitzer observed a curious, cloudy melting
behaviour in certain pure organic compounds, which he and the
German physicist Otto Lehman ascribed to a transition to fourth,
liquid-crystalline state of matter. Some organic compounds, in
particular rod-shaped ones, partially melt to a liquid-crystalline phase
at a precise transition temperature. In this phase, the three-dimensional
crystal lattice structure disappears, and the material may flow like a
liquid, yet a long-range orientational order of the molecules is
retained, giving the material some crystal like properties. At a second,
higher temperature this liquid-crystalline state undergoes another
transition to an ordinary liquid.

Many kinds of liquid-crystal phases are known but generally
only the nematic phase is used in liquid-crystal displays (LCDs).
Averaged over time, the elongated molecules in any locality of the
nematic phase all point in the same direction, which is known as the
local optic axis or director. This direction can be influenced by the
walls of the container or by an electric or magnetic field. The built-in
direction causes certain physical properties to have one value
measured parallel to the director and another measured perpendicular
to it. Particularly important for LCDs are the differences, or
anisotropies, in dielectric constant and refractive index measured in
the two directions. For most display applications, these anisotropies
should be large and positive. In this case, a potential difference of only
a few volts applied across the liquid crystal is sufficient to reorient the
director parallel to the electric field and away from the container
walls. The refractive index anisotropy ensures that a reorientation of
the liquid crystal will be accompanied by a change in the amount of
light transmitted by the display.

The first LCD, demonstrated at Radio Corporation of America
(now RCA Corporation) laboratories in 1963, used an effect known as
the dynamic scattering mode (DSM), which caused the liquid crystal
to turn cloudy and scatter light under an applied voltage. The low
power consumption of this device, which is the result of its ability to
modify ambient light rather than generate light of its own, and its
voltage compatibility with the newly developed integrated circuits
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gave this display many advantages over other flat-panel displays of
the time. Although no longer used because of poor view ability and
lifetime, DSM displays proved the feasibility as well as the enormous
potential of LCDs.

The next generation of LCDs used the twisted nematic (TM)
effect, developed at Hoffman-La Roche, Inc., in 1971 and still used in
watches and calculators today. The upper and lower substrate plates of
a TN display are separated by a narrow gap of about 8 m and carry
patterned, transparent conductive coatings of indium tin oxide on their
inner surfaces. The transparent electrodes have thin polymer coatings
several hundred angstroms thick that are unidirectionally rubbed to
align the director of the liquid crystal at the surfaces parallel to the rub
directions. The upper substrate is rubbed at right angles to the rub
direction of the lower substrate, so that, when no voltage is applied,
the director of the liquid crystal undergoes a continuous 90° twist in
the region between the substrates. Polarizer sheets are oriented on
both sides of the display in such a way that the direction of vibration
of the linear polarized light is parallel to the rub direction of the
adjacent alignment layer at each substrate. Linear polarized light from
the upper polarizer propagates through the liquid-crystal layer and
rotates its plane of polarization in step with the twisted structure. The
light then emerges at the bottom of the liquid-crystal later polarized
parallel to the transmission axis of the lower polarizer, where it passes
through.

Application of 3-5 volts across the upper and lower electrodes
orients the optic axis in the central portion of the liquid-crystal layer
predominantly to the electric field and perpendicular to the plates,
which untwists the structure and destroys its polarization rotating
capacity. The polarized light passing through the cell now intersects
the second polarizer in the “crossed” position, where it is absorbed,
causing the activated portion of the display to appear dark. The
display also can be operated in a reflective mode by putting a diffuse
reflector behind the display; ambient light passing through the display
is reflected and simply retraces its path back to the viewer.

The first TN displays were used in low-information-content
watch and calculator applications, in which the digits O through 9 are
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formed by applying voltages between appropriate combinations of
segmented electrodes and a common backplane. To adequately
display information in the form of text, graphics, and pictures, a high-
information-content dot matrix composed of many thousands of
independently addressable picture elements, or pixels, is required. A
Video Graphics Array computer screen, for example, consists of an
array of 640 by 480 dots resulting in 307,200 individual pixels. In the
passive-matrix drive method, the pixels are defined by the overlap of
transparent horizontal row electrodes and vertical column electrodes; a
potential difference across any given pixel is produced by applying
voltages to the appropriate row and column electrodes. To switch
pixels independently in this simple matrix, the display is multiplexed
by sequentially pulsing, or selecting, the row electrodes and
simultaneously applying a voltage to each column electrode
determined by the desired optical state of the pixel on the selected
row. As the number of matrix rows increases, however, it becomes
increasingly difficult to significantly affect the optical state of an
individual pixel without affecting the states of the other pixels on the
shared row or column electrode. With the TN effect, no more than
about 20 rows can be multiplexed with good performance, and so for
high-information-content displays either the drive method has to
changed or a different liquid-crystal electro-optical effect has to be
used.” [3]

? Comprehension Check

1. Make the right choice:
1) Liquid crystals were discovered a) in 1889.
b) in 1948.
c) in 1798.
2) The anisotropies should be a) negative.
b) large and positive.
c) large and negative.
3) The first LCD was demonstrated a) in 1890.
b) in 1980.
c) in 1963.
4) The first TN displays were used a) in watch and calculator.
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b) in computers.
c) in optical devices.
5) The upper and lower substrate  a) by a wide gap.
plates of a TN display are sepa-  b) by a narrow gap.
rated ¢) nothing.

2. Read the following statements and agree or disagree or say «l
don’t knows.

1) In a liquid-crystalline phase, the three-dimensional crystal lattice
structure disappears, and the material may flow like a liquid.

2) Scientists don’t know any kinds of liquid-crystal phases.

3) The built-in direction causes certain physical properties to have one
value measured parallel to the director and another measured
perpendicular to it.

4) The refractive index anisotropy ensures that a reorientation of the
liquid crystal won’t be accompanied by a change in the amount of
light transmitted by the display.

5) A potential difference across any given pixel is produced by
applying voltages to the appropriate row and column electrodes.

3. Answer the following questions:

1) Do some organic compounds partially melt to a liquid-crystalline
phase at a precise transition temperature?

2) What phase is used in liquid-crystal displays (LCDs)?

3) The transparent electrodes have thin polymer coatings several
hundred angstroms thick, don’t they?

4) Is ambient light passing through the display reflected or not?

5) How many rows can be multiplexed with good performance with
the TN effect?

4. Write a text analysis.

5. Make up a topic on the theme *“Liquid-crystal displays”.

Working with Vocabulary and Grammar

4. Fill each gap with the right preposition.
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1) Liquid crystals were discovered _ 1889.

2) __ asecond, higher temperature this liquid-crystalline state
undergoes another transition ___ an ordinary liquid.

3) The upper and lower substrate plates __a TN display are
separated _ anarrowgap ___ about8m.

4) The polarized light passing ____ the cell now intersects the second
polarizer ___ the “crossed” position.

5) The pixels are defined ___ the overlap ___ transparent horizontal
row electrodes and vertical column electrodes.

5. Translate the sentences paying special attention to the words in

italics.

1) The material may flow like a liquid.

2) Averaged over time, the elongated molecules in any locality of the
nematic phase all point in the same direction, which is known as
the local optic axis or director.

3) DSM displays proved the feasibility as well as the enormous
potential of LCDs.

4) The atoms of the source are excited to produce glowing, as well as
depending upon the nature of the source.

5) As the number of matrix rows increases, it becomes increasingly
difficult to significantly affect the optical state of an individual
pixel without affecting the states of the other pixels on the shared
row or column electrode.

6) Further research and development undoubtedly will produce
revolutionary improvements in their accuracy and reliability as well
as in their adaptation to industrial and commercial usage.

6. Open the brackets to make the sentences complete.

1) Particularly important for LCDs (be) the differences, or
anisotropies, in dielectric constant and refractive index measured in
the two directions.

2) The low power consumption of this device (give) this display many
advantages over other flat-panel displays of the time.

3) The transparent electrodes (have) thin polymer coatings several
hundred angstroms thick.
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4) A Video Graphics Array computer screen, for example, (consist) of
an array of 640 by 480 dots resulting in 307,200 individual pixels.

5) The light then (emerge) at the bottom of the liquid-crystal later
polarized parallel to the transmission axis of the lower polarizer,
where it (pass) through.

7. Match a statement with a suitable ending and translate them:

1) Liquid crystals were discovered | the direction of vibration of the

in 1889 linear polarized light is parallel

to the rub direction of the
adjacent alignment layer at
each substrate.

2) The display also can be operated in right angles to the rub direction

of the lower substrate.

3) Polarizer sheets are oriented on of poor view ability and

both sides of the display in such a lifetime.

way that

4) The upper substrate is rubbed at | a reflective mode by putting a
display.

5) Although no longer used when the Austrian botanist

because Friedrich Reinitzer observed a

curious, cloudy melting
behaviour in certain pure
organic compounds.

R Discussing the text

8. Discuss the following:

1) liquid crystals were called “liquid”;

2) generally only the nematic phase is used in liquid-crystal displays
(LCDs);

3) particularly important for LCDs are the differences, or anisotropies,
in dielectric constant and refractive index measured in the two
directions;
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4) when no voltage is applied, the director of the liquid crystal
undergoes a continuous 90° twist in the region between the
substrates;

5) the first TN displays were used in low-information-content watch
and calculator applications.

9. Prove the following choosing the facts from the text:

1) some organic compounds, in particular rod-shaped ones, partially
melt to a liquid-crystalline phase at a precise transition temperature;

2) for most display applications, these anisotropies should be large
and positive;

3) the direction of vibration of the linear polarized light is parallel to
the rub direction of the adjacent alignment layer at each substrate;

4) the display also can be operated in a reflective mode;

5) with the TN effect, no more than about 20 rows can be multiplexed
with good performance.

10. Give some more information to the following:

1) the direction which can be influenced by the walls of the container
or by an electric or magnetic field;

2) the most display applications;

3) the first LCD, demonstrated at Radio Corporation of America
(now RCA Corporation) laboratories in 1963;

4) the next generation of LCDs used the twisted nematic (TM) effect.

5) the first TN displays;
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UNIT 2.3

PART 1

Read the text.
Text A2.3

OPTOELECTORONICS RESEARCH IN FRANCE

“At the Institute d’Optique at Paris Sud researchers are trying to
develop an artificial retina. They use smart-pixel technology to
simplify an image before passing it to a computer for processing. The
first processing step in computational vision — referred to as early or
middle vision — involves interpretation of two-dimensional (2-D)
images as projections from three-dimensional (3-D) scenes. By
enhancing the image, reducing noise and optimizing aspects such as
edge sharpness the computing work necessary to complete image
processing is greatly reduced, leading to orders-or-magnitude
improvement in speed. One of the group’s more successful techniques
is that of simulated annealing using laser-generated speckle patterns —
the combination of speckle and dedicated integrated circuits being
called a stochastic artificial retina. This opens the way for video-rate
image processing in the pixel array.

