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 !"#$% I: 

&&$#$'($ & )*+),#$-+ )'(-.. 

 

UNIT  1.1 

________________________________________________________ 

 

PART 1 

I. Mind the pronunciation of the following words: 

approach [ 'pr u ]             !""#$%&'(!)'*, "#'+,'-./'.,  

        &+,'-./'.; "$01$0 % #.2./'3;  

       #!&&($4#./'. 

branch [br!’n ]            5.456; $4#!&,6 

briefly ['bri’fl"]    %#!4%$; &-!4$ 

circuit ['s#’k"t]    )."6; 7!(%/84!* ,'/'*; &1.(! 

coaxial ['k u'æks" l]   %$!%&'!,6/9:; '(.3;': $+;83  

                                                       $&6 

computation['k$mpju'te"%( )n]        59<'&,./'., #!&<.4 

conclusion[k n'klu’ ( )n]              7!%,3<./'., #.78,64!4 

contemporary[k n'temp( )r( )r"]     &$5#.(.//9:; 

                                                                  $0/$5#.(.//9: 

depth [dep=]        >,8+'/!; 4$,;'/! 

emphasis ['emf s"s]     "#'0!5!46 $&$+$. 7/!<./'.,  

        $&$+.//$ "$0<.#%'5!46 <4$-,'+$ 

environment["n'va" r( )nm nt]       $%#8-!3;!* &#.0! 

fiberoptics[fa"b '$pt"ks]        5$,$%$//!* $"4'%! 

flexibility [‘fleks"'b"l t"]                >'+%$&46 

frequency['fri’kw n(t)s"]                <!&4$4! 

furthermore[‘f#’ð 'm$’]   % 4$(8 -.; %#$(. 4$>$; +$,.. 4$>$ 

guide[ga"d]        1. 5$,/$5$0, /!"#!5,*3;.. 8&4#$:&45$; 

                         2. /!"#!5,*46, 7!&4!5,*46 05'>!46&* "$  

                                       "#.0"'&!//$:  4#!.%4$#'' 
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increase [' nkri’s]           !"#$%&$&', ( )*+,+ $&'; (%+*+ $&' 

intimately [' nt m-t]  &)%.!, /*!&.!; 0*(1!2! 

invention [ n'ven!(-)n]  +"!1#)&).+) 

layer ['le -]            %*!3; /*).2$; /#!2*$42$; #$"#)" 

merely  ['m -l ]  &!*'2!; /#!%&!; )4+.%& )..! 

near-infrared [n -’ nfr-'red] 1*+5.66 +.7#$2#$%.$6  

                                                                   !1*$%&' (%/)2&#$) 

penetrate  ['pen tre t]      /#!.+2$&'  .(&#';  

                                                                   /#!.+"8 $&' 

propagate  ['pr"p-ge t]       #$%/#!%&#$.6&'(%6) 

prove  [pru’v]       4!2$"8 $&'; /!4& )#54$&' 

purely  ['pju-l ]   +%2*9,+&)*'.!; %! )#:)..!; 

        /!*.); ,+%&! 

remain  [r 'me n]           !%&$ $&'%6 

satellite  ['sæt(-)la t]  %/(&.+2 

semiconductor [‘sem k-n'd#kt-] /!*(/#! !4.+2 

shrinking [!r ;k ;]             %!2#$<).+); %5$&+) 

supplement ['s#pl m-nt]   4!/!*.+&)*'.83 

transistor  [træn'z st-]   &#$."+%&!# 

various  ['v$-r -s]     #$"*+,.83 ; #$".!!1#$".83;  

                #$".!%&!#!..+3 

visible  ['v z-bl]     +4+=83 

wavelength ['we vle;>]    4*+.$ !*.8 
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II. 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     

 

III. Read and guess the meaning of these words:

  

basic ['be s k]          gigantic [‘!a 'gænt k] 

cable ['ke bl]          information [‘ nf 'me "( )n] 

communication [k ’mju’n 'ke "( )n]      method ['me! d]  

component [k m'p un nt]              microwave  ['ma kr (u)we v] 

computation [‘k#mpju'te "( )n]      optics ['#pt ks] 

control [k n'tr ul]          optoelectronic ['opt  lek'tr#n k] 

dominate ['d#m ne t]          photon ['f ut#n] 

electronics [‘elek'tr#n ks]         processing ['pr uses "] 

technology  [tek'n#l ! ] 



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 - . 

c)     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: I 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   

(I, 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: 

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

supplement,  

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

fiber,  

      emphasize 

[æ]  and, as,  can, that, than, add, black,  satellite 

[ :] her, first, early, circuit, furthermore 

 

VII.   Read and translate text  A1.1.Say why optoelectronics 

has become and remains one of the fastest growing branches. 

  

    TEXT   A 1.1 

 

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 



 

 

10

 

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: 

 !"#$ %&$'&%#() )"*%$+' )); %,#%-.!(#$%""/! 01!+/; 

$'2.)3"/! %#$'0.) %,#%-.!(#$%")(); 0(%" !"#$)$%4'#5 

4")+'")!; 0,%0%&"%0#5 ,!$!6'4'#507 3!$!2 0$!68;  9.8&)"' 

0:'#)7 %&%.%3(); &!24%."%4%6"'7 ,!$!6'3'; )0(800#4!""/; 

0,8#")( 0472); 4 ,$%#)4%,%.%:"%0#5 3!+8-.)&%; "!,$%4%67<'7 

0$!6'; 4 2'(.=3!")! 1%#!.%05 &/ 0('2'#5, 3#%... 

 

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 

than1 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 ... 

 

XII. 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? 

 

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

 1. real    1.  !"#$%!"&'%() 

 2. another    2. !*' "&$!  () 

 3. optical    3. +,-.'/ () 

 4. single    4. 0+#"&#) 

 5. incompatible   5. #1+#% () 

 6. thesame            6. 0,+,..!.2 () 

 7. large    7.  '-3') 

 8. parallel    8. *+41#) 

 9. nonlinear   9. *!)"&$'&!.2 () 

        10. fast    10. #0&'/!"3') 
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        11. new    11.  !  "# $%&'( 

        12. various    12. )!*+,!( 

        13. simple    13. )'$ -'( 

        14. great    14. .!/'( 

        15. low            15. .#*0.#(.'( 

  

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, c) 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, c) experimental,  

       d) mental 

 9. long     a) prolonged, b) additional, c) rounded, d) feasible 

        10. regular     a) closing, b) final, c) 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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 XVI. 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. 

  ! "#$%&'()*%+,+ "#'-).).'/ +"&'%' 0 .$1' 2.' 0*) 3+4)) 

0$5.+) !.$().') "#'+3#)&$6& +"&+74)%&#+.'%$ ' 0+4+%+..$/ 

+"&'%$. 8"&+74)%&#+.'%$ +90$&:0$)& "#'-).).') +"&'()*%+,+ 

'!4;().'/ 0 74)%&#+..:9 "#'3+#$9. < 0+4+%+..+= +"&'%) 

'!;($)&*/ ")#)2$($ '.>+#-$?'' "+ *0)&+0+2$-. @+/04).') 

4$!)#+0 "+!0+4'4+ #$!#$3+&$&A #/2 -)&+2+0 *+!2$.'/ ' 

;"#$04).'/ *0)&+0:-' ";(%$-' 0:*+%+= '.&).*'0.+*&', $ &$%5) 

"+4;().') +3B)-.:9 +"&'()*%'9 '!+3#$5).'= 3)! "#'-).).'/ 

>+%;*'#;6C'9 *'*&)- (,+4+,#$>'/) ' 2#. 

  

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...; I 

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. I 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 I  

begin to give a lecture. The first one is : what does 

optoelectronics mean? 

 Student A: . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . 

 Teacher: Where do people use optoelectronic devices? 

 Student B: . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . 

 Teacher: Well. What kinds of optoelectronic devices do you  

                        know? 

 Student A: . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . 

 Teacher: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 Student B: . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . 

 Teacher: . .  . . .  .  . .  . .  . . . . . .  . . . . . . . .  . . . . . .  . 

   

      XXII. Choose a partner and talk about some problems which 

arise in electronics.  

 

      XXIII. Write a summary of text A1.1 Limit it to 10 sentences. 
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PART  2 

 

I. Mind the pronunciation of the following words:  

 

announce [ 'naun(t)s  !"#$%&$'(, )*%+,-'(; ./"&)0!%-'( 

compete [k m'pi’t]  0!10/2)2!%-'(, 3!2+%1!%-'(3$ 

derive [d 'ra v]  .!&/4-'(; .2!)35!6)'(;  

.2!)*%!6)'(; !'%+'%&$'( 

dope  [d up]  6!"-%&$'(; &+7)2!%-'( 

drawback ['dr!’bæk]  .2+.$'3'%)+; 1+6!3'-'!0  

frame [fre m]  3'2!+1)+; 0-20-3; 2-80- 

glow  [gl u]  1-0-&$'(3$ 6!02-31-; 3%+')'(3$;  

'&+'( 

hang  [hæ9]  %+:-'(, 2-*%+:)%-'(  

hemisphere ['hem sf  ] .!&/:-2)+; 3;+2- 

manufacturer[‘mænju'fæk"( )r ] .2!8<:&+11)0 

monocolour['m!n u'k#l ] !61!=%+'1<>, !61!'!11<>;  

4+21!-"+&<> 

portable  ['p!’t bl]         .!2'-')%1<>, .+2+1!31!> 

suffer      ['s#f ]   3'2-6-'(; .2+'+2.+%-'(, '+2.+'(;  

)3.<'<%-'( 

top         [t!p]   .!02<%-'(; .2+%!35!6)'(,  

.2+%<:-'( 

trap  [træp]  /&-%&)%-'(; .!7&!,-'( 

venerable ['ven( )r bl] 3'-2<>; 62+%1)> 

wire  ['wa  ]  .2!%!6;  .2!%!&!0- 
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II. Read text B 1.1. 

 

TEXT B 1.1 

 

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] 



 

 

20

 

III. 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: 

 !"#$#%&'() *!+ ,-#."; /%0 1.) 0 21.*#"!! #%3.0*!) 

 $'.1,-; &.4$#, '$ 0#.'5; LCD 2*"$';  "./.1,'() 56!1 7".'%8; 

0!3.#$'%. &!1!*!''!) ! #%*% % LCD #.9'%*%; #$*!) :. 8"*%), 

*$*;  1$7+.''$8  $'.1,;  ." .'/%*518"'( /"56 /"565. 

 

IV. Find a sentence which expresses the main idea of each 

paragraph of text B1.1. Entitle each paragraph.  

 

V. Look through text B1.1 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. 

 



 

 

21

 

VII. 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: I 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). 

  

XII. Write a summary of the text. 

 

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

following phrases:  

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

so... 

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 it is ... 

 

 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   C 1.1 

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:  

  !"!#!$$!-!%&'()*#') *)$*!+,; !%&'()*#') * !-*& . 

 !"!#$.;%+'/)*$,) *)$*!+,; *!0*& )$,) *)$*!+,; * )& $.('$.)& 

%+!$'#.&1;!*$! .$$,- $. '$&)+2)+)$3'' * )&! ,4  !"$; 

* )+4&!($,-; #"5() .6 !0".*&1. 

 

 XIX. Retell text C1.1.Use the following phrases:  

It is considered that...; rather hard to say...; may be called...; I would 

advise to call your attention to ...; that's quite clear ...; I should say that 

... 
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UNIT 2.1 

________________________________________________________ 

 

PART  1 

I. Mind the pronunciation of the following words: 

advantage   [ d'v ’nt!"] !"#$%&'#()*+ 

array   [ 're!]  ,#!+-./; !+(0#1+*/)#023+()2;  

%/(($* 

attend  [ 'tend] (+!&)()*+*/)2; (+!"+*+41/)2 

attract  [ 'trækt] !"$*0#./)2; !"$)56$*/)2 

available  [ 've!l bl]  1+()&!378, $%#9'$8(5 

      * "/(!+"54#3$$ 

compare  [k m'p# ]  ("/*3$*/)2 

consequently ['k$n(t)s!kw ntl!] (0#1+*/)#023+, !+:)+%&,  

* "#;&02)/)# 

couple  ['k%pl]          1. !/"/, 1*/    

      2. (+#1$35)2, (*5;7*/)2 

development [d!'vel pm nt] "/;*$)$# 

diode  ['da! ud]  1$+1 

enormous  [!'n$’m s] 6"+%/1378, +6"+%378 

expand  [!k'spænd]  "/(<$"5)2; &*#0$-$*/)2* +=>#%# 

hold (held)  [h uld]          1#"4/)2; *0/1#)2; $%#)2 

improve  [!m'pru’v]  &0&-</)2, (+*#"<#3()*+*/)2 

include  [!n'klu’d]  ;/.09-/)2; (+1#"4/)2 * (#=#; 

*.09-/)2 

lifetime  ['la!fta!m]          *"#%5 4$;3$ 

likely  ['la!kl!] *#"+5)378; !+1?+15'$8; 

     *#"+5)3+ 

major  ['me!" ]  =+0## */4378; 60/*378 

market  ['m ’k!t]  "73+. 
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massively  ['mæs vl ]   !""#$%&; '()*+&;  ,+&'%& 

mount  [maunt]  ,&-%# !'.; /"'!%!$+#$!'.,  

 &%'#0&$!'. 

offer   ['!f1]   ,0*-+!2!'. 

on-wafer  [on'we f1]  ,&"+&3%43   

pixel   ['p ks(1)l]  ,#5"*+.; '&65!#7&80!)*%#( 

potentially  [p1'ten"(1)l] $&7 &)%&, ,&'*%9#!+.%& 

provide  [pr1'va d]        "%!8)!'., &8*",*6#$!'. 

serve  [s#’v]         "+/)#'. 

smart  [sm$’t]  0*75#3; "#+.%43; 84"'043 

source  [s!’s]   #"'&6%#5 

successful  [s1k'sesf(1)l] /",*:%43; /-!6%43;  

,0*/",*$!;<#3 

superior  [s(j)u’'p 1r 1] $4":#3; "'!0:#3;  

,0*$&"=&-%&2& 5!6*"'$! 

surface  ['s#’f s] ,&$*0=%&"'. 

switch  [sw %] ,*0*5+;6!'. 

thrive  [>ra v]  ,0&9$*'!'., ,0*/",*$!'. 

throughout [>ru'aut]  $& $"*= &'%&:*%#(=; "&$*0:*%%&;  

                                            ,&$";-/; %! $"*  ,0&'()*%## 

vertical-cavity ['v#’t k(1)lkæv1t ] $*0'#5!+.%43 0*7&%!'&0 

workshop  ['w#’k"!p]           !"'*0"5!(; "*59#(; "* #%!0;  

"# ,&7#/  

 

II. 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 

 

III. Read and guess the meaning of these  words: 

active ['ækt v]   national ['næ!( )n( )l] 

alternative ["’l't#’n t v]  parallel ['pær lel] 

candidate ['kænd de t]   perpendicular [‘p#’p( )n'd kjul ] 

diode ['da  ud]   program ['pr ugræm] 

group [gru’p]   system ['s st m] 

illustrate [' l stre t]   tradition [tr 'd !( )n] 

indicate [' nd ke t]    

 

 

LOOK,    READ,     REMEMBER ! 

     -ly 

    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 

to be  +  V + ing, 

  !"   tobe  - #$%&'& ()"*+,-.  *( &* 

  V + ing $'-$*&#&.  *( &* $ -ing &/&,0(,1"' 

Present Continuous: (is, are, am) +V + ing  

1. Now. 2. Look! Listen! 3. It's 9 o'clock. (2&0,&" 3/(4(,1"#5"'",1) 

  Examples: 

 1. Look! The engineers are repairing the device. 

 2. I 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 ... (%(5(**"*+,-"!".$)#16). 

 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. I was waiting for my friends at 

home. 