The France Telecom Center National d’Etudes des
Telecommunications (CNET) laboratories investigate devices,
systems, and their implementations. The CNET optoelectronics
materials and components group is located in Bagneux. One new
development being pursued there is the possibility of fabricating
hybrid polymer/semiconductor optical integrated devices. The goal is
fabrication of a device with performance characteristics closer to
those of individual semiconductor structures than is currently
obtainable with monolithically integrated devices. At the same time
production costs must be such that the hybrid devices can be used in
real systems.
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Among other devices under development at Bagneux is a new
high-performance strained-layer integrated laser-modulator for 20-
Gbit/s transmission. In this device, the same active layer provides for
both a distributed-feedback (DFB) laser and modulator and is based
on InGaAsP multiple quantum wells (MQWSs). The laser emits at
1553 mkm and performance tests demonstrated 20-Gbit/s
transmission over 108 km of dispersion-shifted fiber. Such
monolithically integrated laser-modulators are expected to be useful
for long-haul transmission because of their compactness and
intrinsically low chirp.

The researchers at Bagneux are also developing systems for
millimeter-wave upconversion as part of a scheme for further
development of distribution networks based on high-capacity
microwave-radio systems over fiber. These systems are being
developed rapidly worldwide for applications in areas including
intelligent vehicles and information highways. Use of millimeter
waves in radio communication systems will relieve spectral
overcrowding while also supporting high date rates (622 Mbit/s). The
optoelectronic upconverter developed at Bagneux integrates a MQW
DEB laser with a distributed transimpedance microwave amplifier
(DTA) on a single mount.

At CNET Lannion, researchers are investigating high-speed
transmission over fibers and networks and also the overall
architectures to optimize use of optical elements in networks. Working
with the overall goal of introducing WDM in a synchronous digital
hierarchy (SDH) telecommunications system across France and in a
pan-European system, the group is developing time- and wavelength-
multiplexing systems (T/WDM), SDH self-healing rings using optical
add/drop multiplexers (OADM), and all-optical cross-connects based
on wavelength conversion is realized through a semiconductor optical
amplifier (SOA), in which a counter-propagating low-power probe
beam at the new wavelength uses the gain to take the signal
characteristics from the original wavelength.” [2]

? Comprehension Check



1. Make the right choice:
1) At the Institute d’Optique
at Paris Sud researchers

2)This opens the way for

3) One new development being
pursued there is the possibility
of fabricating
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a) LCD technology

b) use smart-pixel technology
c) isotope techniques

d) vacuum technology

a) fault image processing in the pixel

array
b) enlarged image processing in the
pixel array

¢) blurred image processing in the
pixel array

d) video-rate image processing in
the pixel array

a) hybrid polymer/semiconductor
optical integrated devices

b) laser radars
¢) semiconductor devices

d) magnetic storage devices

4) Such monolithically integrated a) regular transmission

laser-modulators are expected to

be useful for

5)active layer is based on

b) single-band transmission
¢) long-haul transmission
d) one-way transmission

a) Ing,GaggAs multiple quantum

wells

b) Aly;GagzAs multiple quantum
wells

¢) GaAs multiple quantum wells

d) InGaAsP multiple quantum wells

2. Read the following statements and agree or disagree or say «l|

don’t know».
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1) They use smart-pixel technology to simplify an image before
passing it to a computer for processing.

2) The CNET optoelectronics materials and components group is
located in Paris.

3) The laser emits at 1.63 mkm and performance tests demonstrated
20-Gbit/s transmission over 108 km of dispersion-shifted fiber.

4) Use of millimetre waves in radio communication systems will
relieve spectral overcrowding while also supporting high date rates
(622 Mbit/s).

5) Researchers are investigating high-speed transmission over fibers
and networks and also the overall architectures to optimise use of
optical elements in networks.

3. Answer the following questions.

1) What was the first processing step in computational vision?

2) What characteristics does a new high-performance strained-layer
integrated laser-modulator have?

3) Does a counter-propagating low-power probe beam at the new
wavelength use the gain to take the signal characteristics from the
original wavelength?

4) What does the optoelectronic upconverter developed at Bagneux
integrate?

5) Where are monolithically integrated laser-modulators expected to
be useful?

4. Write text annotations (about 250 words).

Working with Vocabulary and Grammar

5. Write the opposites to the adjectives in comparative degree.
Examples: more expensive — cheaper
warmer — colder

lower more synchronous
newer richer
WOrse more successful

earlier broader
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noisier longer
less more Serious
further harder

5. Translate the sentences paying special attention to the words in

italics.

1) It was among these people that the idea of continuous matter was
fostered.

2) The rapid expansion of radio broadcasting and communications
created the serious problem of interference between stations.

3) Though the mixture can acquire an appearance that differs from any
of its parts, each ingredient that blends into forming the mixture
will retain its identity.

4) Homogeneous mixture are those that have a uniform composition
such as homogenized milk or sugar dissolved in water.

5) Spontaneous transitions are not the only means by which a
particular atom returns to its ground state.

6. Open the brackets to make the sentences complete.

1) Now researchers (try) to develop an artificial retina.

2) Until the 1950s, lasers were strictly theory, but many scientists
(work) for reality.

3) The researchers at Bagneux also (develop) systems for
millimeter-wave upconversion as part of a scheme for further
development of distribution networks.

4) Now researchers (investigate) high-speed transmission over
fibers and networks.

5) Laser history actually (begin) with the maser.

7. Match a statement with a suitable ending and translate them:

1) the same active layer realised through a
semiconductorprovides optical amplifier.

2) Use of millimetre waves interpretation of two-dimensional in
radio communication (2- D) images as projections from

systems will relieve three-dimensional (3-D) scenes.
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6) All-optical cross-connects | at 1.553 mkm and performance tests
based on wavelength con- | demonstrated 20-Gbit/s transmission
version is over 108 km of dispersion-shifted

fiber.

4) The first processing step spectral overcrowding while also in
computational vision supporting high date rates (622
involves Mbit/s).

5) The laser emits for both a distributed-feedback

(DFB)
laser and modulator.

RiDiscussing the text

8. Discuss the following:

1) they use smart-pixel technology;

2) the same active layer provides for both a distributed-feedback
(DFB) laser and modulator;

3) monolithically integrated laser-modulators are expected to be useful
for long-haul transmission;

7) these systems are being developed rapidly worldwide for
applications in areas including intelligent vehicles and information
highways;

8) researchers are investigating high-speed transmission over fibers
and networks and also the overall architectures.

9. Prove the following choosing the facts from the text:

1) it is necessary to complete image processing;

2) production costs must be cheap;

3) there is the possibility of fabricating hybrid polymer/semiconductor
optical integrated devices;

4) use of millimeter waves in radio communication systems will
relieve spectral overcrowding;

5) the researchers are developing systems for millimeter-wave
upconversion.
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10. Give some more information to the following:

1) the first processing step in computational vision;

2) the combination of speckle and dedicated integrated circuits being
called a stochastic artificial retina;

3) systems for millimetre-wave upconversion;

4) the possibility of fabricating hybrid polymer/semiconductor optical
integrated devices;

5) all-optical cross-connects based on wavelength conversion.

PART 2

Read the text.
Text B2.3

COMPUTING WITH PHOTONS AT THE SPEED OF
LIGHT

“It is hard to believe that digital electronic computers have been
around for half a century now, yet it is harder to believe how far these
computers have evolved in that time. When ENIAC first glowed at the
University of Pennsylvania in 1946, it contained 18000 vacuum tubes,
took up an entire room, and could grind out 4500 additions. Today,
pocket calculators have far more computing power than ENIAC ever
did, and supercomputers can zip through billions of calculations per
second.

Much of the credit for this spectacular growth to the inventions
of transistors and integrated circuits, which enabled the higher
efficiency and miniaturization of electronics. But as electronic
hardware nears the practical limit of size and efficiency, the future
growth rate of computing power will rely increasingly on
unconventional technologies now under development. One of the most
promising of these new technologies is optical computing.

Optical methods offer a radically new approach to computers
because the information carries are photons, which behave very
differently from electrons. For example, photons can pass through
each other like ghosts; electrons cannot. Photons can also move
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readily through open space, whereas electrons generally must be
routed through conduits. Unlike electrons, photons also carry no
charge and are therefore immune to interference from extraneous
electromagnetic fields.

These properties provide optical computers with certain potential
advantages over the conventional electronic variety, which is why
research on optical logic circuits and computer architectures has
accelerated in recent years. This article reviews the fundamental
design and function of several devices used for optical computing.

Digital electronic computers basically consist of a large
collection of interconnected switches, gates and memory elements
called “flip-flops”. Logic operations are performed by controlling the
flow of electrons between these various components. Optical
computers also use switches, gates, and flip-flops in their logic
operations, but the designs of these devices are very different.

The purpose of a switch is to make or break a connection
between one or more transmission paths. If a switch controls the
connection from just one path to another path, it is called a 1x1
switch. Other possibilities include 2x2, 1xn, nxn, and nxm switchers,
where n and m can be any integer.

In optical computers, switches can be built from modulators
using opto-mechanical, electro-optic, acousto-optic, magneto-optic,
and other techniques. By modulating the relative phase of the divided
wavefronts as they pass through the interferometer, they can be
constructively or destructively recombined at the output, thus creating
an on or off conduction.

Another useful optical switching design is the directional
coupler, which makes an ideal 2x2 switch. Electro-optic control of the
refractive index of these devices shifts them between two states: cross
and bar. In the bar state, inputs 1 and 2 are directed to outputs 1 and 2
, respectively; in the cross state, inputs 1 and 2 cross over to outputs 2
and 1, respectively. This type of switch is referred to as a crossbar
switch and can be expanded to accommodate nxn configurations.

Crosshar switches are an important element of many optical
logic circuits and can be fabricated in a variety of ways. For instance,
a 4x4 crossbhar switch can be constructed using an array of magneto-
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optic modulators. In this particular device, light from each diode laser
in a vertical array is spread by a cylindrical lens in a fan-like pattern
across each row of the 4x4 spatial light modulator. Another set of
cylindrical lenses (oriented orthogonally to the first set) than focuses
the light passing through each column of the SLM onto a
corresponding detector of a horizontal detector array.

This optical configuration can connect any input line (diode
laser) with any output line (detector) without conflict. If all of the
modulators of the SLM were open, for instance, then each input line
would be individually connected to all of the output lines. However,
connecting input line only with output line means closing all
modulators of the SLM except the one in the second row. Many other
combinations are possible of course.

In principle, the magneto-optic SLM of a crossbar switch can be
replaced by a liquid-crystal SLM or even an acousto-optic SLM.
These and other optical modulator technologies have been developed
into larger nxn switches for more computing power. Acousto-optic
modulators also are well suited for 1x n and n x m optical switching.
However, all of the optical switches described so far are electrically or
magnetically controlled. With the help of certain nonlinear optical
effects, though, all-optical switches can be constructed as well.

Using the optical Kerr effect, for example, it is possible to
transform both the Mach-Zehnder interferometer and directional
coupler into all optical switches. In each case, a strong beam of light
(not an electric field) affects the switch behavior.

If a bright control beam passes perpendicularly through one leg
of the Mach-Zehnder interferometer, the refractive-index change
caused by the optical Kerr effect creates the relative phase shift
needed to operate the switch. But single beam coupled into just one of
the waveguides of a directional coupler can convert this device into a
self-controlled switch. When the beam is bright enough to raise the
reflective index of the input waveguide of the coupler, the light
remains confined to the same waveguide. If, however, the beam
intensity is low, the coupler operates normally by channeling the light
into the adjoining waveguide. This switch can be used to separate
strong and weak signals from a date stream.
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Another important all-optical switch is Hughes liquid-crystal
valve. The design of this device enables light absorbed by one side to
control the intensity of polarized light reflected from the other side.
This effect is accomplished by combining a photoconductive
absorbing layer with a reflective liquid-crystal modulator. If the light
absorbed by the photoconductive layer has an intensity pattern to it,
that pattern will be “written” in the layer and will therefore affect the
spatial distribution of the electric field through the liquid crystal. In
this way, the intensity pattern is binary complement of a 1, for
example, is 0 and vice versa. On the layer array, each bit and its
complement appear as a pattern of high and low intensities. This
represents the date vector.

After collimation and magnification, a series of cylindrical
lenses then spreads the light from each laser element across each row
of an acousto-optic SLM consisting of 64 rows and 128 columns. The
SLM acts as a two-dimensional control mask by selectively passing
(diffracting) or blocking (zero-order diffraction) the laser light through
each element of the modulator array. This step is the mathematical
equivalent of multiplication, which in Boolean logic is represented by
the AND function. Thus the SLM multiplies the date bits from the
linear laser array by control bits, which are fed into the SLM
electronically.

A second set of cylindrical lenses then takes the light pattern
passing through each column of the SLM and focuses it onto a
corresponding detector in a 1 x 128 horizontal APD array. This step is
mathematically equivalent to addition, which is represented by the OR
function in Boolean logic. Because each detector of the array is
reversed-biased, the electronic signal it generates is inverted from the
positive light signal, which is equivalent to the NOT function in the
Boolean system.

By combining AND, OR, NOT functions, any logical operation
can be performed in the Boolean system. Thus, DOC Il is a fully
programmable, general-purpose computer in which programming is
done through the SLM. More important, processing also is done in
parallel through the optical interconnections and the SLM.



188

Optical computers need not be digital, either. There are analog
and multivalued-logic architectures, as well as optical cellular
automata, optical dataflow machines, and linear and nonlinear optical
neural networks.

All of these developments underscore the extraordinary
versatility of electro-optics. From the simplest lens to the most
intricate optical computer, electro-optic technology has already
enriched our lives beyond measure, and many exciting developments
are expected in the decades ahead.” [4]

? Comprehension Check

1. Make the right choice.
1) ENIAC could grind out a) 4500 subtractions.
b) 4500 additions.
¢) 4500 operations.
2) Optical computers also use  a) switches in their logic operations.
b) gates in their logic operations.
c) switches, gates and flip-flops in
their logic operations.
3) switches can be built a) from modulators using only opto-
mechanical techniques.
b) from modulators using only
electro-optic and acousto-optic
techniques.
¢) from modulators using opto-
mechanical, electro-optic,
acousto-optic, magneto-optic, and
other techniques.
4) Acousto-optic modulators also a) 1x n and n x m optical switching.
are well suited for b) 1x2 optical switching.
c) 4x4 optical switching.
3) Optical computers need not be a) digital.
b) analog.
¢) multivalued-logic.
2. Read the following statements and agree or disagree or say «l
don’t know».
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1) Supercomputers can zip through billions of calculations per second.

2) All optical computers have the same designs.

3) A 4x4 crossbar switch can be constructed using an array of
acousto-optic modulators.

4) The magneto-optic SLM of a crossbar switch can be replaced by a
liquid-crystal SLM or even an acousto-optic SLM.

5) A weak beam of light affects the switch behavior.

3. Answer the following questions.

1) How many vacuum tubes did ENIAC contain?

2) What is the most promising of the new technologies?
3) Can electrons pass through each other like ghosts?
4) What is called a 1x1 switch?

5) What useful optical switching design do you know?

4. Write a text analysis.
5. Make up a topic on the theme “Laser printers”.
Working with Vocabulary and Grammar

6. Put the words below in the right column according to their
parts of speech :

Digital, useful, calculation, the limit, to limit, increasingly,

technologies, differently, potential, logic, basically, a switch,

refractive, to switch, to like, like, layer, photoconductive, modulator.

Noun Adjective Verb Adverb

7. Translate the sentences paying special attention to the words in
italics.

1) Thegreater the difference between the signal frequency and the
resonant frequency of the stub, the smaller the total impedance
offered by the stub.

2) Thesmaller the volume of the cavity, thehigher the resonant
frequency.
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3) Thedeeper the plug extends into the cavity, the higher the
frequency.

4) Thehigher the temperature, the more activity within the atomic
system.

5) The fewer inclusions there are, the better the surface finish should
be.

8. Complete the sentences below with modal verbs.
1) Must optical computers be digital? No, they .

2) The crystal be machined to an optical tolerance with both
ends of the resulting rod silvered to enhance reflection.
3) In 1959 masers amplify light as well as microwaves.

4) Need we change that material from the solid to the gaseous state
without going through the liquid state? Yes, you
5) Must it be made to exist as a liquid? No, it

9. Match a statement with a suitable ending and translate them:
1) Digital electronic computers | by controlling the flow of electrons

basically consist of between these various components.

2) The SLM acts as to make or break a connection
between one or more transmission
paths.

3) The purpose of a switch is | a pattern of high and low intensities.

4) On the layer array, each bit | a large collection of interconnected
and its complement appear | switches, gates and memory

as elements called “flip-flops™.
5) Logic operations are a two-dimensional control mask by
performed selectively passing or blocking the

laser light through each element of
the modulator array.

RiDiscussing the text
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10. Discuss the following:

1) It is hard to believe that digital electronic computers have been
around for half a century now;

2) optical methods offer a radically new approach to computers;

3) research on optical logic circuits and computer architectures has
accelerated in recent years;

4) optical computers can be constructively or destructively
recombined at the output;

5) the light remains confined to the same waveguide.

11. Prove the following choosing the facts from the text:

1) the optical configuration can connect any input line (diode laser)
with any output line (detector) without conflict;

2) optical modulator technologies have been developed into larger nxn
switches for more computing power;

3) it is possible to transform both the Mach-Zehnder interferometer
and directional coupler into all optical switches;

4) the electronic signal is inverted from the positive light signal;

5) optical computers need not be digital.

12. Give some more information to the following:

1) the future growth rate of computing power;

2) electro-optic control of the refractive index;

3) crossbar switches;

4) Hughes liquid-crystal valve;

5) the step which is mathematically equivalent to addition
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UNIT 3.3

PART 1

Read the text.
Text A3.3

MIRROR MATERIAL MATTER

“Metal mirrors have a good history in infrared astronomical
instruments. There is uniformity of thermal properties when both
structure and mirror substrate are of the same material, and the high
thermal conductivity of a metal mirror helps decrease cooling time in
cryogenic applications. The problem is that nonplated metal mirrors
also have a history of scattering, which lowers the signal-to-noise ratio
and throughput. The typical diamond-turned surface for 6061-T
aluminum alloy is about 100 A rms. While high-purity aluminum
alloys, such as the 1100 and 5000 series, often produce better finishes
when diamond-turned, they are not as stable as the 6000 series with
respect to surface finish when thermally cycled-optical surface-figure
stability of cryogenic mirrors after cycling is critical.

Plating diamond-turned mirrors with electroless nickel, followed
by polishing, can improve surface finish and reduce scattering, but it
adds other problems.

Manufacturing costs grow because nickel polishes more slowly
than conventional optical materials and polishing may distort the
already diamond-turned surface finish. Nickel also must be layered on
the substrate fairly thickly-typical thickness is 75-125 mkm.

The nickel plate also has a different coefficient of thermal
expansion than the aluminum substrate. At 300 K, for example, the
thermal coefficient of expansion for nickel is near 15 10-6 m/m-K,
compared to 23 10-6 m/m-K for 6061-T aluminum. A cold mirror can
act like a thermostat strip and bend.

Scientists have been fighting the bimetallic deformation problem
since the 1960s. Several solutions have been suggested, ranging from
making thicker mirrors to shaping or contouring the back of the
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mirror-or even plating both sides of the mirror with electroless nickel
and using a substrate with a similar coefficient of expansion. None has
worked well. In many cases, even if someone manages to reduce
bimetallic deformation of the optic, stress is still being added to the
substrate. If that force exceeds the microyield in the substrate, the
result can be hysteresis.

Designers of the Gemini spectrograph optics re-examined
several classical solutions and found that none works well because
they are all based on an unrestrained optics, whereas a real optics is
always mounted. In one case, they came up with a factor of two
improvement in dealing with the bimetallic problem, but that still did
not meet Gemini optics specifications.

Until last year, the choices in fabricating cryogenic mirror for the
Gemini spectrograph were to live with the scattering or accept the
metal deformation, with the first choice being perhaps the least
troublesome. During this period, a new plating process came under
review by spectrograph optic designers that offered a resolution to the
dilemma.

The process developed by AlumiPlate Inc. (Minneapolis, MN)
plates an aluminum substrate with an amorphous layer of high-purity
aluminum-reportedly 99.9% pure. Properties of the material are very
close to that of substrate. The thermal expansion coefficient of the
AlumiPlate process is 24.4* 10-6 m/m-K at 300 K, while 6061-T6
averages 23* 10-6 m/m-K. Thermal conductivity is 218 W/m-K
versus 171 W/m-K. Although cryogenic mirrors plated this way would
theoretically still be bimetallic, they should not experience the
bimetallic deformation found with nickel plating.