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

book. 

4. While I 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 

 

 !"#$%$&'#()*' - +$,&( !'+", -*&*!$. /0*&!'1#.'&,. 2#. 

*1*3)$+')". 0!"3)$-$ 0!'24'&$: 

 thematerialsystem   -       4$&'!"$#()$. ,",&'4$ 

 aresearchgroup       -        ",,#'2*5$&'#(,-$. %!/00$ 

 ahighpriority        -        56,*-"7 0!"*!"&'& 

  !"#$%$&'#()6' 5  $)%#"7,-*4 .36-'  "4'8& &!" 

,&'0')" ,!$5)')".: 

positivedegree  ['pozitivdigri:]       0*#*9"&'#()/8 

 comparativedegree [k:mper:tivdigri:]    ,!$5)"&'#()/8 

 superlativedegree  [sju:p:l:tivdigri:]        0!'5*,;*2)/8 

 

1. 

 

large - larger- the largest    

. 

2. 

 

funny- funnier - the funniest  

 

 

gay  -  gayer  - the gayest 

 !a consonant;     "!-  a vowel 

 

 

Adj(e)   - Adj(e) + -er  - the  Adj(e) + -est 

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

Adj("y) - Adj(y)+ er  - the Adj(y) 

If Adj consists of :  1 syllable; "!- short sound; !- singl 

then  Adj(!#!! !Adj(#-er - Adj(#-est       
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3. 

big - bigger - the biggest 

 

4. 

 

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 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 

If Adj. consists of 3 or more syllables 

then 

The more ..., the better ... 
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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: 

[ :] arm, large, market, smart, hard,  start, part, partner, department,  

       architect,  advantage 

[o:] long, order, store, already, quarter, alternative 

[   !"where, there, area, repairable, compare, stairs  

 

VII. Read and learn these geography names: 

    CONTINENTS 

 Europe  ['ju r p]  !"#$%& 

 Asia   ['e!" ]  '()* 

 America   [ 'mer!k ]  '+,#)-& 

 North America[n#’.  'mer!k ] /,",#0&* '+,#)-& 

 South America [sau. 'mer!k ] 120&*'+,#)-& 

 Africa  ['æfr!k ]  '3#)-& 

 Australia  [#s'tre!l! ]  '"45#&6)* 

 Antarctic  [ænt'$’kt!k] '05&#-5)7& 

COUNTRIES 

 Germany  ['%&’m n!]  8,#+&0)* 

 France  [fr$’n(t)s]  9#&0:)* 

 Spain  [spe!n]  ;4%&0)* 

 Iceland  ['a!sl nd]  ;c6&07)* 

 Italy   ['!t( )l!]  ;5&6)* 

 Belgium  ['bel% m]  <,6=>)* 

 Finland  ['f!nl nd]  9)06*07)* 

 Ireland  ['a! l nd]  ;#6&07)* 

 Sweden  ['swi’d( )n]  ?",:)* 

 Switzerland ['sw!ts( )l nd] ?",@:&#)* 
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 Scotland  ['sk tl nd]  !"#$%&'() 

 Poland  ['p ul nd]  *"$+,% 

 

 the United States of America -!. 

 the United Kingdom of  

        Great Britainand NorthernIreland  /012'(&2&&"2  

                                                                       3"4"$256#5" 

 theNetherlands ['neð l ndz] 7('24$%&'8 

 theUkraine [ju’'kre!n]  9:4%(&% 

 the  Crimea [kra!'mi’ ]  348; 

 the Congo  ['k <g u]  3"&=" 

 

    CITIES  

 Edinburg  ['edn’b rg]  >'(&0?4= 

 Glasgow     ['gl"’zg u]  @$%A=" 

Berlin  [b#’'l!n] B24$(& 

  
   VIII. Read text A 2.1. 

     TEXT   A 2.1 

 

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 
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intense research in Europe, VCSELs also provide superior power 

efficiency and longer lifetime compared to existing devices. 

Furthermore, emission from VCSELs 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 blue-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 III-

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 
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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: 

 !"#$% $&'()(&*+),"- )"".,/%(&0)-; ) 0& 0&1)%0&.20%3 ) 0& 

,($%4,5"6%3 7$%(0,; /,8,(!, 4$) %$!; 6$%3, #%9%; 0&7:0%-

)"".,/%(&#,.2"6&- #$&/)1)-; 7"4,80% $&'()(&*+),"- 

&.2#,$0&#)(0!, 3&#,$)&.!; (,$%-#0%; ".)86%3 % 8)$0%,, :#% ! 

%;(&#)#2 ('9.-/%3; 4$,/"#&(.,00%, % %$7/%(&0),. 

 

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. 

 

   XII. 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 VCSELs is perpendicular to the surface, which ... 

4. The workshop attracted ... 

5. Applications of smart pixels include ... 



 

 

35

 

6. The representative developments described here serve  ... 

 

 XIII.  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 VCSELs 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.  !"#$%&'%'(#)*   

  2. fabrication   2. +,-%.#!/ 

  3. design    3. &0'.#)*, % -.)* 

 4. array    4. "#-,!.$01#)*, 2- #)* 

  5. compact   5. '(3$4!#$#!$ 

  6. assembly   6. &5'!"2'4%.2' 

  7. significant   7. '(6!5#)*, &5'%.5-##)* 

  8. prospect   8. %$7!#-5, %!7&'"!+7 

  9. crossbar   9. &'0+&5'2'4#!/ 

 10. partner           10. 7!5 

 11. world           11. 5-%&'5/-, &'&$5$,!#- 

 12. viable           12. &$5%&$/.!2- 

 13. semiconductor         13. %'(5-#!$, %('5  

 14. workshop          14. 7-%%!2, 8$&',/- 

 15. extensive          15. &5'$/., &0-# 

 

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 c) twist d) bend 

  2. combine a) shackle b) hide c) 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 c) 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. 

   !"#$%&'(( )*(+& ) ()*%,(-#./0 #$*"!"0 $"./0,  .". 

 (1/.o2*/$"!/&, 3*"!4/&, 5(*+"!/&, 6(178/&, 3/!1&!9/&, 

:)(4/& / 9*;8/0, ;9(1&($#& %8*%+!%( )!/+"!/( *"<*"2%$.( / 

*"<)/$/= %,$%>1(.$*%!?0 ;#$*%-#$) / ,*/2%*%). @". %$9(17!?( 

;#$*%-#$)", $". / #1%A!?( +!%8%."!"17!?( #/#$(+? 

%,$%>1(.$*%!/./ #%<9"=$#& /< %$9(17!?0 >1(+(!$%). B#!%)!?+/ 

%,$%>1(.$*%!!?+/ >1(+(!$"+/ &)1&=$#& /#$%C!/./ 

.%8(*(!$!%8% / !(.%8(*(!$!%8% %,$/C(#.%8% /<1;C(!/&, 

%,$/C(#./( #*(9?, ,*/(+!/./ %,$/C(#.%8% /<1;C(!/&, " $".A( 

%,$/C(#./( >1(+(!$?, )%1%.%!!%-%,$/C(#./( >1(+(!$? / 

/!$(8*"17!%-%,$/C(#./( >1(+(!$?. 
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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...; I 

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. At the  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. I 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! I 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: . . . . . . . . . . . . . . . . . . . . . .  

 Peter: What problems did this group solve? 

 Ben:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 Peter:  . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

      XXIII. 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  ['klæd  ]  !"#$%&'()*+,- 

deposition  [‘dep.'z !(.)n] ",'/012*1; "34"/12*1 

      ",10'2*1; 2'21,12*1 

implantation [‘ mpl"’n'te !(.)n] &210$12*1 

multifilament [‘m.lti'fil.m.nt]  52"6"&"4"#"22%+ 

neural network['nju.r(.)l'netw#’k]21+$"22'-,137 (&%8*,4*- 

31472'- *4* 4"6*81,#'- 

,915', !",3$"122'- *: 

"02"$"02%9 !$";1,,"$2%9 

<415123"&, -&4-()*9,- 

=!$")122%5* >=2#;*"2'47-

2%5* 5"014-5* 21+$"2"&). 
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ongoing  [' n’g u!!]  "#$%$&'()*+,-. 

phenomena [f!'n m!n ]  ./&01+. 

phenomenon [f!'n m!n n] ./&01+0 

strain  [stre!n]  1(2.3+/(24; #(-2.3+/(24;  

1("#.3(24 

superlattice       ['so" op r’latis] -/0#5-2#6726#( 

suppression [s 'pre"( )n] "$%(/&01+0 

synthesis  ['s!n8 s!s]  -+1209 

well   [wel]   "$201:+(&41(. .;( 

 

II. Read and translate text B 2.1 and formulate its main idea. 

 

TEXT  B 2.1 

 

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 VCSELs. 

The University Ulm is home to one of the leading groups 

involved in  the development of VCSELs, 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 In0.2Ga0.8As quantum wells 
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in the centre, and theseproduce light at 980 nm. Top and bottom 

mirrors contain Al0.7Ga0.3As/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
0
C 

to +130
0
C. A single-mode laser produces 2.7 mW maximum output 

power with 50-dB sidemode suppression. Proton-implanted VCSELs 

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] 

 

III. 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: 

 !"#$%&, '()%*+),&-%# ! .#/#$%# ()*.0 1(%*.0""0; 

'(%!),%.2 1 /#34-"%5); .#+$)")6%& %73#(#$%& % 1)$.()"&; 58.2 

,#.0"2$) %**"#,)!0$$83; *'#1.(0"2$0& )5"0*.2; !8+),$0& 

9$#(6%&; $#'(#(8!$)# ,#:*.!%#; ),$)3),)!8: "07#(. 

  

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 In0.2Ga0.8As 

quantum wells in the centre? 

4. What parts of mirrors contain Al0.7Ga0.3As/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? 

 

VI. 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. 

 

VII. 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. 

1. This work leads to... 

2. The Institute is currently using such techniques to develop... 

3. Deposition on both GaAs and silicon substrates is ... 

4. The active layer comprises ... 

5. Top and bottom mirrors contain ... 

6. Current confinement is achieved ... 

7. A single-mode laser produces ... 

8. The researchers found that ... 
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X. Write some sentences about text B2.1. Use the following 

conversation phrases: I 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 (VII). 

  

XII. Write a summary of the text. 

 

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

following phrases:  

You see ...; as for me...; in my opinion...; I 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 VCSELs. 

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

      in  the development of VCSELs. 

6. The  active  layer  cannot  comprise  GaAs  with  three  strained      

In0.2Ga0.8As 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 VCSELs. 

 9.  Continuous-wave operation is obtained from -50
0
C to +100

0
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 I have never heard ... 

  D:  I'd like to tell you ... 

  A: I think it is ... 

 

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   C 2.1 

 

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 GaInAsP 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 

GaInP lasers provide a CW output of 1W from a shallow-ridge chip 
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40 1200 mkm. Multiple-emitter diode-laser bars currently emit a 

maximum CW output of 24W with 38% wall-plug efficiency."[2] 

 

XVIII. TranslatetextC2.1.Usethefollowingphrases:  

 !""#$%&'()$#*"+(, -./00(; 1!2!")$.")'& &3.(4&'(2!,; 

$5$-&%2&$ 6!2(2"!.&'(2!$; 70!)(+"!(#*289 "#&9; 0.&").(2")- 

'$22(, 1&%(; 0&.&- 0&'.$5%$2!, (!42&"(); /)$:+( )&+(; 

3&#$$ %#!)$#*2&$ '.$1, 5!42!; '!%!18$ #(4$.28$ %!&%8; 1$#+&-

4$.2!")89 :!0.  

 

 XIX. Retell text C2.1.Use the following phrases:  

 

It is well-known that...; I'd like to say...; may be called...; I 

would advise to call your attention to ...; it is interesting that ...; I 

should say that ... 
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UNIT 3.1 

________________________________________________________ 

PART  1 

 

I. Mind the pronunciation of the following words: 

bow   [bau]     !"# 

concave  [k $'ke!v]   %&"'!()* 

converge  [k+n'v"’#]  ,-& .(/,0 

convex  [‘k n'veks]  %)1!23)* 

credit  ['kred!t]   &%450(/, %45.(/;  

15.1.,)%#(/; 254 .(&%#(/ 

curvature  ['k"’v+$+]  25.%.6'#, .6".7, .,25.%34'.4 

devise  [d!'va!z]  6# !8)%#(/; .6&754(#(/ 

diverge  [da!'v"’#] &(23&'0(/,0 

eclipse  [!'kl!ps]   6#(84'.4 

empirically [!m'p!r!k(+)l!]   981.5.:4,2.; &1)(')8 

                                                     1!(48 

evaporate  [!'væp(+)re!t] .,1#50(/,0; .,:46#(/ 

expose  [!k'sp+uz]  %),(#%30(/; 1& %45"#(/ 

flux   [fl%ks]  1&(&2; .,(42#(/; &:.;#(/;  

13#%.(/ 

geometrical [‘#!+'metr!k((+)l)]     "4&84(5.:4,2.* 

incident  ['!n(t)s!d(+)nt]          1# #<;.* 

incorporate [!n'k ’p(+)r+t]          %'4 50(/; %23<:#(/;  

         &-%#()%#(/; ,& 45=#(/ 

incorporating [!n'k ’p(+)r+t] ,&4 .'4'')*, &7>4 .'4'')*, 

      '45#6 43/')* 

inherent  [!n'her(+)nt] 15.,!;.*; '4&(>48348)* 

manipulation [m+’n!pj+'le!&(+)n] 8#'.1!30?.0; &75#;4'.4 

observation[‘ bz+'ve!&(+)n]      '#73< 4'.4 
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plane   [ple n]   !"#$"#%& 

plant  [pl!’nt]   '(#%)*+) 

predictable [pr 'd kt,bl]  ')-#$(./)012 

ratio   ['re " ,u]  "%*"3)*+);  '" "'4+5;  

$"677+4+)*%; #""%*"3)*+) 

regardless  [r 'g!’dl,s] *) "8'(9(:9+2 ;*+0(*+5;  

*) -/0(5; *) #<+%(5#& 

reversion  [r 'v#’"(,)n]      ;".;'(9)*+);  

 )');"'(<+;(*+) 

scientific  [‘sa ,n't f k] *(/<*12 

shadow['"æd,u]   %)*&; .(%)*5%& 

up-right  [$pra t]   )');)'*/%12 

vacuum  ['vækju’m]  ;($//0; ;($//0*12 

vary   ['v%,r ]  0)*5%&(#5), +.0)*5%&(#5) 

 

II. 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 

 

III. Read and guess the meaning of these  words: 

chlorophyll ['kl&’r,f l]  paraxial  [p,'raks=,l] 

 dispersion  [d 'sp#’"(,)n]  philosopher    [f 'l&s,f,] 

Euclid  ['ju’kl d]   physics   ['f z ks] 

formula  ['f&’mj,l,]  principle   ['pr n(t)s,pl] 

lens       [lenz]   prism   ['pr z(,)m] 



 

 

48

 

manipulation[m ’n pj 'le !( )n] pyramid   ['p r m d] 

parabolic  [‘pær 'b"l k(( )l)] refraction    [r 'fræk!( )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 

 

IV. 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: 

[i ] nearly, superior, radioactive, paraxial, inherent, geometrical, 

[oi] spoil, coin, voice, soil, toils 

[u ] sure, vacuum, 

[g] group, regardless 

 

VII. Read and translate the text  A 3.1. 

     

TEXT     A 3.1 

 

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
o 
 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: 

 !"#$% &"'$'()*&+, "-.%; -*/-0/1) 2.)3)/$1 -4$'&'; 

4").-3.)/') .+()5 *-./6#; -*' -4$'()*&-5 *'*$)31; -789*/9$% 

4-0):)/') *0)$-01; .+()5; *'.%/- 4-!.-<#,<') 3#$)"'#.1; 0 

$-5 =) 4.-*&-*$'; :)5*$0'$).%/-) '>-7"#=)/'); 3/'3-) 

'>-7"#=)/'); 4#"#..).%/1) .+('; /#'7-.)) -7<') ?-"31 >)"&#.; 

6)/$" &"'0'>/1. 

 

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  

     light are ... 

 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 ... 

 

XII. Answer the following questions: 

1. What are the basic optical principles?  

2.  How were these laws discovered? 

3. What rays are called paraxial? Why? 

4. The formulas with their theoretical explanations can be found in  

    most optics textbooks and in catalogs from optics manufactures,  

    can't they? 

5. 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? 

 

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

1. focal    1. !"#"$%& 

 2. mirror    2. '()*+"%*%%,- 
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 3. image    3.  !"#$%!& 

 4. eclipse    4. '!()* *%+ 

 5. instead of   5. ,-$./!& 

6. convex     6.0(!12*3&#0& 

 7. concave    7.4!.$'#,5 

 8. reversion   8.(&2.*/! 

 9. dispersion   9.2* #,5 

        10. curvature  10.$"!/ 

        11. equal    11.6#06!& 

        12. angle   12..2!6& 

        13. form   13. -&2& !2*70 *#0&; 2& &2'08 

        14. incorporate  14. (*%6&#0& 

        15. virtual   15. )0'-&2'08 

 

XIV. Choose the best equivalents of the words on the left 

fromthe words on the right and write them. (Example: bow – fold) 

 1. bow   a) count, b) fold, c) bend, d) smooth 

 2. devise   a) invent, b) recognize, c) create, d) extract  

 3. expose   a) subject, b) take, c) remove, d) influence 

 4. vary   a) fail, b) betray, c) change, d) relieve 

 5. credit   a) attribute, b) believe, c) finance, d) add 

 6. converge  a) meet, b) approach, c) nail, d) closer 

 7. diverge   a) break, b) pass, c) go, d) disperse 

 8. evaporate  a) condense, b) die, c) steam, d) disappear 

 9. polish   a) wear off, b) smooth, c) buff, d) grind 

10. reflect   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 

LiSAlF 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. 



 

 

55

 

 

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. 

  1841 !"#$ %&$'' '"(#&) "*+$, -."/0, 0#.&)1234 

"5-06.'704 '0'-.8. 9."/0: 0#.&)12"; "5-06.'7"; '0'-.83 - <-" 

60'-" !."8.-/06.'7&: -."/0:, 7"-"/&: $'-&2&=)0=&.- 

'""-2">.20. 8.?#$ -"67&80, )020:80, 5)"'7"'-:80. @020:, 

'".#02:,+&: A.2-/3 'B./06.'704 5"=./42"'-.;, 5/.#'-&=):.- 

'"*"; "'1 '088.-/00 A.2-/0/"=&22"; '0'-.83 0 2&(3=&.-': 

!)&=2"; "5-06.'7"; "'1, '0'-.83. 9."/0: %&$''& $'-&2&=)0=&.- 

/:# 7&/#02&)1234 -"6.7 0 5)"'7"'-.;, (&#&20. 7"-"/34 

5")2"'-1, "50'3=&.- ='. '=";'-=& "5-06.'7"; '0'-.83. 

C#.&)12&: '0'-.8& 08..- #=. !)&=23. 5)"'7"'-0.  '. -"670 <-04 

5)"'7"'-.; '"5/:?.23 0 0("*/&?&,-': ' $=.)06.20.8 +1. 9"670 

5./.'.6.20: !)&=234 5)"'7"'-.; ' "'1, 2&(3=&,-': !)&=2380 

-"67&80 '0'-.83. D5-06.'7$, '0'-.8$ 8"?2" "4&/&7-./0("=&-1 

)02.;238 0 $!)"=38 $=.)06.20.8. E-0 #=& 5&/&8.-/& /&()0623 

#): /&(234 -"6.7 "'0. F.8 *")1>. )02.;2". $=.)06.20., -.8 

8.21>. $!)"="., -" .'-1, 5/0 $=.)06.200 /&(8./"= 0("*/&?.20: 

)$60, 7"-"/3. .!" "*/&($,-, '"'-&=):,- 8.21>0; $!").  '. <-" 

08..- =&?2". (2&6.20. 5/0 /&''8"-/.200 /")0 "5-06.'704 

02'-/$8.2-"=. 

 

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...; I 

agreewith you...; I 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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3.  Paraxial formulas have been devised to explain the behavior of the  

     light rays. 

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

     reflectance. 

5.  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. 

6.  An object beyond the center of curvature forms a real image be- 

     tween the focal point and center of curvature. 

7.  The mirror cannot be the oldest optical element. 

8.  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
0 

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
0
. 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. 

Edgar: . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . 

Mark: . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . 

Edgar: . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . 

Mark: . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . 

 

XXII. 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  [‘æb 're !( )n] !"#$$!%&'; ()*+(,#,&# 

astigmatism æ'st gm t z( )m]!-)&./!)&0/ 

brain   [bre n]  /(0.; .(+(1! 

chromatic  [kr u'mæt k] %1#),(2 

coma   ['k um ]  *(/! 

cornea  ['k!’n  ]  $(.(1!'("(+(3*!.+!0! 

distortion  [d 'st!’"( )n] &-*!4#,&#; &-*$&1+#,&# 

equation  [ 'kwe  ( )n] 15$!1,&1!,&#; 6$!1,#,&# 

feasible  ['fi’z bl]  157(+,&/52; (-68#-)1&/52; 

      1(0/(4,52; 1#$('),52  
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frustrate  [fr 'stre!t]   !""# !$%!#&; " '%!#&; ()*!#& 

      +)",-*)./'0 

index  ['!ndeks]  $/()1"; 21!.!#)*&; 1!#!*-3;  

1-455$6$)/# 

microscope ['ma!kr7sk7up] 0$1 -"1-, 

quantity  ['kw"nt7t!]  1-*$8)"#%-; %)*$8$/!

  

retina  ['ret!n7]  ")#8!#1! 

spectacles  ['spekt7klz] -81$ 

transparent [træn(t)'spær(7)nt], -. !8/'9;  

      , -"%)8$%!:;$9"< 

usable  ['ju’z7bl]  , $3-(/'9 1 $",-*&.-%!/$:;  

2(-+/'9; , !1#$8/'9 

 

II. Read text B 3.1 and formulate its main idea.  

 

TEXT  B 3.1 

 

LENSES:   LIGHT BENDING 

 

"Lenses have had a relatively long evolution. Roger Bacon used 

a reading glass in the 13
th

 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. 
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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 1 = n2sin 2 

where n1 =index of refraction of the first medium,  1 = angle of 

incidence in the first medium, n2 = index of refraction of the second 

medium,  2 = 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 I 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] 

 

III. 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. 



 

 

62

 

b) Find in the text the equivalents of the following 

expressions: 

 !""#$%!&'!( )$*+!; ",-$.!&'!( )$*+!; ,/0$1#"2!( 

/),0*,"03 ".#45; % 0,6 7# /),"2,"0$; /, 2.!6*#6 8#.#; 

/.,#20$.,%!03 *! 92.!*; .,:,%!( ,-,),12! :)!+!; /!.!))#)3*, 

,/0$1#"2,6 ,"$; $*7#*#.-,/0$2; 2!1#"0%, $+,-.!7#*$(; 

!"0$:8!0$+8; 4$"0,."$(; ;.,8!0$1#"2!( !-#..!<$(.  

 

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: 

 1. Who used a reading glass in the 13
th

 century? 

 2. When were spectacles introduced in Europe? 

 3. What happens with light when there is a change in its speed? 

 4. Snell discovered two important points. What are they? 

 5. Depending on its curvature, a lens will cause light either to con 

     verge or diverge, won't it? 

 6. What lens is known as a positive lens? 

 7. Can real image be projected onto a screen? 

 8. Which lens should an optical engineer use? 

 9. How inability of a lens to form a perfect image is called? 

10. What common lens aberrations do you know? 

 

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: I 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). 

  

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

following phrases:  

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

 

XIII. 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: It is known ... 

  C: Well, you are right. But a lot of problems arise ... 

  D: I'd rather add ... 

A: I think it is ... 

 

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  C 3.1 

 

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:  

  !"##$%$&'( )*&+!,+&'$-; .$/)&*/$-; / 0,&'12&'$&, 

.+$' 3!+'; !(*45&'$& /3&(4; 06+!3!& !(7+!'&'$&; *&4+1'!& 

$8!9*45&'$&; )*!:!.$(1 ;&*&8 )*$8,0. 

  

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

It is well-known that...; I'd like to say...; may be called...; I 

would advise to call your attention to ...; it is interesting that ...; I 

should say that ... 

 

 

 

 

 

 

 



 

 

66

 

UNIT 4.1 

________________________________________________________ 

PART  1 

 

I. Mind the pronunciation of the following words: 

absorption    b'z ’p!( )n] !"#$"%&'(&; )!(*+),'(&; 

      ,-."/-0(1    

accomplish   [ 'k mpl"!]  .")&/2,*3; )+!"$'1*3,  

      4".*(#,*3; 5,)&/2,*3 

cycle    ['sa"kl]         0(6$ 

determine   [d"'t#’m"n]  "!/&4&$1*3; 7.*,',)$(),*3 

drop    [dr p]  !,4,*3; .'(8,*3.1;  

!"'(8,*3.1 

excess   ["k'ses]  (5-+*"6; (5$(2&6 

excite   ["k'sa"t]  )"5-784,*3 

flashlamp   [flæ!læmp]  (9!7$3.',1 $,9!,; $,9!,- 

      ).!+26, 

further   ['f#’ð ]  4,$&&; 5,*&9; -"$&& *"#",  

 6/"9& *"#" 

gain    [ge"n]  7.($&'(& 

generate   ['$en( )re"t]  #&'&/(/"),*3; )+/,-,*+),*3 

holdoff   [h uld f]          74&/8(),*3; 4&/8,*3;  

      5,4&/8(),*3  

however   hau'ev ]  "4',6"; *&9 '& 9&'&&;  

      '&.9"*/1 ', (:)*" 

inversion   ["n'v#’!( )n]  (')&/.(1; "-/,*'"& 

      !/&"-/,5"),'(& 

lattice   ['læt"s]  /&2&*6, 

level    ['lev( )l]          7/")&'3; .*7!&'3 

occur   [ 'k#’]  .$7;,*3.1; !/"(.<"4(*3; 

      !"!,4,*3 
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population  [‘p pj 'le!"( )n] !"#$%!&!!$'(); '(&#&!)   

      *"#$%!&!+,;  *"'&%&!!$'()  

     (-!&./&(+0&'1+2 3.$4!&5) 

produce  ['pr dju’s]  #.$+*4$6+(); 47."8"(74"() 

     '$*6"4"() 

pulse   [p#ls]  +9#3%)' 

pump  [p#mp]  !"1"0+4"() 

quality  ['kw l t!]  1"0&'(4$; 6$8.$(!$'() 

quantity  ['kw nt t!] 1$%+0&'(4$; +*9&.,&9", 4&%+0+!" 

relax   [r!'læks]  .&%"1'+.$4"(); $'%"8%,() 

     ."''%"8%,(); 6&:$.9+.$4"()', 

release  [r!'li’s]  $'4$8$;6"(); 47#3'1"(); 

     '8."'74"() 

require  [r!'kwa!   (.&8$4"() 

responsible [r!'sp n(t)s bl]  $83'%$4%+4"<=+5; $(4&('(4&!!75 

return  [r!'t$’n]  4$*4."="(); $(6"4"(); #$4($.,()', 

rod   [r d]   '(&.;&!) 

ruby   ['ru’b!]  .38+! 

shutter  ['"#t ]  *"(4$. 

solid   ['s l!d]   (4&.675; (4&.6$(&%)!75 

store   [st ’]   1. *"#"'; .&*&.4 

2. '!"8;"(); !"#$%!,(); *"#"'"(); 

    2."!+() 

surrender  [s 'rend ]  3'(3#"(); #$60+!,()',, 

     #$66"4"()', 

surround  [s 'raund]  $1.3;"() 

terminate  ['t$’m!ne!t] '("4+() #.&6&%; #$%$;+()  

      1$!&>; *"4&.?"()(',); $/." 

     !+0+4"(); #.&.74"() 

therefore  ['ð% f ’]  #$-($93; '%&6$4"(&%)!$ 
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weight  [we t]   !"; #$""$ 

whole  [h%ul]  &!'();  !"* 

 

II. 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 

 

III. Read and guess the meaning of these  words: 

action ['æk!(%)n]  moment ['m%um%nt] 

condition [k%n'd !(%)n] orbital ['"’b t(%)l] 

cycle  ['sa kl]  population [‘p"pj%'le !(%)n] 

gelatin ['#el%t n]]  process ['pr%uses]  

giant  ['d+ai,nt]  publish ['p$bl !] 

laser  ['le z%]  relaxation [‘ri’læk'se !(%)n] 

theoretical [- %'ret k(%)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. 

 !"# $%#&'% &()*+ , $'%-).*, /0 $%')'"1#/ 234( %3&'+

  

II    If the device was OK, we should  continue our work. 

 !"# &0 $%#&'% &0" , $'%-).*, /0 &0 $%')'"1#"# 

%3&'+(. 

 

III   If the device had been OKyesterday, we should have  

continued our work.  !"# &0 $%#&'% &0" , $'%-).* ,5*%3, /0 &0 

$%')'"1#"# %3&'+(. 

 

V. Translate and write the following sentences: 

1.  !"# $% &' '( !"()&*+" !&*(,+- ./(.&)+*+,("0, &' '( !)("+"  

$% 1,2 /+$&,2 ,+3 $%!,/&. 2. 4% $% 5'+"# +'6"#7!3#7 05%3 

8&/&9&, (!"# $% /(62"0/'& 5+'#-+"#!:. 3. ;,&, ./#$&/ /+$&,+" 

$% "2<9(, (!"# $% (6& ./+*#":'& '+!,/&#"#. 4.  !"# '+! '( 

&,./+*0, '+ 3&'=(/('>#? '+ !"()2?@(7 '()("(, -% 5+3&'<#- 

/+$&,2 *&*/(-0. 5.  !"# $% -% 5'+"#, <,& *% $%"# * '+9(- 

#'!,#,2,(, -% $% &$05+,(":'& *!,/(,#"#!:. 6.  !"# &'+ .&5*&'#, 

2,/&-, -% )&6&*&/#-!0 & *!,/(<(. 7.  !"# $% '( $%"& 
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 !"#"$%&'(( )%*+ ,(!-., -. /. $"  *012(0( $"*/3*4(-15 

($,*!-&'(5. 

 

VI. Learn to read the words: 

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

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

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

generate 

 

VII. Read and translate the text  A 4.1. 

 

TEXT     A 4.1 

 

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) 

to pump      - 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: 

 !"#$% "&'()" &*+"#); *, -!(*. /#"$*; 01 ', 0% ,% %#%21 

#"&*,/-#13  * %2); 0"#"4%$ * %2* -+ !%+516$"((%7% /%/ %.(-.;  

$%/ -7(1 ' -(!"#/-- (*/"&"((%/ -; /%/"$(.. ,#-/ *&&-8"/,*. 

#"9" ,*; !%+!#*:* '/. ! %/(%!(%" /%/ %.(-"; $*&'(";9*. 

*5/%#5<-. +"&"()4 =% %(%!; 0%&(); <-,& !%+516$"(-. - 

#"&*,/*<--;  #"41#%!("!)" &*+"#()" 2* "#-*&). 

 

 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 ... 