Another advantage of the new plating process is the potential
improvement in surface figure of the diamond-turned components.
Material inclusions contribute to surface roughness in diamond-turned
components. The fewer inclusions there are, the better the surface
finish should be. One possible drawback of the plating process,
though, is that it is impossible to polish machined mirrors due to
coating softness.

To test the optical stability of a diamond-turned 6061-aluminum
mirror plated with the AlumiPlate process, the Gemini near-infrared
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spectrometer project team cycled the mirror through a temperature
change from 300 K to 65 K. The test mirror, the primary mirror of the
spectrograph Offner relay, is 175 mm in diameter with a 550-mm
radius of curvature. The mirror has a biconcave symmetric shape to
reduce bimetallic bending. As part of the mirror fabrication process,
an uphill-quench treatment follows machining to reduce residual
stress. The mirror is then plated with 125 mkm of AlumiPlate
aluminum over a flash coating of 2 mkm of nickel to improve
adhesion.

The results of five temperature cycles from 300 K to 65 K
indicate that the optical surface figure of the mirror changes less than
0.05 wave rms after cycling. This is excellent performance for a
cryogenic optics and is among the best of the test results for cryogenic
optics that have been reported.” [14]

? Comprehension Check
1. Make the right choice.

1) Scientists have been fighting a) since the 1990s.

the bimetallic deformation  b) since the 1970s.
problem c) since the 1960s.

2) The mirror has a) a concave symmetric shape to
reduce bimetallic bending.

b) a biconcave symmetric shape to

reduce bimetallic bending.

C) a convex symmetric shape to

reduce bimetallic bending.

3) The nickel plate also has a) a different coefficient of thermal
expansion than the aluminum
substrate.

b) the same coefficient of thermal
expansion like the aluminum
substrate.

¢) not got coefficient of thermal

expansion.
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4) The typical diamond-turned a) is about 200 A rms.
surface for 6061-T aluminum  b) is about 100 A rms.
alloy c) is about 50 A rms.
5) The fewer inclusions there  a) the better the surface finish should
are, be.
b) the worse the surface finish should
be.
c) the longer the surface finish should
be.

2. Read the following statements and agree or disagree or say «l
don’t know».

1) The high thermal conductivity of a metal mirror cannot help
decrease cooling time in cryogenic applications.

2) Nickel also must be layered on the substrate fairly thickly-typical
thickness is 75-125 mkm.

3) if someone manages to reduce bimetallic deformation of the optic,
stress is still being added to the substrate.

4) A real optics isn’t always mounted.

5) it is possible to polish machined mirrors due to coating softness.

3. Answer the following questions.

1) Can plating diamond-turned mirrors with electroless nickel,
followed by polishing, improve surface finish and reduce
scattering?

2) What problems do plating diamond-turned mirrors with electroless
nickel add?

3) How can a cold mirror act?

4) When did a new plating process come under review by
spectrograph optic designers?

5) What advantages of the new plating process do you know?

4. Write text annotations (about 250 words).
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Working with Vocabulary and Grammar

5. Fill each gap with the right preposition.

1) Since the properties many substances are dependent
both temperature and pressure.
2) Water is converted ___ asolid, ice, or ___ agas, steam.

3) The development _ any new product must be based
knowledge __ these substances.

4) It is necessary only to divide the velocity _ the frequency
the wave.

5) Maser outputs are referred _~ _ terms ___ their frequency or

their wavelength.

5. Translate the sentences paying special attention to the words in
italics.

1) Before these special properties of laser and maser energy can be
properly understood, one must understand the properties of
ordinary light and radiant energy.

2) One can produce gallium arsenide.

3) The choices in fabricating cryogenic mirror for the Gemini
spectrograph were to live with the scattering or accept the metal
deformation.

4) The remaining problem is to obtain the higher concentration of
atoms in the upper energy level necessary for amplification.

5) If energy propagation is to be sustained within the waveguide, two
major boundary conditions must be fulfilled.

6. Change the following sentences into the Past and the Future.

1) Sublimation can even occur in metals and other hard substances
exposed to lasers.

2) Some external influence must be involved in producing a change of
state.
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3) You can conclude from this explanation that a ray will deviate
toward the normal when its velocity is decreased.

4) The frequency of the scintillation must be used to identify the path
or locate the source of the radiation.

5) The desired deviation of the light beam can be produced even to
the extent of producing total reflection.

7. Match a statement with a suitable ending and translate them:

1) The wavelength is the distance a) a surface on which all points
are measured along the axis of
propagation in phase.

2) A wavefront is the point of intersection of

lines extended along the paths
of rays.

6) The most important phenomena | b) the degree to which visible
of light are light is present in the radiant
energy emitted by the source.

4) The point source is ¢) between two points of equal
intensity that are in phase on
adjacent waves.

5) Brightness of light represents d) reflection, refraction,
dispersion, interference, and
polarization.

FDiscussing the text

8. Discuss the following:

1) not deal works well;
2) high-purity aluminum alloys often produce better finishes when
diamond-turned,
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3) several solutions have been suggested, ranging from making thicker
mirrors;

4) a new plating process came under review by spectrograph optic
designers;

5) the mirror has a biconcave symmetric shape.

9. Prove the following choosing the facts from the text:

1) the nickel plate has a different coefficient of thermal expansion
than the aluminum substrate;

2) manufacturing costs grow;

3) the potential improvement in surface figure of the diamond-turned
components is another advantage of the new plating process;

4) it is impossible to polish machined mirrors due to coating softness;

5) the optical surface figure of the mirror changes less than 0.05 wave
rms after cycling.

10. Give some more information to the following:

1) a history in infrared astronomical instruments.

2) the typical diamond-turned surface for 6061-T aluminum alloy;
3) the process developed by AlumiPlate Inc.;

4) the results of five temperature cycles;

5) a substrate with a similar coefficient of expansion.

PART 2

Read the text.
Text B3.3

DIFFRACTIVE OPTICS BEND, SHAPE,
AND FILTER X-RAY LIGHT

“Designers of instruments based on infrared, visible, and ultraviolet
light use classical optics such as lenses, filters, and gratings to control
light beams. Optical components to monochromatize and either focus
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or collimate a light beam are readily available, but managing an x-ray
beam has proven more difficult.

X-ray instrumentation designers have limited options. Crystals,
gratings, or multilayer-coated optics can be used to diffract only the x-
ray energy band required for the application. Thin foils or films used
in transmission are available to filter lower-energy x-ray. Shaping an
x-ray beam requires apertures to block portions of the beam or mirror
that work on the principle of total external reflection. Each of these
optical components introduces a significant intensity loss of the
desired x-ray energy. Creating a focused or collimated monochromatic
beam by combining x-ray optical components results in such low
intensity that the instrument is often rendered useless.

Osmic (Troy, MI), a supplier of multilayer-coated x-ray optical
assemblies, has developed diffractive optics for collimating and
focusing x-ray beams to address the needs of x-ray instrument
designers and users. These optics - Max-Flux Optics and Confocal
Max-Flux Optics — combine advanced multilayer technology with
classical optic design and are currently in use in powder diffraction,
protein crystallography, high-resolution diffraction, small-angle
scattering, total-reflection x-ray fluorescence spectrometry, and
several other x-ray applications. X-ray optics are also under
development for select medical applications.

Classical reflective optics designed to collimate or focus light
have existed for decades. For a divergent beam of light, reflective
collimating optics are parabolic while focusing optics are elliptical in
figure. In either design the angle q of a ray of light incident on the
surface varies across the length of the optic. For visible light this is not
an important consideration. However, it is a critical consideration
when one is designing or using x-ray diffractive optics that work for a
desired wavelength q according to Bragg’s Law

nl =2d sinq
where | is the x-ray wavelength, d is the d-spacing of a crystal or
multilayer-coated optics, and q is the incident angle.

X-ray diffractive optics such as crystals or soap films with fixed
d-spacings cannot be made to function when curved to either parabolic
or elliptical optical figures.
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Historically, the ray analog of classical reflective optics has been
total-reflection mirrors, not diffractive optics. But Xx-ray total-
reflection mirrors suffer from the physical limitations of a small
acceptance angle and a very broad energy bandpass. As a result,
achieving a high-intensity monochromatic beam has been practically
impossible.

Multilayer-coated x-ray optics, commonly called multilayers,
consists of alternating layers of a reflective material and a “spacer”
material. They function on the principle of diffraction. The alternating
regions of high electron density and low electron density simulate the
structure of a natural crystal.

X-ray multilayer optics are created using thin-film sputtering, a
technique used in production of semiconductor devices, solid-
lubricant coatings, wear-resistant coatings, and other advanced
coatings. Osmic has worked with PLD Advanced Automation
Systems (PLDAAS; Orlando, FL) to design and build a multilayer
thin-film sputtering system with capacity to coat many graded
multilayer optics. The fully automated “turnkey” high-vacuum
production equipment designed, engineered, and fabricated by
PLDAAS is used in Osmic” manufacturing process, which involves
coating optics under vacuum with special proprietary reflective
materials.

A variant on the uniform multilayer is the laterally graded
multilayer coating. Because the incident angle of a divergent beam of
x-rays onto a parabolic or elliptical surface changes from point to
point along the length of the mirror, a uniform multilayer coating
would not reflect the same wavelength for the entire mirror. By
grading the multilayer’s d-spacing in accordance with a precalculated
curve along the mirror’s length, the optics can collect a large solid
angle from an x-ray source while simultaneously rendering the beam
monochromatic. In most applications, the solid angle captured by the
optics ranges from 2 to 50 times that of traditional x-ray optics. While
the solid angle captured can be several orders of magnitude larger than
that of specific x-ray optics, the capture angle remains much lower
than that of visible-light optics.
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A graded multilayer is not the only requirement to achieve the
design goals of most x-ray applications. Also important in the
manufacture of useful optics for a reasonable price is innovative
technology for bending, glueing, and aligning high-precision optics.
Osmic’s proprietary technology allows multilayer mirrors to be bent
and glued to any practical figured surface to create a low-cost optic
with very precise optical figure. Even the ends of the mirrors reveal no
flattening, a condition that seemed to be unavoidable when using pre-
existing technologies.

Applications for multilayer collimating and focusing diffractive
optics include biotechnology, thin-film analysis, and micro-focus lab
sources and synchrotrons. In the case of the collimating optics, one
could apply these in inverse direction to focus a parallel beam. Both
the collimating and focusing optics provide increased intensity over
conventional x-ray optics. In case of the focusing optics, the flux
density at the local point is also significantly increased.