 

   XII. 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. 

 

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

 1. quite     1.  !"#$% 
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 2. suggest    2.  !"#!$%&'% 

 3. researcher   3.  ('&)*#%+),- 

 4. create    4. (%#)./'(!0),- 

 5. flashlamp   5. *!/,'"),- 

 6. belong    6. /!1*)0),- 

 7. responsible   7. '//#%*!0),%#- 

 8. absorption   8. 2(!0%&- 

 9. relax    9. 0 !#&% 

        10. inversion   10. 3%,)/,)4'#-&56 

        11. metastable          11.  (%* !#)"),- 

        12. achieve           12. '&0%(/'7 

        13. level           13. #)3 ) 0/ 58.' 

        14. accomplish          14. !,0%,/,0%&&56 

        15. shutter           15. 05 !#&',-  

 

 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, c) do, d) create 

2. pump  a) accumulate, b) save up, c) gain, d) fill 

3. emit  a) expire, b) eject, c) erupt, d) radiate 

4. excitation a) stimulation, b) excitement, c) agitation,d) emotion 

5. require  a) ask, b) demand, c) need, d) want 

6. metastable a) intermediate, b) provisional, c) 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 

quantitatively 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. 

 "  !"#!$% &'(!)* +',%&!$ +%-.) "/!"!(#!")0 $!,(1-2%##*3 

')!4!$ /!2 2%5")$.%4 $#%6#%7! 8+%9)&!4'7#.)#!7! .,+1:%#.; 

"!!)$%)")$1<=%5 :'")!)* "!$%&6')0 $*#1-2%##*% 9$'#)!$*% 

/%&%3!2* . 1".+.$')0 8)! .,+1:%#.%. >9).$#'; "&%2' 4!-%) 

1".+.$')0  /'2'<=%% .,+1:%#.%, %"+. :."+! ')!4!$ #' 

$!,(1-2%##!4  8#%&7%).:%"9!4 1&!$#% /&%$*6'%) :."+! ')!4!$ 

#' #.-%&'"/!+!-%##!4 1&!$#%, )! %")0, #'3!2.)"; $ "!")!;#.. " 

)'9 #',*$'%4!5 .#$%&".%5 #'"%+%##!")%5.  

 ?+; "!,2'#.; . /!22%&-'#.; $ '9).$#!5 "&%2% .#$%&".. 

#'"%+%##!")%5 /&.4%#;<)"; "/%@.'+0#*% 4%)!2*, 9!)!&*% 

,'$.";) !) ")&19)1&* '9).$#!5 "&%2*.   +',%&% #' 9&.")'++% 

&1(.#' .#$%&".; #'"%+%##!")%5 !"1=%")$+;%)"; /!"&%2")$!4 

!/).:%"9!5 #'9':9. /! )&%31&!$#%$!5 "3%4%." 

    

 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...; I 

agree with you...; I 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: I felt ill yesterday.  

Kate:  What's the matter with you? 

Helen: I had a splitting headache. I was feeling sore all over, but  

now I 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: I 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 B: . . . . . . . . . . . . . . . . . . . . . . . . . .  

Student A:   I 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? 

Student B: . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Student A:   Well, now, let's tackle the next question.  . . . . . . . . . 

         . . . . .  . . . . . . . . . . . . . . . . . . . . . . 

Student B: . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Student A: . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Student B: . . . . . . . . . . . . . . . . . . . . . . . . . . .  

  

XXII. Choose a partner and talk about some problems which 

arise in the test A4.1. 

 

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

 

PART  2 

 

I. Mind the pronunciation of the following words: 

achromatism [ 'kr um t z( )m] !"#$%!&'(%; )*+,-*&.$+&/ 

binary  ['ba n r ]   0-$1.$1; +0-$*..21;  

)'.!#.21 

blaze   [ble z]   34!%5; 5#6'1 +-*&; 7$#*&/;  

+'5&/; $&84'9$-!&/ 

blazed  [ble zd]   $&84'9$-!..21 

diamond  ['da  m nd]  !4%!(; #$%)$-'0.21;  

!4%!(.21 

distribute [d 'str bju’t]  #!+3#*0*45&/;  

64!++'9','#$-!&/ 

finite   ['fa na t]   $7#!.':*..21 

precision  [pr 's  ( )n]  :*&6$+&/; &$:.$+&/ 

proper  ['pr!p ]   3#'+;<'1; +-$1+&-*..21;  

&$:.21; '+&'..21 

replication  [‘repl 'ke "( )n]  $&-*&; -$(#!=*.'*; 6$3'5;  

#*3#$0;6,'5; 6$3'#$-!.'* 
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roughness  ['r fn s]   !"#$%&'(; ")*+%&'( 

staircase  ['st! ke"s]   ,)&'-./0; &'#1)-20'34 

tool   [tu’l]    ")*)/; %"#5.); &'0-%+ 

 

II. Read text B 4.1 and formulate its main idea.  

 

TEXT  B 4.1 

 

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 (DOEs) 

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  m 

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 techniques. 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 Å. To the best of our knowledge, these are the 

highest diffraction efficiencies achieved for visible-light DOEs." [8] 

 

III. 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: 

 !"#$%&'($ #)&'*+,-'! ,',&+$; &#*.%/ $'-"##)&'-%; 

0'1"%-2'#..3+ #)&'*+,-'+ 45+$+.&3; 45+-&"#..#-56*+7%/ 

5'&#8"%1'/; 07#9.#+ 56*+)"+5#$5+.'+; )"#2+,, )"#'(7#0,&7%; 

-#411'2'+.& 0'1"%-2''; 8"%.'2% "%(0+5%; 0'%$+&" )/&.%; 

)"':5'('&+5;.#. 
 

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. 

 

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. Diffractive optics is ... 

2. Using diffractive optics, one can achromatize... 

3. Scattering associated with DOEs is classified as ... 

4. Structured scattering occurs when light is ... 

5. High-quality DOEs are produced by ... 

6. 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 ... 

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

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

 

X. Write some sentences about text B4.1. Use the following 

conversation phrases: I 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). 
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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...; I 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. 

 

XIII. 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  C 4.1 

 

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:  

 !"#$!%$&! '()#*!+,#! -"!.!$)&; "/0!1&, 1/2')/34#! 5 

5#6#.'. 6#/(/0'$! +(!,)1/; $!,')'1&! (1#.!$!$#7 )1!283) ...; 

$! 86'5"!)5'17)9 $!,')'1&. )1!2'5/$#7.; 1/05#)#! $!,')'1&: 

,1#+)/""'5, ./"/7 )!("'(1'5'6#.'+)9. 

  



 

 

85

 

 !"#$% II: 

&'(&)#$*( &+,*!. %!"$ - 

 

UNIT 1.2 

________________________________________________________ 

PART  1 

 

I. Read and learn the following words, mind their 

pronunciation: 

simplify  [ sImplIfaI]          !"#$%&' 

diagram   [ daI(græm]        )*%+"%,,%  

loiter   [ loIt(]         ,-).*&'; #&/&%0%&'  

terminal  [ t(:mInl]         1. 1%2.34*&-.'567, 

             2#5-4567; 

        2. !-"*#)*4-/2*7  

detour  [ dI:tu(]         #89#); #2#.'567 ! &'  

criterion  [krI'terI(n]         2"*&-"*7  

mode  [m(ud]          ,#)%; &*! 2#.-8%5*: 

amorphous [( mo:f(s]         8-/;#",-5567;  

             %,#";567;  

             5-2"*/&%..*4-/2*7   

threshold  [ !re"h(uld]        !#"#+; 5%4%.#  

attainable  [( teIn(bl]         )#/&*<*,67  

uniquely  [ju: nIklI]          5*2%.'5#  

fluorescence [flu( resns]                 /0-4-5*-;  

       ;. #"-/=-5=*: 

garnet  [g#$nIt]         +"%5%& 

neodymium [nI:ou'dImI(m]        5-#)*, 

excess  [Ik'ses]         *186&#2 

approximately [('proksImItlI]        !"*8.*1*&-.'5#;  

             !"*8.*<-55#; !#4&* 

profound  [pr('faund]         1. +. 8#2*7;  

        #/5#0%&-.'567; 

             2. !#.567; %8/#.3&567 

krypton  ['krIpton]         2"*!&#5 



 

 

86

 

behave  [bI'heIv]         1.  !"#$ %#&, '("#) "(*+; 

             2. ,%*!#%#& (!  ,)*!,() 

incorporate [In'ko:p-rIt]        "!(.)/(//01;  

!*2(.)/(//01; 

      /(,%3.(4&/01 

shift   [ Ift]   )35(/(/)(;  

 (,(5(6(/)(; ".')7 

broaden  ['bro:dn]  ,%"8),+#&("+) 

facilitate  [f-'sIlIteIt]  $ ,!6%#&;!*4(79%#&; 

"!.(1"#'!'%#&;  ,!.')7%#& 

birefringence [bIre'frInd3ens]  .'!1/!( 4$9( ,(4!54(/)( 

birefringent [bIre'frInd3ent] .'!+:! ,(4!54+;6)1 

orthogonal  [o:'!og-nl]          !,#!7%/%4&/01;  

 ,+5!$7!4&/01; 

 (, (/.):$4+,/01 

codope  [k-u'd-up]  ':,% 4(/)( 

species  ['spI: I:z]  ').; ,!.;  !,!.% 

transfer  ['trænsf-]   (,(5(6(/)(;  (,(.%9% 

rare-earth  [r"-'-:!#$ $ ,(.:!3(5(4&/01 

assortment  [-'so:tment] %""!,#)5(/#; "!,#),!':% 

vibronic  [vaI'bronIk] ')*,!/):!'01 

affect  [-'fekt]  1.  ,)#'!,+#&"+; .(4%#& ').; 

              2. 4;*)#&;  ,(. !9)#%#& 

vibrational  [vaI'breI nl] ')*,%<)!//01 

key   [kI:]   :4;9 

employ  [Im'ploI]  "4$=*%; ,%*!#% 

 

II. 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 level krypton 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 

     

III. Read and guess the meaning of these  words: 

 

balance  [ bæl ns]  medicine ['medsIn] 

elastic   [I'læstIk]   scheme [skI:m] 

molecular  [m u lekjul ]  polarisation [/p ul raI'zeI!n] 

approximate [ 'proksImIt]  mechanical  [mI'kænIk l] 

cube   [kju:b]   ideal    [aI'dI l] 

filter   [ fIlt ]   concentration [/kons n'treI!n"#
substrate  ['s!b'str$%t ]  factor      ['fækt ]  

examine  [Ig'zæmIn]  photocopy    ['f ut ukopI] 

configuration [k n/fIgju'reI! n] camera ['kæm r ] 

proportion  [pr 'po:#! n] disk [dIsk] 

harmonic   [h$%'monIk] scanning ['skænI"] 

 

IV. Read the words: 

 

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

[&"#three, both, through, thulium, threshold, ophthalmology#
'ð"##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 



 

 

88

 

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 

________________________________________________________ 

 

VI. 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. Ions 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  !"#$%&'()!* +$* ,-./0(1 * +(2!), *, 

".# !3#+ ,4(5# +# 1/!)#*6(5# 7#7(1)/   '0( &/,(.4(11#5# 8 

9)#7' 7#7(1)'. :,*&% +(2!), * ! 1/!)#*6(2 ! )'/; (2 

,-./0/()!* '8/&/1 (7 1/ "(. #+ ,.(7(1  , 1/!)#*6(7, 8#)#.-2 

(6( 1( &/8#1<(1: thismorning (evening, afternoon, week, month, 

year, century), today.     
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I       I have just done my work today.                

You                  We haven’t watched this film yet. 

They`  have  + Participle IIHave 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 II      She hasn’t drunk coffee this morning. 

It     Has the train arrived this evening? 

________________________________________________________ 

ThePastPerfectTense: 

ThePastPerfectTense  !"#$%&'(%#)( *'( +,$-.%/0( *%1)#+0(, 

2-+%$30+3%4")( *" 5-5"4"-'0&" 6"6%/#- 0'0 *$ 4"4" *%1)#+0( + 

!$"3'"6. 

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

       I had done my work today, when he came. 

        She hadn’t  done her work by 4 o’clock  yesterday.             .   

TheFuturePerfectTense: 

TheFuturePerfectTense  !"#$%&'(%#)( *'( +,$-.%/0( 

*%1)#+0(, 5"#"$"% & *%# !$"0)7"*0#8 *" "!$%*%'%//"4" 6"6%/#- 

0'0 *$ 4"4" *%1)#+0( + & * 9%6 0 2-+%$30#)( 0'0 !$%5$-#0#)( 

*" /%4". 

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

  call me.  

He   will have + Participle II  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     A1.2 

 

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:GSGG) 

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.  !"#$%&'%(')* 

  2. release    2. #&(#+(#, -./%$).! 

  3. excess    3. &#$/)$#+0. 

  4. intermediate   4. #&+#1#23./4 

  5. profound   5. !%0.$&/+# 

  6. more-robust   6. 5#6!#7%()% 

  7. nontoxic   7. 1#!%% &)!4(8, 

  8. contribute   8. 3+#,(#% !"9%5$%!#-!%()% 

  9. assortment   9. 6!"1#0),, #&(#+./%!4(8, 

         10. medicine  10. (%/#0&)9(8, 

         11. species   11. &#3%,&/+#+./4 

         12. variety   12. ):18/#0, ):!);%0 

         13. host material  13. $#3, +)3 

         14. birefringence  14. 5$#-%2"/#9(8, 

         15. fluorescence  15. $.:(##1$.:)% 
 

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, c) 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, c) come out, d) do 

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

9. involve  a) include, b) cover, c) draw (into), d) affect 

10. claim  a) demand, b) expect, c) wait, d) require 
 

XII. 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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  !"#$%&!#'()*+ ',-#$,+ ,.!/")&0 1$#%&0 2"'23!12 

&4!/5#1./# 6&)&.$/1!,''* / 1!#.',, 1&%#$7,8/# 4$/6#1/ 

/&)&"-,.!/",!&$&" Cr, Nd, Er. 9,./# ,.!/")*# 1$#%* $,:&!,3! 4& 

5#!*$#+;$&")#"&0 1+#6#.   <)#$=#!/5#1./+ 14#.!$,+ !,./+ 1$#% 

6#7%; 6#!,1!,:/'()*6 / &1)&")*6 ;$&")26/ /6##!12 

4$&6#7;!&5)*0 $,:&5/0 ;$&"#)(. >!&! 4$&6#7;!&5)*0 ;$&"#)( 

$,14&'&7#) ),1!&'(.& "*?# &1)&")&=&, 5!& " ;1'&"/2+ 

!#$6&%/),6/5#1.&=& $,")&"#1/2 #=& -,1#'#))&1!( )#-),5/!#'(),. 

@,',2 ),1#'#))&1!( !,.&=& ;$&")2 &:'#=5,#! 1&-%,)/# /)"#$1// 

),1#'#))&1!#0. >!& 2"'2#!12 &1)&")*6 4$#/6;8#1!"&6 ,.!/")*+ 

1$#%, $,:&!,38/+ 4& 5#!*$#+;$&")#"&0 1+#6#. 
 

XIII 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 techniques.  
 

2. Find the equivalents of the following expressions in the 

text: 

5#!*$#+;$&")#",2 ',-#$),2 1$#%,; 4$&6#7;!&5)*0 $,:&5/0 

;$&"#)(; 4#$#+&%/!( /- &1)&")&=& 1&1!&2)/2; &1)&")&0 6,!#$/,'; 

,6&$A)&# "#8#1!"&; 14&1&:)&1!( . ),.&4'#)/3 <)#$=//; 

"*);7%#))&# /-';5#)/#; &4!/5#1.&# .,5#1!"& ';5,; 

%"&2.&4$#'&6'238/0; ;"#'/5/!( <AA#.!/")&1!( ),.,5./; 

4#$#%,5, <)#$=// 4&='&8#)/2; $#%.&-#6#'()*# <'#6#)!*; 

%/1.$#!),2 %'/), "&')*; .'35#"&0 <)#$=#!/5#1./0 ;$&"#)(; 

"/%/6,2 4&'&1, 4&='&8#)/2; ),.&4/!( :&'(?&# .&'/5#1!"& 

<)#$=// ),.,5./; !$#+;$&")#",2 6&%,; 4&')*0 14#.!$,'()*0 

%/,4,-&); <'#.!$&&4!/5#1./0 /1!&5)/. 1"#!,. 
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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.   

1. Higher pumping efficiencies can be obtained ... 

2. Electrons of the active element neodymium are excited to ... 

3. The electrons quickly release ... 

4. They drop first to a short-lived intermediate energy level and the... 

5. Rods of Nd:YAG cannot store ... 

6. The wider emission line raises both ... 

7. Host materials can even be codoped with ... 

8. Neodymium behaves very differently in ... 

9. Other useful host materials for neodymium include ... 

10. The detour has a profound effect on ... 
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       XVI. Answer the following questions. 

1. How can higher pumping efficiencies be obtained? 

2. Do the electrons quickly release some of their energy to the crystal 

    lattice? 

3. How do the electrons get to the ground state? 

4. Why does the detour have a profound effect on the pumping  

    efficiency of the material? 

5. What does the wider emission line raise? Why? 

6. Can host materials be codoped with two active elements? 

7. Have materials doped with rare-earth elements led to a diverse  

    assortment of solid-state laser? 

8. The electrons loiter here for approximately 230 mks, aren’t they? 

9. 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...; I 

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

 

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

     media. 

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

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

3.  The electrons loiter here for approximately 230 mks. 

4. There is no material doped with rare-earth elements other than  

     neodymium. 

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

     improve  pumping efficiency. 

6. The only criterion is that more electrons populate the metastable  

level than terminal level. 

7. Rods of Nd:YAG can store nearly as much energy as ruby can.   

8. 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 A1.2 according to the scheme: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Four-level laser media 

Nd:YAG is the most successful solid-state laser material  

A profound effect on the pumping 

efficiency of the material

Rods of Nd:YAGcan operate in either 

pulsed (Q-switched) or CW mode 

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 I 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 I’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. Bennet: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Mr. Barner: We should be pleased to receive your illustrated 

catalogue and price-list of new kinds of lasers. 

Mr. Bennet: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

      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. 

 

TEXT B 1.2 

 

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] 

 

 II. 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? 

  

III. 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 ... 

 

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

following phrases:  

You see ...; as for me...; in my opinion...; I 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 techniques 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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VII. 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: I think it is right because ...; I 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”. 

 

XII. 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. 

 

XIII.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. 

 

XVI. Use a dictionary and find antonyms of the following  

words and expressions: 

 

 slow; absorption; contrast; brightness; dielectric; loss; real; 

liquid-crystal; full colour. 

 

 XVII. 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. 

 

XVIII. 

FindintextC1.2Englishequivalentsofthefollowingwords: 

 

 !"#$#%&! '%#(!)*%& + )!%,-$#.#/00, #1$-.2,#.#/00 0 

.!3! 00 4*5#+; ).6 , #/07 ".0 03!8"07 (!.!9; ,0 0,-.2 -6 

#'-8 #8$2 $!%,03!8"#/# '#+%!:)! 06; 0 $!%!8 ,!)0(0 8"#9 

#5;!8$+!  #8$0; '%030 6$2 ,0 0,-.2 *< 5#.2 '-(0! $*. 

 

XIX. Read text  C 1.2. 

 

 Say why erbium lasers are applied by medical 

researchers and clinicians. 
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TEXT   C 1.2 

 

       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...; I 

would advise to call your attention to ...; it is interesting that ...; I 

should say that ... 
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UNIT  2.2 

________________________________________________________ 

 

PART  1 

 

I. Read and learn the following words, mind their 

pronunciation: 

narrow   [ nærEu]  1.  !"#$; 2.  !"%& '%()*   

mixture   [ mIkst!E]  (+,(*; -.#+,(* 

mirror   [ mIrE]  1. !,."%/0; 2. !,."%/*1%& -02,.3- 

10()*; 3. 0)04.%5,1#,  

bore    [bo:]   1. 6#%+,). 0)2,.()#&; "%/#4.; 

      2. (2,./#)*; .%()%'#2%)* 

furnish   [ fE:nI!]   (1%45%)*; -.,60()%2/&)*; 

       60()%2/&)* 

discharge   [dIs t!":d3] .%!.&6 

collide   [kE laId]  1. c)%/"#2%)*(&; 

      2. 2() -%)* 2 -.0)#20.,'#, 

via    [ vaIE]   ',.,! 

notorious  [nEu to:rIEs] 1. -0/*! 78#$(& 6 .10$ (/%20$; 

      -,'%/*10 #!2,()19$; 0):&2/,119$;  

-.,(/02 )9$; 2. #!2,()19$ 

notoriously  [nEu to:rIEslI]     -.,(/02 )0 

relegate   [ relIgeIt]           0)(9/%)*; 1%-.%2/&)*; 0)10(#)*; 

     "/%((#;#<#.02%)* 

interferometry  [/IntEfIE romEtrI]  #1),.;,.0+,).#& 

ion    [ aIEn]   #01 

interaction  [/IntEr æk!En]  2!%#+06,$()2#, 

plethora   [ ple#ErE]   1. -0/10".02#,; 2. #!04#/#,;  

       40/*=0$ #!49)0" 

appear   [E pIE]   -0"%!92%)*(&; -0&2/&)*(&;  

      -.0&2/&)*(& 

violet   [ vaIElIt]   ;#0/,)029$ 

molecular   [mEu lekjulE]  +0/," /&.19$ 
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experience  [Iks pIErIEns]  1. o !"; #$% &'()&*"; 

     2.(% !"!+,"-; .*,"-  / / !"0 

symmetrical  [sI metrIkEl]  %())&"'(1*!2  

bend    [bend]   1. (.3(4 

       2. 3*0"-; (.3(4,"-; %+5.!+,"-; 

       *, ',+65"- 

accompany  [E k!mpEnI]  %/ '/+/78,"-; %/ 0"%"+/+,"- 

eventually   [I vent"ElI]   + $/*&1*/) %1&"&; + $/*9&  

$/*9/+; %/ +'&)&*&)  

longitudinal  [/lond3I tju:dInl]   '/8/6-*!2 

transverse   [ trænzvE#s]   / &'&1*!2 

combine   [kEm baIn]   /4:&8(*5"-; $/)4(*('/+,"-;

      %)&;(+,"-; %/1&","-(%5)  

surgical   [ sE#d3IkEl]  <('0'3(1&%$(2 

 

II. 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 

 

III. Read and guess the meaning of these  words: 

gas          [gæs]             identical   [aI'dentIk=l] 

design     [dI'zaIn]         product-code ['prod!kt k=ud] 

plasma    [ plæzm=]   discrete   [dIs krI:t]  

anode      ['æn=ud]metrology          [me'trol=d3I] 
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tube        [tju:b]             ionize    ['aI naIz] 

cathode   ['kæ  ud]    radar   [reI!d ] 
resonant  ['rezn nt]  atmospheric-pressure [/ætm s'ferIk pre" ] 
tensor     ['tenz ]            valency  

 ['veIl nsI]!"#$% 

dislocation [/dIsl u'keI" n] situation  [/sItju'eI" n] 

accommodate [ 'kom deIt]  schematic [skI'mætIk] 

 

IV. Read the words: 

["]    she, short, shape, furnish, interaction, photoablation spatial,  

proportional, pressure 

[t"]mixture, fixture, feature, discharge, eventually 

[ u]  narrow, code, mode, anode, cathode, molecular, notorious,  

exposurephoto, photolithography 

[ai ] 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 

to split -     (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 (sb/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 

 

VI. 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) value. 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 MoscowStateUniversity 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   !"!#$#%$!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 

required. 

 

GRAMMAR      REVIEW 

 

PASSIVE VOICE 

 

 

 

   PRESENT       PAST  FUTURE 

INDEFINITE    (is,are,am)+  (was,were)+      (shall,will)+be +  

   done                   done   done 

_____________ ___________________________________________ 

CONTINUOUS (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. 

I was told what I 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. 

 

to be  + Participle II 
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VIII. 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. I 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     A 2.2 

 

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 to1), 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 (CO2). These lasers generate stimulated emission from the 

low-energy transitions between vibration and rotation states of 

molecular bonds. The triatomic molecule CO2, 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 CO2 lasers are discharge-pumped, but RF excitation is 

used too. If the CO2 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 CO2 lasers, called 

TEA (transversely excited atmospheric-pressure) lasers, can generate 

megawatts of peak power by transversely exciting the CO2 gas at 

atmospheric pressures. 

          The 10.6-mkm average emission wavelength of CO2 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 CO2 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.  !"#$%&"!' ( 

 2. relegate     2. )*+*, 

 3. collide     3. c-"./"!', 0+*12 !"&#(!' 

4.via     4. 2! 3#"!', -"0+"&#(!' 

 5. furnish     5. %,2.%#%* 

 6.ion     6. 0+* #2&4!2 

 7. molecular    7.  &*+#%!' 

 8. mirror     8. &,"%521*6 !&%* 

 9. bore     9. ,*+$"#2 

10. interaction          10. 7%+4+8%)* $%6 

11. bend           11. 52#*$4#(+-36 

12. pump            12. %,8%. 

13. majority           13. -"$")%&"!' 

14. surgical          14. .2#'9%- !&2 

15. plethora          15. %2-  
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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, c) 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 

 

XII. 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. 

   !"#$#% &!"'(' !)*+$,#- .('/#- 0$&0'*.0  !" +&+ .%'.1 

 !"#$. 2(34)3 +&+ )!%'(3 . !)*+$,#-  !"#$#- .('/#- 5#%'6!7* $ 

#5*+8'.)+- ('"#,!*#(. 9(#.*'-:+- #5*+8'.)+- ('"#,!*#( 

.#/'(;+* /$! 5&#.)+< "'()!&!, #/,# +" )#*#(=< /'&!'*.0 

5#&35(#"(!8,=%. >'()!&! (!.5#&! !7*.0 5'(5',/+)3&0(,# 

5(#/#&1,#- #.+ *(34)+. 9(+ ,!&+8++ $  !"' +,$'(.++ 

,!.'&',,#.*'- .$'*#$!0 $#&,! 3.+&+$!'*.0 +"-"! 5(#?'..#$ 

$=,3;/',,# # +.53.)!,+0. @!"#$=' &!"'(= #4&!/!7* $=.#)#- 

#5*+8'.)#- #/,#(#/,#.*17 !)*+$,#- .('/= + 3")+%+ 

.5')*(!&1,=%+ &+,+0%+ +"&38',+0. A*+ .$#-.*$! #5('/'&07* 

$=.#)37 %#,#<(#%!*+8,#.*1, #.*(37 ,!5(!$&',,#.*1 +"&38',+0, 

$=.#)37 )# '(',*,#.*1 + .*!4+&1,#.*1 8!.*#*=. B+!5!"#, 

(!4#8+< /&+, $#&, .#.*!$&0'* 100 ,% - 1000 %)%. C#6,#.*1 

+"&38',+0  - 100 %)D* - 1 CD* $ ,'5('(=$,#% (';+%'. 

 

XIII. 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: 

 !"#$%&'&()"" $#%*+,-./0# 1/,2 %&3"!#0; 1%"4/!,5".4,6 

!&3!7'; 0#3$89'"-," :&3#0;< !&3!7'#<; 834&7 ./"4%7--&7 /!8$4&;  

.<".* :"%,"0#:# , -"#-#0#:# :&3#0;  #5/, ,'"-/,5-&  # 1-"!:,,; 

0#30!&)&/*.7 0 #.-#0-#" .#./#7-,"  # # !"'"%"--#<8  8/,; 

-,34,6 4#1==,>,"-/ 8.,%"-,7 , 1=="4/,0-#./*; !":8%,!#04& 

(0;!&0-,0&-,"); ,#--;6 %&3"!; 0#3$89'"-," 1%"4/!,5".4,< 

!&3!7'#< 0;.#4#:# -& !79"-,7; !&3!7'-;6 /#4; -&,$#%"" 0&9-;" 

0,',<;" %,-,,  ,3%85"-,7; #$%&./, . "4/!&; . "4/!&%*-;" 

',& &3#-;; 5!"30;5&6-# 0;.#4&7 <#)-#./*; 0!&)&/"%*-;" 

8!#0-,; <"9<#%"48%7!-;" .073,; .,<<"/!,5-#" 0;/7:,0&-,"; 

 "!"'&5& 0 ,-=!&4!&.-8( #$%&./* . "4/!&; 1-"!:"/,5".4," 

 #'8!#0-,;  #<")&/* 0 3& &7--8( /!8$48; 0;.#4&7 0;2#'-&7 

<#)-#./*; &/<#.="!-#" '&0%"-,"; 2,!8!:,7. 

 

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 CO2 is ideal for 

drilling, cutting, and welding a variety of materials. 

7. The ability of CO2 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 CO2 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 CO2 lasers, called TEA 

(transversely excited atmospheric-pressure) lasers, can generate 

megawatts of peak power by transversely exciting the CO2 gas at 

atmospheric pressures. 

 

XV. Complete the following sentences: 

 

 1. The vast majority of gas lasers are ... 

 2. The gain medium consists of ... 

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

 4. The overwhelming majority of HeNe lasers are ... 

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

 6. 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 ... 
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13. The gas also can be made ... 

14. It must be continuously regenerated because ... 

 

 XVI. Answer the following questions: 

 

 1. What is the gain medium in gas lasers? 

 2. Is the HeNe laser discharge-pumped? 

 3. Where do the excited helium atoms transfer their energy? 

 4. Can electrons return to the ground state? 

 5. Which paths do they return? 

 6. How is population inversion reached? 

 7. What is the rare-gas laser?  

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

 9. 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? 

 

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...; I 

agree with you...; I 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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5. The rare-gas ions are excited from their ground state to higher 

metastable state from which stimulated emission can occur. 

6. At IR wavelengths, extremely low powers are available from 

molecular gas lasers such as carbon dioxide (CO2). 

7. For higher output power, the gas also cannot be made to flow along 

(longitudinal) or across (transverse) the optical cavity. 

8. 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. 

9. 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 

 Gain medium 

is gas

Some 

applications 

Stimulated 

emission

Rare-gas 

ion lasers

Molecular 

gas lasers 

Discharge  

current 
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XIX. Read the dialogue and act it out.  

Mr. Nicolson: I saw your advertisement for optoelectronic engineers 

in the Career Forum recently and I am interested in applying for a job 

with you. 

Mrs. Grey: OK. What qualification have you got? 

Mr. Nicolson: I have a school leaving certificate and a diploma in 

optoelectronic devices maintenance and operation. Since 1998 I 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 I’d 

like to ask you some questions. 

Mr. Nicolson: You are welcome. 

Mrs. Grey: . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mr. Nicolson: . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mrs. Grey: . . . . . . . . . . . . . . . . . . . . . . . . . .  

 

XXI. Choose a partner and talk about different kinds of gas 

lasers. 

 

XXII. Write a summary of the text. Limit it to 10 sentences. 

 

 

PART  2 
 

I. Read text  B 2.2 and formulate its main idea. 
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TEXT     B 2.2 
 

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 
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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] 

  

II. 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? 



 

 

121

 

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? 

 

III. Complete the following sentences using text B2.2. 

1. This miniaturization is ... 

2. Fabrication of microcomponents and miniature systems requires ... 

3. Conventional mechanical operations carried out by ... 

4.  The spatial resolution associated with lasers, high-resolution  

imagingsystems, and precision motion-control devices allows ... 

5. No one would argue that ... 

6. Excimer laser ablation has several feature that ... 

7. The deep-UV wavelengths at which excimer lasers operate are ... 

8. Only a few hundred microjoules of optical energy are required for  

... 

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...; I can say that...; I 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. 

  

VI. Make up and write the scheme of text B2.2 using titles of 

each paragraph. 