For example, experimental results obtained at the
Biomacromolecular Crystallography Facility at Michigan State
University (Lansing, MI) indicate a flux gain factor of five times over
conventional total-reflection optics wused in macromolecule
crystallography. This translates into a huge savings in the time
required for data collection, which previously could require up to two
days. Macromolecule crystallography is the study of the atomic
structure of proteins, nucleic acids, and other biological substances.
Structural biologists and biomedical researchers employ this x-ray
diffraction technique to better understand how viruses, proteins, and
pharmaceuticals interact within the human body.” [15]

? Comprehension Check

1. Make the right choice.

1) Historically, the ray analog  a) diffractive optics.
of classical reflective optics b) total-reflection mirrors.
has been c) total-reflection mirrors and
diffractive optics.
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2) The solid angle captured a) from 2 to 50 times that of by the
optics ranges traditional x-ray optics.
b) from 2 to 5 times that of
traditional x-ray optics.
¢) from 10 to 500 times that of
traditional x-ray optics.
3) Macromolecule crystallogra- a) different biological substances.

phy is the study of b) the atomic structure of proteins,
nucleic acids, and other biological
substances.
¢) the atomic structure of nucleic
acids.
4) While the solid angle captu- a) the capture angle remains much
red can be several orders of lower than that of visible-light
magnitude larger than that of  optics.
specific x-ray optics, b) the capture angle remains such as

visible-light optics.
c) the capture angle remains much
larger than that of visible-light

optics.
5) Experimental results indicate a) of seven times over conventional
a flux gain factor total-reflection optics used in

macromolecule crystallography.
b) of five times over conventional
total-reflection optics used in
macromolecule crystallography.
c) of two times over conventional
total-reflection optics used in
macromolecule crystallography.

2. Read the following statements and agree or disagree or say «l
don’t know».

1) X-ray optics are also under development for select medical
applications.
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2) Reflective collimating optics are elliptical while focusing optics are
parabolic in figure.

3) X-ray diffractive optics such as crystals or soap films with fixed d-
spacings can be made to function when curved to either parabolic
or elliptical optical figures.

4) The alternating regions of high electron density and low electron
density simulate the structure of a natural crystal.

5) A graded multilayer is the only requirement to achieve the design
goals of most x-ray applications.

3. Answer the following questions.

1) What classical optics do designers of instruments based on infrared,
visible, and ultraviolet light use?

2) Does multilayer-coated x-ray optics consist of alternating layers
of a reflective material and a “spacer” material?

3) Can the optics collect a large solid angle from an x-ray source?

4) The capture angle remains much lower than that of visible-light
optics, doesn’t it?

5) What does Osmic’s proprietary technology allow multilayer
mirrors?

4. Write a text analysis.

5. Make up a topic on the theme "Diffractive optics.

Working with Vocabulary and Grammar

6. Put the words below in the right column according to their
parts of speech:

Experimental, diffractive, previously, multilayer,

simultaneously,monochromatic, intensity, invisible, equally,

argument.

Noun Adjective Adverb
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7. Translate the sentences paying special attention to the words in
italics.

1) Modern theory considers light, both visible and invisible, as
consisting of quanta of energy that moves as if guided by waves.

2) The radar beam is narrowed so that both the incident and reflected
beams travel through a narrow zone.

3) Polarizer sheets are oriented on both sides of the display.

4) Both theory and experiment have shown that longitudinal waves
cannot be polarized.

5) Both of these arguments were equally valid at that time.

6) Since the electron in the hydrogen atom has both mass and motion,
it contains two types of energy.

6. Match a statement with a suitable ending and translate them:

1) The critical angle of incidence is | emission, absorption, and solar
spectra.
2) The spectrum is composed of basically systems of lenses.

3) Spectra are often classified into | the various colours present in
three general types: the incident light converge as

individual points along the

principal axis of the lens.

4) Such optical instruments as eye- | hundreds of hues which are

glasses, cameras, microscopes, grouped broadly into the six
and telescopes are principal colours.
5) Chromatic aberration occurs the maximum angle at which
when the ray of light striking the
surface of a medium passes
through it.

RiDiscussing the text
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7. Discuss the following:

1) managing an x-ray beam has proven more difficult;

2) the instrument is often rendered useless;

3) achieving a high-intensity monochromatic beam has been
practically impossible;

4) a variant on the uniform multilayer is the laterally graded
multilayer coating;

5) a graded multilayer is not the only requirement to achieve the
design goals of most x-ray applications.

8. Prove the following choosing the facts from the text:

1) x-ray instrumentation designers have limited options;

2) a variant on the uniform multilayer is the laterally graded
multilayer coating;

3) x-ray multilayer optics are created using thin-film sputtering;

9. Give some more information to the following:

1) multilayer-coated x-ray optics;

2) classical reflective optics;

3) the ray analog of classical reflective optics;
4) the principle of diffraction;

5) x-ray instrumentation designers.
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UNIT 4.3

PART 1

Read the text.
Text A4.3

THE RUBY LASER

In his own book Clayton L. Hallmark says: “In its simplest form, the
ruby laser is shown in Fig. 1. The ruby (aluminum oxide) plus a few
chromium atoms (0.05%) sparsely located throughout the aluminum
oxide is the material most commonly used. The heart of the device is
the cylindrical ruby crystal (a), around which is the helical flash tube
(b). Mirrors at each and (c and d) reflect the light back and forth
through the crystal, and the laser beam emerges through one of the
mirrors which is only partly silvered.

The helical flash tube is device for producing very intense light.
The ruby absorbs energy from the flash tube, and in a very short time
(thousandths of a second) emits it, some energy in the form of light
and the rest as heat.
A small part of the light energy produced by the ruby consists of the
red beams travelling parallel to its axis. This energy is reflectedback.

d b c

atl_ Sl

a  ruby crystal
b helical flash tube
c mirror
d mirror

Fig. 1.Simple ruby laser.
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There is fourth by the mirrors so that it passes through the crystal
many times. As it passes, it is amplified; that is, it picks up more
energy from the ruby. This energy travels in the form of red light
along the beam as the intensity continues to build.

Light waves consist of all electromagnetic waves between 4000
and 7000 angstrom units in wavelength. An angstrom unit, denoted by
the symbol A, is 10" cm. The shorter 4000 A waves produce the violet
colour, the 7000 A waves are those of red light, and the wavelengths
correspond to other colours of the visual spectrum. The ruby crystal
presented here operates in the 6943 A range, which accounts for the
characteristic red fluorescence.

Since the essential property of a gas is that the constituents do
not interact with one another, a lightly doped (much less than 1%)
crystal is essentially a gas of dopant atoms in a rather special
container. Their energy levels are modified by the presence of the host
material. A simplified energy level diagram of the chromium ion in a
ruby crystal is shown in Fig. 2. The intermediate level (3) is
metastable with a lifetime of approximately 107 second.

pumping lewvel {2)

radiationless
= transition

——— metastable state

{level 3)
B =
= =
= - =
O = = e =
o E=hfy5 o c:-E E=hfg,
=
input i ey
~ photon = - output photon
= E
S -
o

ground state (level 1)

Fig. 2. Three levels of chromium ion in ruby rod (associated with
pumping and laser action).



208

By examination of Fig. 2, you can see that a pumping light of
frequency f;, causes a transition between levels 1 and 2. The atoms in
the excited (2) state can return to the ground state spontaneously,
either directly or by first stopping at the metastable state. Because the
lifetime of the metastable state is 100000 times longer than that of
state 2, the atoms which fall there can be considered almost stationary.
The rate at which atoms find themselves in state 3 is proportional to
the rate at which they arrive in state 2, which, in turn, is proportional
to the pumping power and independent of the population. If sufficient
pumping power is supplied, the population of state 3 grows at the
expense of state 1 and population inversion is obtained.

As long as the population is inverted, the ruby can be an
amplifier for radiation of frequency f3;, and, with any amplifier,
adding a positive feedback loop can cause sustained oscillation. In this
case, the positive feedback is the return of some of the output light (f3;
radiation) into the ruby. This can easily be accomplished with mirrors.
By making use of the geometry of the mirrors so the feedback is
directional, a resonant cavity is formed. The amplifier radiation,
referred to as photon amplification, builds up in a standing-wave
pattern that is familiar to you from your study of microwaves.

The resonant cavity formed in the crystal itself is made possible
by carefully grinding and polishing the ruby, then silvering its ends.
Because of the shortness of optical wavelengths, an essential
difference exists between the crystal cavity and the more familiar
microwave cavity. Calculating the wavelength from the energy-level
diagram, the wavelength corresponding to fs; radiation is found to be
6943 angstroms in vacuum. A ruby ground to form a cavity 7.3
centimeters long (a typical size) has 100000 nodes in the standing
wave, and is resonant for every frequency that satisfies the standing
wave condition f, = ni/2,where A is the wavelength and n is an
integer. For example, taking n as 10°, the difference between resonant
wavelength, Ak, is given by (AMA)=( Af/f)=1/n=10". The cavity is
resonant for large number of frequencies immediately around f3,
instead of being resonant for only one particular frequency, as in the
microwave case.
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The pumping power required to obtain population inversion for a
reasonably sized crystal is considerable. This population inversion can
be accomplished only in brief bursts of light from a flash lamp. First,
the operating time of the ruby laser is limited to a couple of
milliseconds. Second, while the ruby is operating as a laser, the
metastable stage is being depopulated by stimulated emission, and
very quickly (in 10™ second) outruns the pump. This causes laser
action to stop until the pump can again create a population inversion.
The output of a ruby laser is composed of a series of irregularly
spaced about 10 second in duration, in an envelope defined by the
pump lamp duration.

Finally, consider the overall efficiency of the ruby laser by
forming a percentage from the ratio of total output of laser light
energy to the electrical energy supplied to the pump. This efficiency is
less than 1% with most of the lost energy dissipated in heating the
ruby crystal. This makes cooling the crystal an important practical
consideration.” [16]

? Comprehension Check

1. Make the right choice.
1) The laser beam emerges a) one of the mirrors which is
through only partly silvered.

b) the cylindrical ruby crystal.
c) the helical flash tube.

2) The helical flash tube is a) producing a few chromium

atoms.

device for b) producing a small part of the light
energy.

¢) producing very intense light.

3) The heart of the device is a) the helical flash tube (b).
b) mirrors at each and (c and d)
¢) the cylindrical ruby crystal (a)
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4) The wavelength correspon-  a) 6943 angstroms in vacuum.
ding to f5; radiation is found b) 3543 angstroms in vacuum.
to be ¢) 1050 angstroms in vacuum.