 

VII. 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: I think it is right because ...; I 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”. 

  

XII. 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. 

 

XIII. 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: 

 !"#$%&'$  !"#$%$ $ &'()* $"+,$; -$.$!"/0.1+ 

$.2"0*-+."1 $ 30$23'2'),+.$4; -!0%$0'&'#.1+ -!"+0$!,1; 

"'%!0.15 2"!.'%; 60!&$0'&'#.15 0+(+7; %0'.7$0%*,8; 

9!0!%"+0.1+ 0!(-+01;  $!-+"0 '"&+02"$4; :$0$.! ;+,$; 

'3"$#+2%'+ &'( +52"&$+ <'"'0+($2"'0!;  $60!"8 &!=.*/ 0',8; 

2$,8.' 3'6,';!/;$5; &  '3',.+.$+; 30$,+6!/;!4 3' ,'=%!; 

.+'2&+;+..!4 '),!2"8; 3' 9' 4;$5 0!(-+0 $ <'0-!. 

 

XIX. Find in text C2.2 English equivalents of the following 

words: 

-',+%*,40.1+ 6!('&1+ ,!(+01;  !,8.44 *,8"0!<$',+"'&!4 

'),!2"8 23+%"0!; -';.15 >,+%"0$#+2%$5 $-3*,82; .+(!&$2$-1+ 

!"'-1; (! .+2%',8%' .!.'2+%*. ; '" <'"',$"'60!<$$ & 

<'"'* !,+.$4. 

 

XX. Read text  C 2.2 

Say where excimer lasers are used. 

 

TEXT     C 2.2 

 

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...; I 

would advise to call your attention to ...; it is interesting that ...; I 

should say that ... 
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UNIT  3.2 

________________________________________________________ 

PART  1 

 

I. Read and learn the following words, mind their 

pronunciation: 

existence  [Ig'zIst ns]  !"#$!%&'&()*$  

virtually  ['v :tjulI]  +(,%*-$!,*; & !"#)'!%*, .'*!%*)$ 

mature  [m 'tju ]  1. /0$123; %#(%$14)' '56"7())23; 

        .0'6"7())23; 

     2. !'/0$%4; &.'1)$ 0(/&*%4!8;  

   .'60'5)' 0(/0(5'%(%4   

scanner  ['skæn ]  1. 7)'9'%'-$-)23 */7$0*%$14)23   

    .0*5'0; !,()$0 

worldwide  ['w :ldwaId] &!$7*0)' */&$!%)23;  

7*0'&'3 

roughly  [r flI]  5"0)'; 0$/,'; 90"5'; )$0'&)' 

gap   [gæp]  .0'7$:"%',; *)%$0&(1 

outmoded  ['aut'm udId] "!%(0$&;*3  

succumb  [s 'k m]  .'66(%4!8; "!%".*%4 

biased  ['baI st]  !7$#$))23  

reverse-biased [rI'v s 'baI st] '50(%)23 !7$#$))23         

forward-biased ['fo:w d 'baI st] .087'3 !7$#$))23 

traffic   ['træfIk]  6&*:$)*$ 

jam   [d3æm]  1. !,'.1$)*$; 

2. c:(%*$;!:*7()*$; 

3. /(#$71$)*$ 

disparity      [dIs'pærItI]  )$0(&$)!%&', )$!''%&$%!%&*$ 

 

II. 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 

 

III. Read and guess the meaning of these  words: 

 

laboratory [l 'bor t rI]   photodiode ['f ut 'daI ud]

  

resolution [/rez 'lu:  n]   million ['m lj!n]   

recombine [rI'combaIn]  structure  ['str!k"!] 

material [m 'tI rI l]   fact   [fækt] 

separate     ['seprIt]   dynamics  [daI'næmIks] 

valence ['ve l(!)n(t)s]  cavity  ['kævItI] 

detector [dI'tekt ]   spectrometer [spek'tromIt ] 

region ['ri’#(!)n]   mask [m":sk] 

optomechanical [/opt mI'kænIk l] 

 

IV. 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 quantum-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 7o’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 

 

VIII. Change the following sentences into inderect speech. 

1. “I 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     A 3.2 

 

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  =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: 

1. semiconductor   1.  !"!#$% 

2. worldwide    2.  "$%&'())*+ 

3. gradually     3. %,-.!)-! 

4. succumb    4. & "(,/0!'*+ 

5. mature     5. -).!12-"$,(23 

6. handheld    6.  $/& "$,$%)-1 

7. traffic     7. 4.(2-!, 41$ /!)-! 

8. congestion    8. 5-"-)( 6( "!7!))$+ 6$)* 

9. junction     9. )( "0.!)-! 

       10. feed-back   10.  !"!%,-.!)-! 

       11. motion    11. 5-"$1$-6,!42)*+ 

       12. voltage    12.  $42! !))$ 

       13. jam    13. $8"(2)(0 4,063 

       14. band-gap   14.  $%%(2340, &42& -23 

       15. inject    15.  !"!)(4!/!))$423 

 

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, c) pick up, d) unwind 

  7. indirect  a) simple, b) contrary, c) opposite, d) the same 

  8. slip   a) combine, b) disappear, c) 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 
 

XII. 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. 
 

  !"#$%!&!'()*!&+,  !"#$% &'(&)*')* + ',#$-&'# .(%/ 

 !"#$!/. 0+'1,(!* )$#-! , '!+12  !"#$!2 )&"-!#')* , &34#/# 

5 #+'$&((&--%$&6(&7& 8#$#2&-! , 8& 98$&,&-(1+!2 8$1 

,&"39:-#(11 '&+&/, +&'&$%; '#6#' , 8$*/&/ (!8$!, #(11, "! 

)6#' 1(:#+<11 , &3 !)'. 8#$#2&-! 5 #+'$&(&, 8$&,&-1/&)'1 1 

-%$&+. = * )&"-!(1* 8& 98$&,&-(1+&,%2  !"#$&, 8$1/#(*>')* 

GaAlAs, InP, PbSe, PbS1 -$971# 8& 98$&,&-(1+&,%# /!'#$1! %. 

?"-"! /! %2 &34#/&, p-n 8#$#2&-! 8& 98$&,&-(1+&,%#  !"#$% 

1/#>' /! 9> /&@(&)'. ,&"39:-#(1* 1 (#3& .A9> ,%2&-(9> 

/&@(&)'. (e-1(1<% 1 -#)*'+1 /B'). C(1 *, *>')* )!/%/1 

/1(1!'>$(%/1  !"#$!/1. ?)8& ."9* 8& 98$&,&-(1+1 

$!" 16(&7& )&)'!,!, /&:(& 8& 96!'. 1" 96#(1# (! - 1(!2 ,& ( , 

-1!8!"&(# 0.7 - 1.6 /+/. 
 

XIII. 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: 

  !"#$%$& !" '!"!($!(); "!%*! ")+, +)+ '!"!($!(*,- 

(&"&+"!.; .&+!/0$*)1$2 3#&+".!*!4 $ (,.!+; 5.2/!- $ !0.)"*,- 

p-n 5&.&6!(; .)7#$%*,& /)"&.$)#,; 4,8!+)2 5#!"*!8"9 

3#&+".!*!4 $ (,.!+; 8:)"$&; 5.2/!- 8/&;&**,-; !0.)"*)2 84279; 

.)74$"$& (4!-*,6 <&"&.!8".=+"=.; 8!8"!2"9 $7 !%&*9 "!*+$6 

8#!&4; p-n 5&.&6!(; 5!"&*1$)#9*!-3*&.<&"$%&8+$- 0).9&.; 

0!#9>!& %$8#! 3#&+".!*!4 $ (,.!+; 0!#9>& 84&") /&*9>& "&5#); 

5.!"&+)"9 %&.&7 )+"$4*,- 8#!-; 5!#!:$"&#9*! 7).2:&**,- 

/&")##$%&8+$- +!*")+"; !(*) $7 *)$0!#&& 3''&+"$4*,6 

+!*8".=+1$-; +!3''$1$&*" 5.&#!/#&*$2. 
 

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. 

5. 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. 
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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.Is 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...; I 

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 

Modern application of 

semiconductor lasers

Light-emitting diode 

The forward-biased condition  

The disparity between the 

two types of semiconductors
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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 I had long looked forward. I have 

acquainted with your products and I’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  =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. 

Direct-band-gapand  indirect-

band-gap semiconductors

A population invertion and some  

kind of optical feed-back 
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Mr. Tompson: I very much appreciate  your kindness and that of 

Mr. Forst in showing me round the new plant. I 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:  . . . . . . . . . . . . . . . . . . . .  

 Mr. Roberts: . . . . . . . . . . . . . . . . . . . .  

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   B 3.2 

 

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 



 

 

139

 

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 (SiO2) 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] 

 

II. 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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III. Complete the following sentences using the text. 
 

1. In fact, it wasn't until 1970 that ... 

2. Unlike the simple p-n homojunctions described above, a double- 

     heterostructure junction consists of ... 

 3. The key to this design is that ... 

3. Higher efficiency means ... 

4. To achieve even greater efficiency, the active layer of a double-  

     heterostructure laser diode can be ... 

 5. One simple method is ... 

 6. Index-guided laser diodes use ... 

 7. One of the most effective designs, the buried-heterostructure laser   

     diode, takes advantage of ... 

 8. 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...; I can say that...; I think 

so... 
 

1. Semiconductor lasers had to operate in pulsed mode to avoid the  

     catastrophic failure caused by heat build-up. 

2. 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. 

3. In a forward-biased double heterostructure electrons and holes  

     cannot enter the active region. 

4. This so-called carrier continement enables a large number of  

     electrons and holes to be packed into a small volume. 

5. Higher efficiency means less light and more heat. 

6. Stripe-geometry laser diodes make up the great majority of com- 

    mercial laser diodes in use today. 

7. In this device, a narrow active region isn't surrounded on four sides  

     by low index. 

8. 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. 

  

VI. 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: I think it is right because ...; I 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”. 
 

XII. 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. 

 

XIII.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. 
 

XVI. Use a dictionary and find antonyms of the following  

words and expressions: 

incondensable; incomplete; negative; total; solid; low; adjusting; 

specific; advanced. 
 

XVII. 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: 

  !"#$%&%'( )*+,)!*$*-.%/*$*0 &'1.%/%; (*+'/,+2!.*-+,3'$"2 

4)%&"/ %2; 3!'#$53"0.* &*./%'  &!,/&,!5; &*+6%." "/&%$.*7* 

 +*2; $"+'.&.5'  $2#%; -$*0.*0 7'&'!*)'!'1*-; )*!*7*$50 &*/. 
 

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   C 3.2 
 

QUANTUM-WELL   STRUCTURES 
  

"With the development of advanced semiconductor fabrication 

techniques such as molecular-beam epitaxy and metal-organic 
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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-

quantum-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...; I 

would advise to call your attention to ...; it is interesting that ...; I 

should say that ... 
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UNIT  4.2 

 

PART  1 

I. Read and learn the following words, mind their 

pronunciation: 

 

liquid   [ lIkwId]  1.  !"#!$; 2.  !"#%&'( 

dye    [daI]   1. #)*&!'+,(; 2. %#)*-!.*'( 

solvent   [ solv/nt]  1. )*&'.%)!'+,(; 2. )*&'.%)012!$ 

span    [spæn]  1. 3+)!%" .)+4+5!; "!*3*6%5;   

2. !64+)0'(; %7.*'8.*'(  

chamber   [' e!mb9]  #*4+)* 

originate   [9'r!"(9)ne!t] "*.*'( 5*:*,%; 3%)% "*'(; &%6"*.*'(  

desire   [dI zaI/]  1.  +,*5!+; 3)%&(;*;  

2.  +,*'(; 7%'+'( 

coherence   [k/u hI/r/ns]   #%<+)+5'5%&'( 

plastic   [ plæstIk]      1. 3,*&'!:+&#!$; 

          2. 3,*&'4*&&*; 3,*&'!:5%&'( 

congenital   [k9n'"en!t(9)l] 3)!)% "+558$; .)% "+558$ 

wart    [wo:t]         5*)%&' 

vein    [ve!n]         3)% !,#*; #)%.+5%&58$ &%&=" 

scar    [sk!:]  1. )=;+>; 2. %&'*.,0'( -)*4;  

)=;>+.*'(&0 

acceptance  [/k sept/ns] 1. 3)!50'%+ 65*:+5!+ &,%.*;  

2. 3)!50'!+; 3)!+4 

prompt   [prompt]       ;8&')8$; '%:58$ 

aware   [/ w"/]       65*12!$; &%65*12!$ 

damage   ['dæm!"]       1. 3%.)+ "+5!+; =2+);;  

      2. 3%.)+ "*'(; 5*5%&!'( =2+);  

amaze   [/ meIz]       ="!.,0'(; 3%)* *'( 

worth   [w/:#]       >+5*; "%&'%!5&'.% 

propel  [pr/'pel]       1. 3)%".!<*'( .3+)+"; '%,#*'(; 

           3)!.%"!'( . ".! +5!+; 
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                                              2.  !"#$%&; '%"()*"+,!$%&;  

      3. -,.)/ $%& 

treatment    ['trI:tm0nt]   .   ,.+$.,%1$; *2324"2; )5,  

 

II. 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 

 

III. Read and guess the meaning of these  words: 

   elliptical  [ 'l pt k(6)l]  monolithic  [/mon0u'lI Ik] 

   massive       ['mæsIv]                elegant  ['el6g6nt] 

   momentum [m0u'ment0m]       proportional [pr0'po:! 0nl] 

   index   ['Indeks]                metal  ['metl] 

   concentrate  ['kons0ntreIt]         phase  [feIz] 

   organic      [o:'gænIk]              quantum  ['kwont0m] 

configuration[k6n’f gju're !(6)n] diffraction  [dI'fræk!0n]  

 

 

IV. Learn to read the words: 

 

[I:]he, see, been, region, treatment, between, species 

[0] 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 sb/sth 

worth -  having a certain value 

drug -  substance used as a medicine or in it 

 

                      LOOK,    READ,     REMEMBER! 

        -ous 

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 
 

 

      1.  !"#$%!&'#()*+   I canrepair this device. 

         ,#',!#!- can, may,         (  !"#$ %"&'(')* 

A         must, should   !"#$%       +)") %,'-",) 

C         &$'&"$"(let, make )%*    Let me help you. (."- 

T         +'#, -. to.       /0"1* 2 %"!"#$ )3-3) 

I Indefinite     2. /%0#,( %, (.1'2%3-    It was necessary to help 

V     3"%  34 3 , ("5,          him. (451" (3"-6"7'!" 

E       "63"(1%5%33" # 6%0#,-   %"!"&* 3!$) Ineedto 

        ( %5 &$'&"$' #7'*8%-      buythatbook.(8(3 (3"-- 

     5"&".              6"7'!" 9$%')* )$ 9('#$  

       Continuouse    9.1'2'%, 6%0#,( %        It was pleasant to be 

       7","1"% 6$ ,#: ( ,"        speakingwithyouagain.  

       (1%5:, 7"&6' !1" #;"-   (451"%,'2)(" :("0; :  

    ;"6 , 6%0#,( % &$'&"-   )"-"< ,;/#"0;,'0;)*) 

    $'-#7'*8%5"&".  

 

                                9.1'2'%, 6%0#,( %,         Iamgladtohavedone 

     7","1"% !1%6<%#,(8-       mywork. (  ,;7, &)" 

     %, 6%0#,( =, (.1'-          $=3 :731;1 :0"> ,;-"- 

Perfect      2%33"58 &$'&"$"5-          )$) 

     #7'*8%5.5,  $  !1"- 

      #;"6 , 1'3%%  

     7'7"0-$ )" # ,8'-   

         >"7'*.('%,, +," (.-      Iamgladtohavebeen 

       1'2%33"%  5 6%0#,-       listeningtoyou. (  ,;7, 
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 Perfect        !" #$%$&'() *'              !"#$% &'()"  ((*% +!"  