6) The intermediate level (3)  a) 10° second.
is metastable with a lifetime b) 10 second.
of approximately c) 10®second

2. Read the following statements and agree or disagree or say
«l don’t knows.

1) If sufficient pumping power is supplied, population inversion isn’t
obtained.

2) The rate at which atoms find themselves in state 3 is proportional to
the rate at which they arrive in state 2.

3) The shorter 4000 A waves produce the red colour.

4) The cavity is resonant for large number of frequencies immediately
around f3;

5) Consider the overall efficiency of the ruby laser by forming a
percentage from the ratio of total output of laser light energy to the
electrical energy supplied to the pump.

3. Answer the following questions.
1) What is the heart of the device (ruby laser)?
2) How do mirrors reflect the light?
5) What device is the helical flash tube?
6) What colour do waves produce?

7) Is the positive feedback the return of some of the output light (f3;
radiation) into the ruby?

4. Write text annotations (about 150 words).
5. Add text annotations to figures 1 and 2.

Working with Vocabulary and Grammar
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6. Put the words below in the right column according to their
parts of speech:
population, essential, examination, positive, carefully, duration,
immediately, independent, approximately.

Noun Adjective Adverb

7. Translate the sentences paying special attention to the words
in italics.

1) The colours appear in the order of increasing deviation from red to
violet.

2) In order to resonate, the cavity makes use of the distributed
inductance and capacitance of the enclosing box.

3) Typical PRF rates have been on the order of several pulses per
minute.

4) The effective height of the ionosphere is of the order of 90 km.

5) At frequencies above the operating ranges, higher order

transmission line modes are present and other wave impedances are

present.

8. Open the brackets to make the sentences complete.

1) The continuously operating gas laser (to develop) in 1961.

2) The elements in the far-right group (to call) the inert gases.

3) Radio waves usually (refer) to in terms of their frequency.

4) The screen (to move) along the flux part between the two sources
until the same degree of illumination (to observe) on both sides.

5) The distances from the lamps to their respective sides of the screen
then(to measure).

7. Match a statement with a suitable ending and translate them:

1) The ruby plus a few chromium by the presence of the host
atoms (0.05%) sparsely located material.
throughout the aluminum oxide
is




212

2) A small part of the light energy  the population of state 3 grows
produced by the ruby consists of  at the expense of state 1 and
population inversion is
obtained.
3) Their energy levels are modified  the red beams travelling
parallel to its axis.

4) If sufficient pumping power is in brief bursts of light from a
supplied, flash lamp.

5) This population inversion can the material most commonly
be accomplished only used.

RiDiscussing the text
8. Discuss the following:

1) an essential difference exists between the crystal cavity and the
more familiar microwave cavity;

2) the atoms which fall to the metastable state can be considered
almost stationary;

3) population inversion can be accomplished only in brief bursts of
light from a flash lamp;

4) while the ruby is operating as a laser, the metastable stage is being
depopulated by stimulated emission, and very quickly (in 107
second) outruns the pump;

5) the heart of the device is the cylindrical ruby crystal.

9. Prove the following choosing the facts from the text:

1) the wavelengths correspond to other colours of the visual spectrum;

2) the operating time of the ruby laser is limited to a couple of
milliseconds;

3) a positive feedback loop can cause sustained oscillation;

4) the intermediate level (3) is metastable;

5) light waves consist of all electromagnetic waves between 4000 and
7000 angstrom units in wavelength.
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10. Give some more information to the following:

1) the simplest form of the ruby laser;
2) the atoms in the excited state;

3) the amplifier radiation;

4) the host material;

5) the output of a ruby laser.

PART 2

Read the text.
Text B4.3

EXCITATION OF WAVEGUIDES

Clayton L. Hallmark wrote: “As with any transmission line, the
waveguide must be properly excited or fed in order to carry the energy
from one point to another. Waveguides, however, do not have the two
convenient connection points possessed by the conventional RF line.
In waveguides, the energy is in the form of an electromagnetic wave;
therefore, the excitation device must cause these fields to be created
within the guide. In masers, the excitation device is actually within the
guide. In conventional microwave systems, other excitation
techniques are used. These same techniques are also used in the
extraction of energy from the waveguide — in both masers and
conventional microwaves. The techniques use electric fields, magnetic
fields, or electromagnetic fields.

Inserting a small probe or antenna into a waveguide and
applying an RF signal causes current to flow in the probe. This current
sets up an electrostatic field; E-lines detach themselves from the probe
and propagate in the waveguide. The propagating E-lines establish
corresponding H-lines and result in the formation of a composite
electromagnetic field within the waveguide. If the probe is positioned
in the proper location and supplied the proper signal waveguide mode,
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a field having considerable intensity can be established and
maintained.

The best place to locate the probe is in the center of the wide
dimension, parallel to the narrow dimension, and one-quarter
wavelength away from the shorted end of the guide. This is the point
of maximum coupling between the probe and the field.

The probe will work equally well at any point where E-lines
exist with maximum intensity (for example, a three-quarter
wavelength distance from the shorted end).

Usually the probe is fed with a coaxial cable. This cable is kept
short to derive the greatest benefit from the waveguide. Impedance
matching between the cable and the waveguide is accomplished by
varying the distance of the probe from the end of the waveguide (by
moving the shorted end) or by varying the length of the probe. Any
mismatch will cause unwanted reflections within the waveguide.

The degree of excitation can be reduced by reducing the length
of the probe, moving it out from the center of the E-field, or shielding
it. Where it will be necessary to vary the degree of excitation
frequently, the probe is made retractable, and the end of the
waveguide is fitted with a movable plunger. Sometimes it is necessary
to excite a waveguide with a wide band of frequencies. In these cases
a wideband probe is used. This kind of probe is large in diameter and
is conical or doorknob shaped. A conical probe is capable of handling
moderate amounts of power, but for high-power situations, doorknob
probes are used.

The same types of probes are used to take energy out of
waveguide and deliver it to coaxial cables.

Another way to exciting a waveguide is by setting up a magnetic
H-field in the waveguide. This can be accomplished by placing a
small loop that carries a high current in the waveguide. A magnetic
field builds up and expands until it fills the space within the
waveguide. If the frequency of the current is correct, energy will be
transferred from the loop to the waveguide. Notice that the loop is fed
by coaxial cable. The location of the loop for optimum coupling to the
guide is at the place where the magnetic field that is to be set up will
be of greatest strength.
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When less coupling is desired, the loop can be rotated or
repositioned until it encircles a smaller number of lines of force.

When an excitation loop is used in some equipment (radar), its
proper location is often predetermined and fixed either during
construction or final tuning at the factory. In test or laboratory
equipment, the loop is often made adjustable.

When a loop is introduced in a guide at a point where an H-field
is present, a current will be induced in the loop itself. Thus, the loop
can take energy out of the waveguide as well as put energy into it.

It might seem that a good way to excite the waveguide or to
couple energy out of it is simply to leave the end open. However, this
is not the case. When energy leaves a waveguide, fields exist around
the end that would result in a mismatch. In other words, reflections
and standing waves would result if the end were left open. Thus,
simply leaving the end open is not an efficient way of getting the
energy out of the waveguide.

For the energy to move smoothly into or out of a waveguide, the
opening of the guide may be flared like a funnel. This makes the guide
similar to a V-type antenna. This method is called a horn and, in
effect, eliminates reflection by matching the impedance of free space
to the impedance of the waveguide. When the mouth of the horn is
exposed to electromagnetic fields, they enter and are gradually shaped
to fit the waveguide. The horn is directional in characteristic. It sends
or receives the greatest amount of energy in front of the opening.

Another way for either putting energy into or removing it from
waveguides is through slots or openings. This method is sometimes
used when very loose coupling is desired. In this method energy enters
the guide through a small aperture. Any device that will generate an
E-field can be placed near the aperture, and the E-field will expand
into the waveguide. E-lines are set up parallel to the wire because of
the voltage difference between parts of the wire. The E-lines expand
first across the aperture, then across the interior of the waveguide. If
the frequency is correct and the size of the aperture properly
proportioned, energy will be transferred to the waveguide with a
minimum of reflections.” [7]
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? Comprehension Check

1. Make the right choice.

5) The techniques use a) electric fields.
b) magnetic fields.
c) electric fields, magnetic fields, or
electromagnetic fields.
2) The best place to a) in the center of the wide dimension,
locate the probe is b) parallel to the narrow dimension,
c) one-quarter wavelength away from
the shorted end of the guide.
d) in the center of the wide dimension,
parallel to the narrow dimension, and
one-quarter wavelength away from the
shorted end of the guide.
3) A wideband probe is  a) small in diameter.
b) large in diameter and is conical or

doorknob shaped.
¢) doorknob shaped.
d) conical.
4) The loop can take a) into the waveguide.
energy b) out of the waveguide as well as put

energy into it.
¢) into the waveguide as well as put
energy out of it.

5) Any device that will a) inside the aperture.
generate an E-field b) far from the aperture.
can be placed ¢) near the aperture.

2. Read the following statements and agree or disagree or say «l
don’t know».

1) The wideband probes are used to take energy out of waveguide and
deliver it to coaxial cables.
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2) If the frequency of the current isn’t correct, energy will be
transferred from the loop to the waveguide.

3) When less coupling is desired, the loop cannot be rotated or
repositioned until it encircles a smaller number of lines of force.

4) A good way to excite the waveguide or to couple energy out of it is
simply to leave the end closed.

5) The E-lines expand first across the aperture, then across the interior
of the waveguide.

3. Answer the following questions.

1) In what form is the energy in waveguides?

6) What excitation techniques are used in conventional microwave
systems?

7) When can field having considerable intensity be established and
maintained?

4) Where will the probe work equally well?

5) How long does a magnetic field build up and expand?

4. Write a text analysis.

Working with Vocabulary and Grammar
5. Complete the table.

Noun Adjective Verb
Excitement
Connect
Conventional
Detachable
Formation
Locate
Impedance
Generate
Different
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6. Translate the sentences paying special attention to the words in
italics.

1) No one knows where the laser may find its greatest use.

2) In the selecting a star as a fix for a celestial navigation system, we
choose one whose light has an angle of incidence as nearly equal as
possible to the normal for the earth’s atmospheric layer.

3) This usage is likely to continue and grow. It could be very likely
fatal.

4) An additional area also seems likely to experience a substantial
growth.

5) On the other hand, to the radio and communications engineer, light
is a smooth electromagnetic wave train which can exhibit
interference phenomena, polarization, etc.