Continuouse   *"+(, !- .&$.'&$-           (,%-.) */#0'1 !%2.) 

     (/$01"2'.' !  ("  

                                "3" 45'*'&6$",(-.                                                

                                 7$((! #8+ !#9!#!-      Iam (always) glad to be 

                        ,!   85$6$", *"+(,-     invitedbyhim. (3)% (*%4- 

P Indefinite         !", /','5'" !(48-         &' 5,6.!)", 7"4&' ")  

A                             ,8 $",  &!:'   !&!           -%). 5,64/'0'%!) 

S                              45"*2",, ';'0#$%"#-  

S                        #8+ 4'*&"6$3!2.                                                    

I Perfect             <85$6$",*"+(, !",       I am glad to have been 

V                              /','5'" !(48,8 $&'       invited. (8 ,'&,  !"  

E         &!:' !&! 45"*2",,          -%). 5,64/'*6/6) 

                                 ';'0#$%"##8+ 4'*- 

         &"6$3!2, 5$#"" /$- 

         /'+-&!;' (!,1$:!! 

         !&! *"+(, !-,  85$- 

         6"##'.' .&$.'&'2- 

        (/$01"282.  
 

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     A 4.2 
 

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. Rox 

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.  !"!#$% 

  2. index    2.  !"#$%  

  3. grating    3. & !"'#()* 
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  4. solution    4.  !"#$%& 

  5. dye    5.'()!*& 

  6. aware    6. (+,"!%)-./%& 

  7. amaze    7. /(,-+-!'!(.'0 

  8. organic    8. /(122%3%-!' 

  9. treatment   9. 4+(!%/!(5-!%- 

 10. coherence          10. 6-7"'0 

 11. liquid           11. 4(+"6"'0, % 897:'0 

 12. penetration          12. ;58<)".'('!*& 

 13. desire           13. /"9-+" 

 14. frequency-doubled 14. 6%;/(.'0 

 15. chamber   15. 7-)-!%- 

 

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, c) 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. 
 

= 6%;/(.'!*< 7" -+"<"/'%5!(& .+-;(& .786"' +".'5(+* 

%7% !-(+,"!%)-./%- .(-;%!-!%:. >%+(/(- +".4+(.'+"!-!%- 

4(78)%7% 6%;/(.'!*- 7" -+* !" +".'5(+"< (+,"!%)-./%< 

/+".%'-7-&. ?!% ;"#' 5( 9(6!(.'0 (.8$-.'5%'0 47"5!8# 

4-+-.'+(&/8 )".'('* % 78)-!%: 5 4+-;-7"< @%+(/(& (;( 100 !9) 

4(7(.* 7#9%!-.3-!3%% /+".%'-7:. A-+-.'+(&/" (.8$-.'57:-'.: 

. 4(9($0# ;%.4-+.%(!!*< 17-9-!'(5 (4+% 9, ;%2+"/3%(!!*< 
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 !"!#$%),  &'($)$*!++,- .+/# 0  !1$+&#$ & )&1! &. 2&%&3%& 

$'/4!'#.)5!#'5 )&6(&60-.'(,"%&60 0)0 7 /8060 )&1! &60. 9 

( $:!''! +&%&3%0  &'#.$  % &'0#!)5 +!( ! ,.+$ ( $%&30.&!#'5 

3! !1 $;)&'#< .$1;/*7!+05. 
 

XIII. 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: 

*07%$'#+,! )&1! ,; +&0;$)!! /7&3+,! 01 .'!-; 70&(&1$+ 

'(!%# & $# ;)0*+!= /)<# &>0$)!#$.$= $;)&'#0 7$ ;)0*+!= 

0+> &% &'+$=; 7./-3&'#$#+,=;  &'#.$  % &'0#!)5; 

70> &%:0$++&5  !"!#%&; .,'$%&5 %$8! !+#+$'#<; '.! -%$ $#%0! 

)&1! +,! 06(/)<',; #!-+$)$805 '%&+0 $.&+05; ()&'#03!'%&5 

-0 / 805; .$'(&)!++,! " &6,; >$#$70+&603+&5 #! &(05; . 

+!7&)!%$6 ;/7/4!6; ( $=#0 /'%$ !++$! 7$($)+0#!)<+$! 

01/3!+0!; .$17!='#.0! )&1! $. +& >0103!'%0! '.$='#.& #%&+0; 

1&($)+0)$ ;, +!'%$)<%$ '# &+0:. 

?&16!  %&*7$= '$'#&.)5@4!=; $(#03!'%0= (/#<; '$#+0 0 

#,'530 60% $1! %&); 0+70.07/&)<+$ +&( &.)!++,=; 

( $!%:0$++&5 (&+!)<; 0'#$3+0% 0+>$ 6&:00;  !1/)<#&#, +! 

.'!87& ( !7'%&1/!6,. 
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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-IR, depending on the dye used. 

2. The dye solution is usually pumped transversely through the laser 

cavity. 

3. 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-IR, 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. 
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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. 
 

1. Liquid lasers are ... 

2. These lasers generate broadband laser light from ... 

3. The large organic molecules of dye are ... 

4. Broadband laser emission originates from ... 

5. Advances in pulsed-laser and scanning technology have led to ... 

6. Other applications are the focus of ongoing research that ... 

7. They are also prompting closer study of ... 

8. Practising dermatologists and cliniciants have become ... 

9. To list all the lasers and applications used in dermatology today 

would .... 
 

     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...; I 

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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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 

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 

interaction 

cosmetic 

procedure

photodynamic 

therapy 

Treatment of 

chronic dia-    

betic skin  

conditions 
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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] 

 

II. 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? 
 

III. 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...; I can say that...; I 

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. 
  

VI. Make up and write the scheme of text B4.2 using titles of 

each paragraph. 
 

VII. 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: I think it is right because ...; I 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”. 
 

XII. 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. 

 

XIII. 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. 

 

XVIII. 

FindintextC4.2Englishequivalentsofthefollowingwords: 

c  !"#$%$&'(!)*$+ ) $,$#-; *%'#'(!)*$! ').$%/0$12#'!; 

3!,42 $%$&'5; .,'1%!*2 / 1#'42#'!; 6$ $(71) 1' !%/#-! 

%!*2,) 12; %20!,- #2 *,2)' !%5"; )78!) 1!##$! 7%7(9!#'!. 

 

XIX. Read text  C 4.2. Say about laser system for clinical use. 

TEXT   C 4.2 

 

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
2
) 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 CO2 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-



 

 

163

 

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...; I 

would advise to call your attention to ...; it is interesting that ...; I 

should say that ... 
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 !"#$% III: 

 !"!#$%&'#($)* +,&'-%,#  #. 

"'-'/! ,, -'0'-%-!/,$%. % 

,$$!&%-!/,$%. 
 

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 III 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 III-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 III-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 

c) in making semiconductor lasers 

 

2. Read the following statements and agree or disagree or say «I 

don’t know». 

1) Compounds formed by the elements from column III 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 III-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. 
 

 

 

 
 

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. 

Noun      Adjective  Adverb 
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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  its path is bent so as to move it  

other than silicon and germani- back into the core. 

um exist, 

2) This makes possible the grada- and can be separated from the  

tion of composition,   others at the receiving end. 

3) If the light beam begins to move  the paths they travel must 

not 

from the core into the cladding,  differ in length by more than a 

       few centimeters. 

4) Each signal is of a slightly   and they have different useful  

different wavelength    properties. 

5) Thus, if two signals that start  and thus the properties, of the 

simultaneously from different  semiconductor material within 

sites are to arrive at their desti- one continuous crystalline   

body,      nation simultaneously, 

 

 Discussing the text 

 

8. Discuss the following: 

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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“Liquid 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
0
 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 0 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      c) nothing. 

 

2. Read the following statements and agree or disagree or say «I 

don’t know». 

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) ___ a second, higher temperature this liquid-crystalline state  

undergoes another transition ___ an ordinary liquid. 

3) The upper and lower substrate plates ___ a TN display are 

separated   ___  a narrow gap ___  about 8 m.  

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. 

 

  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
0
 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 (MQWs). The laser emits at 

1.553 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 
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1. Make the right choice: 

1) At the Institute d’Optique   a) LCD technology  

at Paris Sud researchers  b) use smart-pixel technology 

      c) isotope techniques 

      d) vacuum technology 

 

2)This opens the way for    a) fault image processing in the pixel      

array 

b) enlarged image processing in the     

pixel array 

c) blurred image processing in the    

pixel   array 

d) video-rate image processing in  

the pixel array 

 

3) One new development being a) hybrid polymer/semiconductor  

pursued there is the possibility     optical integrated devices  

of fabricating     b) laser radars 

   c) semiconductor devices  

    d) magnetic storage devices 

 

4) Such monolithically integrated  a) regular transmission 

laser-modulators are expected to  b) single-band transmission 

be useful for     c) long-haul transmission 

      d) one-way transmission 

 

5)active layer is based on  a) In0.2Ga0.8As multiple quantum  

wells 

      b) Al0.7Ga0.3As multiple quantum  

wells 

      c) GaAs multiple quantum wells 

      d) InGaAsP multiple quantum wells 

 

2. Read the following statements and agree or disagree or say «I 

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. 

 

 Discussing 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. 

 Crossbar switches are an important element of many optical 

logic circuits and can be fabricated in a variety of ways. For instance, 

a 4x4 crossbar 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 II 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. 
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 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. 

      c) 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. 

c) 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. 

  c) multivalued-logic. 

2. Read the following statements and agree or disagree or say «I 

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. 

 

 Discussing 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. 

c) 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 «I 

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 ___ a solid, ice, or ___  a gas, 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    c) 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. 

 

 Discussing 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 l 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 x-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 used 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. 

c) 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. 

c) 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 «I 

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. 

 

 Discussing 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. 

     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  , is 10
-8 

cm. The shorter 4000   waves produce the violet 

colour, the 7000   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   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 10
-3 

second.  

 

 

Fig. 2. Three levels of chromium ion in ruby rod (associated with 

pumping and laser action). 
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By examination of Fig. 2, you can see that a pumping light of 

frequency f12 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 f31, 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 (f31 

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 f31 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  f0 = n /2,where   is the wavelength and n is an 

integer. For example, taking n as 10
5
, the difference between resonant 

wavelength, ! ,  is given by (! /!)=( !f/f)=1/n=10
5
. The cavity is 

resonant for large number of frequencies immediately around f31, 

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
-5 

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
-6 

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. 

c) 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)  

      c) the cylindrical ruby crystal (a) 
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4) The wavelength correspon- a) 6943 angstroms in vacuum. 

ding to f31 radiation is found  b) 3543 angstroms in vacuum. 

to be       c) 1050 angstroms in vacuum. 

6) The intermediate level (3) a) 10
-6 

second.  

is metastable with a lifetime  b) 10
-3 

second. 

of  approximately   c) 10
-8 

second 

 

2. Read the following statements and agree or disagree or say 

«I don’t know». 

 

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   waves produce the red colour. 

4) The cavity is resonant for large number of frequencies immediately 

around f31. 

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 (f31 

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 
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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. 

 

 Discussing 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  10
-5 

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. 

     c) 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. 

     c) 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   c) near the aperture. 

 

2. Read the following statements and agree or disagree or say «I 

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
0
F the solid ice (to become) 

the liquid form of water. If the temperature (to raise) still higher to 

212
0
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
0
 with respect to the 

first, no light (to pass) through. 

4) If slot (to be) rotated 90
0
 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. 

 

 Discussing 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. 
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 !"#$%&'() ( * +!,'-& !.!/'$0&'() 

 

Ar  argon    !"#$ 

As  arsenic   %&'()* 

Cr  chromium   +!#% 

CW  continuous wave $,- ./+ 012, 3#4$& 

Ga  gallium   " 425 

Er  erbium   6!725  

Hz   hertz    ",!8 

Kr  krypton   *!29.#$ 

LED  light-emitting diode :3,.#;2#; 

mkj    microjoule   %2*!#;<#/4( 

mkm  micrometer  %2*!#%,.! 

mks  microsecond  %2*!#:,*/$;  

mW  milliwatt   %24423 .. 

Nd  neodymium  $,#;2% 

near-IR near infrared  742<$252$=! *! :$&5 

;2 9 -#$ 

near-UV    near ultraviolet    742<$25 /4(.! =2#4,.#3&5 

 ;2 9 -#$ 

nm   nanometer   $ $#%,.! 

Pb  lead    :32$,8 

PDT photodynamic therapy :3,.#3 ) .,! 92) 

Si  silicon   *!,%$25 

Ti  titanium   .2. $ 

RF  radio frequency  3&:#*#> :.#.$&5 

HeNe  helium-neon   ",425-$,#$#3&5 
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ENGLISH-RUSSIAN VOCABULARY 
 

 !"#$%&'() 

  – adjective – *+,-./.01-2341  

adv – adverb –  !"#$%# 

cj – conjunction – &'() 

n  – noun  – &*+#&,-%,#./ '# 

num – numeral – $%&.%,#./ '# 

pl – plural – 0 '1#&,-#  '# $%&.' 

pron – pronoun – 0#&,'%0# %# 

prp – pronoun – 2"#3.'4 

v – verb – 4.!4'. 
 

A 

acceptance  [5k sept5ns] n 1. 2"% 6,'# ) !$# %# &.'-!;  

    2. 2"% 6,%#; 2"%#0 

accompany  [5 k!mp5nI] v &'2"'-'13!,/;  

&'2*,&,-'-!,/ 

actuator   [ æktjueIt5] n &%.'-'7 2"%-'3;  

"*8'6,8! 2"%-'3!; &'.# '%3  

affect   [5 fekt]  v -')3#7&,-'-!,/; -.%6,/ 

aluminium  [/ælju mInj5m] n !.(0% %7 

amaze   [5 meIz]  v *3%-.6,/; 2'"!1!,/ 

amorphous [5 mo:f5s]    9#&:'"0#  ;7; !0'": ;7;  

       #8"%&,!..%$#&8%7   

appear   [5 pI5]  v 2'8!);-!,/&6; 2'6-.6,/&6;  

      2"'6-.6,/&6 

approximately [5'proksImItlI] adv  2"%9.%)%,#./ ';  

      2"%9.%1#  '; 2'$,% 

architecture ['":kItekt#5] n !"<%,#8,*"! 

arsenic  ['":snIk]  n 0;=/68 

arsenide  ['":snId]  n !"&# %3 

assortment  [5'so:tment] n !&&'",%0# ,; &'",%"'-8! 

attainable  [5 teIn5bl]    3'&,%1%0;7  

audience  ['o:dj5ns]  n )"%,#.%; !*3%# >%6 
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aware   [  w! ]    !"#$%&'; ()!"#$%&' 

B 

barrier  ['bæri ]  n *#+,-+; .+-./0(01&-; .)2-3# 

behave  [bI'heIv]   1. .)(04.#0,, 1-(0& (-*/; 

bend    [bend]  n 1. &!5&* 

      v 2. 5"40,; &!5&*#0,; (1/!61#0,; 

       "#.+#17/0, 

biological   [/baI u lod3Ik l]    *&)7)5&8-(9&' 

birefringence [bIre'frInd3ens] n :1)'")- 748-.+-7)27-"&- 

birefringent [bIre'frInd3ent]    :1)/9).+-7)27/$%&' 

bore    [bo:]   n 1. :&#2-0+ )01-+(0&/; 9#7&*+; 

      v 2. (1-+7&0,; +#(0#8&1#0, 

broaden   [ bro:dn]  v +#(;&+/0,((/) 

build-up  ['bIld"p]  n .)(0+)-"&-, "#+#(0#"&-;  

 )*+#!)1#"&-; .)16;-"&-  

 (.#+#2-0+#) 

bulky  ['b"lkI]     *)7,;)'; )*<-2&(06';  