6. Open the brackets to make the sentences complete.

1) If the temperature (to raise) above 32°F the solid ice (to become)
the liquid form of water. If the temperature (to raise) still higher to
212°F, the liquid (vaporize) into the gas known as steam.

2) If the atom (to be) constructed as Thompson visualized, the positive
alpha particles (to have) their paths deflected by small amounts due
to the positive charge distributed evenly through the atom.

3) If the second crystal or sheet (to be) rotated 90° with respect to the
first, no light (to pass) through.

4) If slot (to be) rotated 90° in the foregoing before, the waves (to
pass) through it.

5) If the atom at some given time (to be) in an excited state, its
electrons (to be) at any level except the ground state.

7. Match a statement with a suitable ending and translate them:

1) Laser outputs are referred to basically just producers of light
and radiant energy.

2) The shorter the wavelength, heat, light, radio waves, X-

rays, cosmic radiation and

ultraviolet rays.
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3) Lasers and masers are in terms of their wavelength.
8) Examples of electromagnetic composed of quanta of energy,
waves are each with a well prescribed

wave number.
5) To the physicist, light is the smaller the object that can
reflect the waves effectively.

FiDiscussing the text
8. Discuss the following:

1) the waveguide must be properly excited or fed in order;

2) the best place to locate the probe is in the center of the wide
dimension, parallel to the narrow dimension, and one-quarter
wavelength away from the shorted end of the guide;

3) the probe is fed with a coaxial cable;

4) sometimes it is necessary to excite a waveguide with a wide band
of frequencies;

5) E-lines are set up parallel to the wire.

9. Prove the following choosing the facts from the text:

1) the waveguide must be properly excited or fed;

2) the best place to locate the probe is the point of maximum coupling
between the probe and the field;

3) sometimes it is necessary to excite a waveguide with a wide band
of frequencies;

4) an excitation loop is used in radars;

5) the loop can take energy out of the waveguide as well as put energy
into it.

10. Give some more information to the following:

1) another way to exciting a waveguide;

2) the location of the loop for optimum coupling to the guide;

3) an efficient way of getting the energy out of the waveguide;

6) inserting a small probe or antenna into a waveguide and applying
an RF signal;

5)the excitation device.



COKPALIEHUSA U YCJOBHBIE OBO3HAYEHUA

Ar argon

As arsenic

Cr chromium

CwW continuous wave
Ga gallium

Er erbium

Hz hertz

Kr krypton

LED light-emitting diode
mKkj microjoule

mkm micrometer

mks microsecond
mwW milliwatt

Nd neodymium
near-IR  near infrared
near-UV near ultraviolet
nm nanometer

Pb lead

PDT photodynamic therapy
Si silicon

Ti titanium

RF radio frequency
HeNe helium-neon

aproH

MBIIIBSIK

XpoM

HE3aTyXaloI1e BOJIHBI
rajaui

apOuii

repi

KPHUITOH

CBETONO
MHUKPOIKOYJIb
MHUKPOMETP
MHUKPOCEKYHIa
MUJTUBATT

HEOUM
OmxHUIHHppaKpacHBIT
JMana3oH

OJIMKHUH yIBTPadrOIETOBEII
JMaIna3oH

HaHOMETP

CBHUHEL

CBETOBasl TepaIlus
KpEeMHUI

TUTaH
BBICOKOYaCTOTHBIN
reJINH-HEOHOBBIN
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ENGLISH-RUSSIAN VOCABULARY

COKPAIIEHUS
a — adjective — npuiarateiabpHOe
adv — adverb — napeune
Cj — conjunction — coro3
N —NOUN — CyLIECTBUTEIBHOEC
num — numeral — yuciurenpHOE
pl — plural — MHOXECTBEHHOE YMCITO
pron — pronoun — MecTOMMeHHe
prp — pronoun — mpeor
V — Vverb — riaron

A
acceptance [ok’septans] n 1. npuHATOE 3HAYEHHE CIIOBA,

2. IPUHATHE, IPUEM
accompany ['kampani] V  COMPOBOXKIATh,

COITyTCTBOBAaTh
actuator ['ektjuerts] N CHIOBOW IPHUBO;

PYKOSITKa TIPUBOJIA; COTCHOU/T
affect [o'fekt] V  BO3JCHCTBOBATH; BIUATH
aluminium [@ljuminjom] n  agromMuHIi
amaze ['meiz] V  yIUBIATH, IOpaXaTb
amorphous [a'mo:fes] a  GechopmeHHBIH; aMOPhHEIIA;

HEKPUCTAIITNYECKUI
appear [o'pia] V  IOKa3bIBAaThCS; MOSBIATHCS,

MIPOSIBIIATHCS
approximately [o'proksimith] adv npuGmusurensHO;

MPUOIIKEHHO; TIOYTH

architecture ['a:kitekt o] N apxuTeKTypa

arsenic ['o:snik] N MBIIBSK

arsenide [‘ou:snid] N apceHHp

assortment [¢'so:tment] N acCOPTHUMEHT,; COPTUPOBKA
attainable [o'tenabl] a  JOCTHKUMBIT

audience ['0:djans] N 3puTend; ayaHeHIHs



aware [o'wed]
B
barrier ['beeria]
behave [brheiv]
bend [bend]
biological [baiau’lodzikal]

birefringence  [bire'frindzens]

birefringent [bire'frindzent]
bore [bo:]
broaden ['bro:dn]
build-up [bildAp]
bulky ['bAalki]

C
calipers = callipers ['keelipaz]
catastrophic [ keetastraefik]
cavity ['keeviti]
chamber ['tleimba]
codope [kau'daup]
coherence [kau'hiarens]
collateral [ko'leetoral]
collide [k&'laid]
combine [kam’bain]
company ['kAampani]
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3HAIOIIUN, CO3HAIOIINHA

Oapbep; MpemnsITCTBHE; TOMeXa
1. mocTymare, BecTH ceos;

1. u3ru6d

2. THYTb, U3ru0aTh; CBI3bIBATH,
HAIIPaBJIATh

OMOJIOrHYECKUI
JIBOMHOE JTyYENPETOMIICHUE

JIBOSIKOTIPEIOMJISFOLLIANA

1. nmameTp oTBepCTHS;, Kaauop;
2. CBEpIINTh, pacTa4nBaTh
pacimpsth(cs)

MOCTPOCHHUE, HApaCTaHUE;
00paszoBaHme; TTOBHIIICHUE
(mapameTpa)

OOJIBIIION, 00OBEMHUCTEIN;
TPOMO3JIKUI

KPOHILIMPKYJIb; KaJIuop
KaTOCTPOUIECKHIA

1. KroBeTa; MOJIOCTH, BIIAJMHA,
2. pe3oHaTop

Kamepa

BKpAaIUICHUE

KOT€pEeHTHOCTh

MOOOYHEIH; BTOPOCTETICHHBII
1. crankuBaThCH,

2. BCTyNaTh B IPOTHBOPECUHE
00BeANHATD; KOMOWHHPOBATH;
CMEIINBATh; COYETATh(CsA
00I1IECTBO; KOMIIAHUS



compulsory

confine

congenital
constrain
criterion

cryogenic

cylindrical
D
damage

dentistry

dermatology
desirable
desire

detour
diagram
discharge
dye

E
employ

engraver
entire
establish

estate
excess

[kam'pAseri]

[ken'fain]

[ken'dzenitl]
[ke'strein]
[kri'terion]

[kraiou'dzenik]

[si'lindrikal]

['deemids]

['dentistri]

[do:ma'toladal]
[di'zaierabl]
[di'zaig]

['di:tua]
['dalagraem]
[dis'tfou:d3]
[dai]

[im'ploi]
[In'greiva]
[In"taig]
[1s'teeblif]

[1s'teit]
[1k'ses]
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MPUHY TUTCTbHBIH;
00s3aTeIbHBIN
OTpaHUYHBAThH

MIPUPOKIECHHBIN; BPOKIACHHBIN
MIPUHYK1aTh; BEIHYK/IaTh
KpUTEpuit

KpUOTEHHBII; HU3KOTEMIIEpa-
TYpHBIA

LIMHIPHYECKUI

1.moBpexnaenue; ymepo,

2. IOBPEkKIaTh, HAHOCHUTh
ymepo

nedeHue 3y0oB
JIEPMAaTOJIOTHs
JKeJIaTeNbHBIN, TTOIX OO
1. )xenaHwue; nMpock0a;

2. KeaTh, XOTETh

00X0/1; OKOJIBHBIN My Th
Jquarpamma

paspsn
1. xpacuTensb; 2. OKpalIuBaTh

1. cmyx0a; pabora

2. IPUMEHSATH
rpaBepoBaTh

MIOJTHBIN; COBEPIIEHHBIN;
OCHOBBIBATh, CO3/1aBaTh,
YCTaHABIUBATh
MOJIOXKEHUE

H30BITOK



experience

exposure

eventually

F
facilitate

failure

feature
fixture

fluorescence
furnish

G
gallium

gauge
groove
guide

garnet

H

halogen
headset

[1ks'piarians]

[1ks'pauza]

[1'ventfoh]

[fe'sihitert]
[feljo]
['fi:t)o]
['fikst[e]

[flue'resns]
[fo:ni]]

['geeliam]
[gerd3]

[gru:v]
[gaid]

[gau:nit]

['heeladzan]
['hedset]
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adv

=}

1. OMEBIT; SKCIIEPUMEHT;
2.MCIIBITHIBATh; 3HATH I10 OIBITY

1. KOIMYECTBO OCBEIIEHUS,
2. (hOTO BBIIEPIKKA;
9KCIIOHUPOBAHHE

3. paborars (o mpubdope)

B KOHEYHOM CUETE; B KOHIIE
KOHIIOB, CO BpeMEHEM

o0Jjeryarb; coneiCTBOBATD;
CIIOCOOCTBOBATD; MPOABUIAThH
HEJIOCTAaTOK, OTCYTCTBHE;
Hey/1a4a;poBa;
HEOPEKHOCTh
0Cc0OEHHOCTh;CBOICTBO; YepTa
MIPHUCIIOCOOIeHNE; TTPUOOp;
apmarypa

cBeueHHe; (HIyopeceHIHs
CHa0XXaTh; IPEOCTABIISITE,
JOCTaBIIATh

rajaaun

1.mepa; macmitad; pa3mep;
2. U3MepSTh; IPOBEPSTE;
OLIEHUBAThH

XKeJOOUTh; JieNlaTh KaHABKU
BECTH; HANpPaBJISATh; ObITh
MIPUYUHON

rpaHar

rajgoreH
TOJIOBHOU TeneoH



heart

heavy
helium

heterostructure
homojunction

|
incorporate

inject

insulator
interaction
interferometry
ion

J
jammer
jamproof
jitter
joining

junction

K
kerf
key
kinetic
kit
knob
krypton

[ho:t]

['hevi]
['hr:ljom]

['hetorau'strakt o]
[homau'dsAnk Jan]

[In'ko:panit]

[In'd3ekt]

[insjuleito]
[inter'aek Jon]
[intefiz’romatri]
["a1an]

['d3&ema]
['d3empru:f]
['daita]
['dzoinim]
['d3Ankn]

[ka:f]

[ki:]
[kar'netik]
[kit]

[nob]
[kripton]
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CEepALEBUHA; AIPO;
CEpAECYHUK
TSHKEIIBIN

ey
reTepoCTPYKTypa
FOMOIIEPEXOL

COCTUHCHHEIH;
00bEIMHEHHDI,
HepazJenbHbINA

BOPBI3TUBATh; BAYBaTh,
BBOJUTH; BIPBICKUBATh
H30JISITOP
B3aUMOJICHCTBHE
nHTepPepoMeTpust

HOH

nepeaaTIuKIoMex
[IOMEXO03aIIHIIEHHbII
IpoXKaHue; pa3dopoc
COCAMHEHHE; COUIICHEHHE

1. mepexon; 2. coeqMHEHNE

paspes; mpopesb

KJII0Y

KHHETHYCCKUH
KOMIUIEKT; HabOp

map; pyKosiTKa; KHOIKa
KPHUIITOH



L
lateral ['leetoral]
lathe [le1d]
layer ['leia]
lens [lenz]
liquid ["ikwid]
loiter ['loita]
longitudinal [lond3i'tju:dinl]
M
measure ['me3a]
mention ['men)n]
mirror ['mira]
mixture ['mikst/a]
mode [maud]
mold ['mauld]
molecular [mau’lekjula]
N
narrow ['neerau]
neodymium [nizou'dimiam]
neon ['nizan]
nerviness ['na:vines]
nervy ['ne:vi]
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n
n
n
a
v
a
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QD

0O0KOBOI1; TOPU3OHTAIBHBIIA;
MOOOYHBIN

TOKapHBIM CTAaHOK

CJIOH; TUIaCT, HACJIOE€HUE
JINH3a

1. xuaKkuii; 2. KAIKOCTh
MEJINTE, OTCTaBaTh

MPOONbHBIN

1. Mepa,; ipenen; CTeIeHb,
2. MEpHTH

YIIOMUHAHUE; CChIIKA

1. 3epkaro;

2. 3epKalibHast TOBEPXHOCTH;
3. oroOpaxeHnue

CMECH; IIPUMECH

MOJIa; THI KoJeOaHus

1. dopma, mipecc;

2. IpecoBaTh
MOJIEKYJISIPHBII

1. y3Kas 4acrts,

2. y3KUH;

HEOIUM

HEOH
BBICOKODJIACTHYECKOE
BOCCTaHOBJICHUE
BBICOKODJIACTHYECKH
BOCCTaHABIIMBAIOIIUIC
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notorious [nau'to:nes] a 1. monp3yromuiics TypHOM
CJ1aBOM;IeYaJIbHO U3BECTHBIN;
OTBSIBIICHHBIN; IPECIIOBYTHIH;
2. U3BECTHBIN

notoriously [neu'to:riesh]  adv mpecimoByTO

@)
ophthalmology [offzl’'mold3l] N odranemomorus
originate [6'ndzineit] v JlaBaTh HAYaJIO; TIOPOXKIATH;
CO03/1aBaTh
orthogonal [0:'60ganl] a  OpTOraHaJbHBIN;
NPSIMOYTOJIbHBIN;
NEepIEHIUKYISIPHBIA
»]

photoablation  [fautauzb’leifon] n  poroymanenne
photolithography [feutauli’®ografi] n  doromurorpadus

plastic ['pleestik] n 1. mmactmacca; INIaCTHYHOCTE;
a 2. mIacThyecKuit

plethora ['plebara] n 1. monHOKpOBHE; 2. H300MITHE,;

00JIBIIION H30BITOK

predict [pri'dikt] V  TmpeacKasbiBaTh

preferred [pr'fa:d] a  TPUBHUICTHPOBAHHBIN

primary ['praimori] a  HavaJIbHBIA

profound [pra‘faund] a 1. rmyOoKwmii; OCHOBAaTEIBHbII;

2. TIOIHBIN; a0COIIOTHBII

prompt [prompt] a  OBICTpBIi; TOYHBIN
propel [pra'pel] v 1. mpoxBuraTh BIepen,
TOJIKATh; PUBOJIUTH B JIBIDKCHUE;
2. IBUTaTh; CTUMYJIHPOBATH;
3. moOyX1aTh
proportional  [pre/po:fenl] @ mpomopmoHambHBIE
proportionately ~ [pre'po: jith] a  Copa3MepHO; MPOITOPITHOHAIBHO
public ['pAbliK] a 1. oOIecTBEHHBII;



pulse

Q

Q-factor
Q-switch
quality
quantity
quantum

guench
quivering

R
rail

rare-earth
relegate

resemble
resolve
restrict
revolution

ribbon

robust

[pAls]

[kju:'feekts]
[Kju:swit]]
['kwoliti]
['kwontiti]
['kwontam]

['kwent]]
['kwivarm]

[reil]
[ree'a:0]
['religert]
[r'zembl]
[r'zolv]
[ris'trikt]
[revalu:[an]

['riban]

[rau’bast]
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roCyJJapCTBEHHBIH;
2. 001IeCTBEHHOCTh
yJIbC; OMeHne

JI0OOpPOTHOCTH

MOIYJISATOP JOOPOTHOCTH
Ka4yecTBO

1. BemnunHa; 2. KOJIHYECTBO
1. xBaHT; (OTOH;

2. KBaHTOBBIH

TYIIUTh; TACUTh

YIJI0BBIE (QIIYKTyaluu
HaTpaBJICHUS

penbe; orpana; Opycok;
nepeKIaanHa
peliKO3eMeIbHBIN

1. oTchIIaTh; HANIPABIISTS;
OTHOCHTE;

2. xinaccupuUupOBaTh
MMOXOJUTh, UMEThH CXOJICTBO
pElICHUE; PEIIUTEIIHOCTD;
penaTbes

OrpaHUYUBATH
PEBOJIIONNS; TIEPEBOPOT
JIEHTA; y3Kas ITOJIOCKA,
JICHTOYHBIH

1. xpenkwuii; 3OPOBHIA;
CHIILHBIN;

2. 31IpaBbIH, SICHBII



scar

shape
shift
shrink

simplify
solvent

span

spatial
species
sprout
subsequent

surgical
symmetrical

T
temperature
terminal

threshold
tissue
transfer
transverse
treatment
tunable
typical

[skou]

[leip]
[ft]
[Jrink]

['simphfai]
['solvant]

[spaen]

['spei o]
['spi:)i:z]
[spraut]
[sAsikwant]

['se:dzikal]
[si'metrikal]

['temprito]
["ta:minl]

['Ore Jhauld]
['tiju:]
['treensfa]
['treenzve:s]
['tri:tmant]
['tju:nabl]
["tipikel]
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1.pyber;

2. OCTaBJIATH IIPaM;
pyOneBaThCs

dhopma; BU

M3MEHEHUE; NTEPEMEILIEHUE; CABUT
COKpAIlaThCsl; YChIXaTh;
OTCTYIATh

ynpouiath

1. pacTBOpHUTETIE;

2. pacTBOPSIFOIIHI

1. mepuom BpeMeHH; TUAIIO30H;
2. I/I3Mep$ITB; OXBaThIBaTh
MPOCTPAHCTBEHHBIN
Pa3HOBUIHOCTH; BHT
OTPOCTOK; VOTpPaIIUBaTh

I 13201105071

XUPYpPrUYeCcKUn
CUMMETPUYHBIN

TeMIieparypa
1. 3aKIFOYUTENBHBIN, KOHEYHBIH,
2. ICPUOAMYCSCKUI

IIOPOT; HAYAJIO

TKaHb

nepeMenieHue; nepenaya
MOTNEPEYHbIN

00paboTKa,; JIeUeHNe; X0
FapMOHHUYHBIN

1. TUNAYHBIHA;

2. CUMBOJIMYCCKUH



U
uniquely
utilize

\
vapour

vein

via
vibrational
vibronic
violet

vital

vivid

W
wart
waveguide
worth

X
Xenon
xerography

X-irradiated
X-rays
Y

yawn
yield

[ju:'nikli]
[ju:tilaiz]

['velpa]

[vein]
['vaio]
[var'brei nl]
[var'bronik]
['vaialit]
['vaital]
['vivid]

[wo:t]
['weivgaid]
[wa:6]

['zenon]
[z1'nografi]

['eksireidi'er fan]

[‘eks'rei]

[jo:n]
[ji:1d]
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YHHUKaJIbHO
HCIIOJIBb30BaTh

1. map; ucnapenus;

2. ucrapsTbes

NPOXKUITKA; KPOBEHOCHBIH COCY
yepe3

BHOPaIIMOHHBIN
BUOPOHUKOBBIN

(uoseToBbBIH

KU3HEHHO BaXKHBIN

SIPKUH; SICHBIN

HapoCT
BOJIHOBOJI
IIeHa, JOCTOMHCTBO

KCEHOH
Kceporpadus;
anexkTpodororpadus
00JTy4EeHHBII PEHTTCHOBCKHMH
JTy4aMH

PEHTTCHOBCKOE U3Iy4YeHHUE

3a30p; MPOCBET

1. TeKky4ecTh; BBIXOI, OTAaua,
MIPOM3BOIUTENHLHOCTD;

2. TeYb; IEPEXOIUTH B
COCTOSTHHE TEKYIeCTH
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yieldability [jr:1de'biliti] n 1. mWIacTHYHOCTH, CIIOCOOHOCTD
JIaBaTh OCTATOYHbIC
nedopmaruu 6e3 pa3pyIieHus,
2. HAJTMYKe HU3KOTO Mpeaesa
TEKY4eCTH,;
v 3. CxumaeMocts (cmpykmypu-
POBAHHBIX OUCNEPCHBIX CUCTEM)

yield-weighted [ji:ldweitid] a  B3BCIICHHBIH MO BBIXOIY
yoke [jouk] n 1. 3aKAM; XOMYT;
2. OTKJIOHSIOIIAs CUCTEMA
Y-shaped [war' feipt] a  Y-oGpa3sHbrii
yttrium ['1triam] N urTpHi
Z
zone [zaun] N  30Ha, 00IacTh
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