 5+)2)!:9&' 

 

C 

calipers = callipers [ kælIp z] n 9+)"=&+947,; 9#7&*+ 

catastrophic [/kæt stræfIk]   9#0)(0+)>&8-(9&' 

cavity   [ kævItI]  n 1. 9$1-0#; .)7)(0,; 1.#:&"#; 

      2. +-!)"#0)+ 

chamber   [ t#eImb ]  n 9#2-+# 

codope  [k u'd up]  n 19+#.7-"&- 

coherence   [k u hI r ns]    n 9)5-+-"0")(0, 

collateral   [ko læt r l]    .)*)8"6'; 10)+)(0-.-""6' 

collide   [k  laId]  v 1. (0#79&1#0,(/; 

       2. 1(04.#0, 1 .+)0&1)+-8&- 

combine   [k m baIn]  v )*<-:&"/0,; 9)2*&"&+)1#0,;

       (2-;&1#0,; ()8-0#0,((/  

company   [ k"mp nI]  n )*%-(01); 9)2.#"&/ 
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compulsory [k m'p s rI]   !"#$%&#'()*$+,;  

 -./01'()*$+, 

confine  [k n'faIn]  v -2"1$#3#41'* 

congenital   [k n!d3enItl]      !"#"-5&($$+,; 4"-5&($$+, 

constrain  [k 'streIn]  v !"#$%5&1'*; 4+$%5&1'* 

criterion  [krI'terI n]  n 6"#'("#,  

cryogenic  [/kraI u'd3enIk]   6"#-2($$+,; $#06-'(7!("1- 

 '%"$+, 

cylindrical  [si!lIndrIk l]   8#)#$&"#3(96#, 
 

D 

damage   [!dæmId3]  n 1.!-4"(5&($#(; %:(".;  

 v 2. !-4"(5&1'*; $1$-9#'*  

%:(".  

dentistry   [!dentIstrI]  n )(3($#( 0%.-4 

dermatology    [/d :m !tol d3I]  n &("71'-)-2#/ 

desirable   [dI!zaI r bl]   5()1'()*$+,; !-&;-&/:#, 

desire   [dI!zaI ]  n 1. 5()1$#(; !"-9*.1;  

 v 2. 5()1'*; ;-'('* 

detour  [!dI:tu ]  n -.;-&; -6-)*$+, !%'*  

diagram  [!daI græm] n &#12"1771  

discharge   [dIs!t"#:d3] n "10"/& 

dye    [daI]   n 1. 6"19#'()*; 2. -6"1<#41'* 

 

E 

employ  [Im'ploI]  n 1. 9)%5.1; "1.-'1 

      v 2. !"#7($/'*    

engraver   [In!greIv ]  v 2"14("-41'* 

entire   [In!taI ]    !-)$+,; 9-4("<($$+,;  

establish  [Is'tæblI"]  v -9$-4+41'*; 9-0&141'*; 

 %9'1$14)#41'* 

estate  [Is'teIt]  n !-)-5($#(   

excess  [Ik'ses]  n #0.+'-6 
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experience  [Iks pI rI ns] n 1. o!"#; $%&!'()*'+#; 

v 2.)&!"#",-#.; /+-#. !0 0!"#1  

exposure   [Iks p u3 ]  n 1. %02)3'&#,0 0&,'4'+)5; 

       2. 60#0 ,"7'(8%-; 

$%&!0+)(0,-+)' 

     v 3. (-90#-#. (0 !()90(') 

eventually   [I vent! lI]  adv , %0+'3+0* &3'#'; , %0+:'  

 %0+:0,; &0 ,('*'+'*  

F 

facilitate  [f 'sIlIteIt]  v 092';3-#.; &07'<&#,0,-#.; 

     &!0&09&#,0,-#.; !(07,);-#. 

failure  ['feIlj ]  n +'70&#-#0%, 0#&1#&#,)'; 

+'17-3-;!(0,-2; 

+'9('8+0&#. 

feature   [ fI:t! ]  n 0&09'++0&#.;&,0<&#,0; 3'(#- 

fixture   [ fIkst! ]   n !()&!0&092'+)'; !()90(; 

-(*-#1(- 

fluorescence [flu  resns] n &,'3'+)'; 6210('&:'+:)5 

furnish   [ f :nI!]  v &+-98-#.; !('70&#-,25#.; 

       70&#-,25#. 

 

G 

gallium  [ gælI m]  n ;-2)< 

gauge  [geId3]  n 1.*'(-; *-&=#-9; (-/*'(; 

      v 2. )/*'(5#.; !(0,'(5#.;  

0:'+),-#. 

groove  [gru:v]  v 8'209)#.; 7'2-#. %-+-,%) 

guide   [gaId] v ,'&#); +-!(-,25#.; 9"#.   

!()3)+0< 

garnet  [g"#nIt]  n ;(-+-# 

 

H 

halogen   [ hæl d3 n] n ;-20;'+   

headset  ['hedset]  n ;020,+0< #'2'60+  
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heart    [h :t]  n  !"#$!%&'(; )#"*;  

 !"#!+'&, 

heavy  ['hevI]     -).!/01 

helium  ['hI:lj2m]   n 3!/&1 

heterostructure ['het2r2u'str!kt"2] n 3!-!"* -"4,-4"( 

homojunction [/hom2u'd5!nk"2n]  n 3*6*7!"!8*# 

 

I 

incorporate [In'ko:p2rIt]  a  *!#&'!''01;  

*9:!#&'!''01; 

       '!"(5#!/;'01 

inject   [In'd3ekt]   v %9"053&%(-;; %#4%(-;;  

%%*#&-;; %7"0 ,&%(-; 

insulator  ['InsjuleIt2]   n &5*/)-*" 

interaction  [/Int2r#æk"2n]  n %5(&6*#!1 -%&! 

interferometry  [/Int2fI2#rom2trI]  n &'-!"<!"*6!-"&) 

ion    [#aI2n]   n &*' 

 

J 

jammer  [#d3æm2]   n 7!"!#(-+&,7*6!8 

jamproof  [#d3æmpru:f]    7*6!8*5(=&=!''01 

jitter   [#d3It2]   n #"*.('&!; "(59"*  

joining  [#d3oInI>]   n  *!#&'!'&!;  *+/!'!'&! 

junction  [#d3!>k"n]   n 1. 7!"!8*#; 2.  *!#&'!'&! 

 

K 

kerf   [k2:f]    n "(5"!5; 7"*"!5; 

key   [kI:]    n ,/?+ 

kinetic  [kaI'netIk]   n ,&'!-&+! ,&1 

kit   [kIt]    n ,*67/!,-; '(9*" 

knob   [nob]    n @("; "4,*)-,(; ,'*7,( 

krypton  ['krIpton]   n ,"&7-*' 
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L 

lateral  ['læt r l]    !"#"$"%; &"'()"*+,-.*/%;  

 0"!"1*/% 

lathe    [leIð]   n +"#,'*/% 2+,*"# 

layer   ['leI ]   n 2-"%; 0-,2+; *,2-"3*(3 

lens   [lenz]  n -(*), 

liquid   [ lIkwId]  a 1. 4(5#(%; 2. 4(5#"2+. 

loiter  [ loIt ]   v 635-(+.; "+2+,$,+.  

longitudinal  [/lond3I tju:dInl] a 0'"5"-.*/% 

 

M 

measure   [ me3 ]  n 1. 63',; 0'353-; 2+303*.; 

v 2. 63'(+. 

mention   [ men!n]  n 70"6(*,*(3; 22/-#, 

mirror   [ mIr ]  n 1. )3'#,-"; 

2. )3'#,-.*,8 0"$3'9*"2+.; 

3. "+"!',43*(3  

mixture   [ mIkst! ]  n 2632.; 0'(632.  

mode  [m ud]   n 6"5,; +(0 #"-3!,*(8 

mold   [ m uld]  n 1. :"'6,; 0'322; 

v 2. 0'32"$,+. 

molecular   [m u lekjul ] a 6"-3#7-8'*/% 

 

N 

narrow   [ nær u]  n 1. 7)#,8 1,2+.; 

a  2. 7)#(%;  

neodymium [nI:ou'dImI m] n *3"5(6 

neon   [ nI: n]  n *3"* 

nerviness  [ n :vInes]  n $/2"#";-,2+(132#"3  

$"22+,*"$-3*(3 

nervy  [ n :vI]  a $/2"#";-,2+(132#( 

$"22+,*,$-($,<=(%28 
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notorious  [n u to:rI s] a 1. !"#$%&'()*+, -&./"* 

+#01"*;!230#$/" )%12+4/5*;  

"46,1#2//5*; !.2+#"1&45*; 

      2. )%12+4/5* 

notoriously  [n u to:rI slI]    adv !.2+#"1&4" 

 

O 

ophthalmology  [/of!æl mold3I] n "740#$8"#"9), 

originate   [  rId3IneIt]      v -0104$ /030#"; !".":-04$;  

+"%-0104$  

orthogonal  [o:'!og nl]  a ".4"90/0#$/5*;  

!.,8"&9"#$/5*; 

!2.!2/-);&#,./5* 

 

P 

photoablation  [f ut uæb leI" n]    n 7"4"&-0#2/)2 

photolithography [f ut ulI !ogr fI] n 7"4"#)4"9.07), 

plastic   [ plæstIk]  n 1. !#0+480++0; !#0+4)3/"+4$;  

a 2. !#0+4)32+;)* 

plethora   [ ple! r ]  n 1. !"#/";."1)2; 2. )%"<)#)2;  

       <"#$="* )%<54"; 

predict  [prI'dIkt]  v !.2-+;0%5104$ 

preferred   [prI f :d]    !.)1)#29)."10//5* 

primary   [ praIm rI]    /030#$/5* 

profound  [pr 'faund]  a 1. 9#&<";)*; "+/"1042#$/5*; 

              2. !"#/5*; 0<+"#'4/5* 

prompt   [prompt]  a <5+4.5*; 4"3/5* 

propel  [pr 'pel]  v 1. !."-1)904$ 1!2.2-;  

4"#;04$; !.)1"-)4$ 1 -1):2/)2; 

       2. -1)904$; +4)8&#)."104$;  

3. !"<&:-04$ 

proportional  [pr  po:"  nl]   !."!".>)"/0#$/5* 

proportionately [pr 'po:"nItlI] a +".0%82./"; !."!".>)"/0#$/" 

public   [ p#blIk]  a 1. "<(2+412//5*; 
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        !"#$%&"'()**+,; 

2. !-.)"'()**!"'/ 

pulse   [p ls]  n 0#1/"; -2)*2)  

 

 

Q 

Q-factor  [kju:!fækt3] n $!-&!'*!"'/ 

Q-switch  [kju:swIt"]  n 4!$#15'!& $!-&!'*!"'2  

quality  [!kwolItI]  n 6%7)"'(! 

quantity  [!kwontItI]  n 1. ()1272*%; 2. 6!127)"'(! 

quantum  [!kwont3m] n 1. 6(%*'; 8!'!*; 

a  2. 6(%*'!(+, 

quench  [!kwent"]  v '#92'/;  %"2'/ 

quivering  [!kwIv3rI:]  n  # 1!(+) 81#6'#%;22  

*%0&%(1)*25 

 

 

R 

rail   [reIl]   n &)1/"; ! &%$%; -&#"!6;  

0)&)61%$2*% 

rare-earth  [r#3'3:$%& & a &)$6!<)4)1/*+, 

relegate   [!relIgeIt]  v 1. !'"+1%'/; *%0&%(15'/;  

!'*!"2'/;  

2. 61%""282;2&!(%'/ 

resemble   [rI!zembl]  v 0!=!$2'/; 24)'/ "=!$"'(! 

resolve  [rI'zolv]  n &)9)*2); &)92')1*!"'/;  

v  &)9%'/"5 

restrict  [rIs'trIkt]  v  ! &%*272(%'/ 

revolution   [/rev3lu:" 3n] n  &)(!1>;25; 0)&)(!&!' 

ribbon  ['rIb3n]  n  1)*'%; #<6%5 0!1!"6%;  

   1)*'!7*+, 

robust   [r3u!b st]     1. 6&)062,; <$!&!(+,;  

    "21/*+,; 

2. <$&%(+,, 5"*+, 
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S 

scar    [sk :]  n  1. !"#$;  

v 2. %&'()*+', - (.;  

 !"$#)(',&+ 

shape   [!eIp]   n  /% .(; )01 

shift   [!Ift]   n  02.#3#30#; 4# #.#5#30#; &1)06 

shrink [!rInk]  v &%7 (5(',&+; !&89(',;  

     %'&'!4(', 

simplify  ["sImplIfaI]  v  !4 %5(', 

solvent   ["solv:nt]  n 1.  (&')% 0'#*,; 

      a 2.  (&')% +;50< 

span    [spæn]  n  1. 4# 0%1 ) #.#30; 10(4%2%3; 

      a 2. 02.# +',; %9)('8)(',  

spatial   ["speI!:l]     4 %&' (3&')#338< 

species   ["spI:!I:z]  n   (23%)013%&',; )01 

sprout   [spraut]  n  %' %&'%7; v%' (50)(', 

subsequent [s#sIkw:nt]    4%&*#1!;50< 

surgical   ["s:$d3Ik:l]     90 ! 60=#&70<  

symmetrical  [sI"metrIk:l]    &0..#' 0=38<  

 

T 

temperature  ["temprIt!:]      n  '#.4# ('! ( 

terminal  ["t::mInl]  a  1. 2(7*;=0'#*,38<; 7%3#=38<; 

    2. 4# 0%10=#&70<  

threshold  ["%re!h:uld] n  4% %6; 3(=(*%  

tissue   ["tI!u:]  n '7(3, 

transfer  ['trænsf:]  n  4# #.#5#30#; 4# #1(=( 

transverse   ["trænzv:$s] a 4%4# #=38< 

treatment    ['trI:tm:nt]  n  %" ("%'7(; *#=#30#; !9%1 

tunable   ["tju:n:bl]      6( .%30=38< 

typical   ["tIpIk:l]     1.'040=38<; 

2. &0.)%*0=#&70< 
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U 

uniquely  [ju: nIklI]  adv  !"#$%&!'  

utilize  ['ju:tIlaIz]  v "()'%&*'+$,& 

 

V 

vapour   [ veIp-]  n  1. )$.; "()$./!"0; 

      v 2. "()$.0,&(0 

vein    [veIn]   n  ).'1"%#$; #.'+/!'(!23 ('( 4 

via    [ vaI-]  prep 5/./* 

vibrational  [vaI'breI!nl] a  +"6.$7"'!!23 

vibronic   [vaI bronIk]         +"6.'!"#'+23 

violet   [ vaI-lIt]     8"'%/,'+23 

vital    [ vaIt-l]      1"*!/!!' +$1!23 

vivid   ['vIvId]     0.#"3; 0(!23 

 

W 

wart    [wo:t]  n !$.'(, 

waveguide  ['weIvgaId] n +'%!'+'4 

worth   [w-:"]  n  7/!$; 4'(,'"!(,+' 

 

X 

xenon  ['zenon]  n  #(/!'! 

xerography [zI'nogr-fI]  n  #(/.'9.$8"0; 

    :%/#,.'8','9.$8"0 

X-irradiated ['eksI/reIdI'eI!-n] a  '6% 5/!!23 ./!,9/!'+(#";" 

    % 5$;" 

X-rays   ['eks'reI]  n  ./!,9/!'+(#'/ "*% 5/!"/ 

 

Y 

yawn   [jo:n]  n  *$*'.; ).'(+/, 

yield   [jI:ld]  n  1. ,/# 5/(,&; +2<'4; ',4$5$;  

    ).'"*+'4",/%&!'(,&;  

v  2. ,/5&; )/./<'4",& +  

('(,'0!"/ ,/# 5/(," 
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yieldability [jI:ld 'bIlItI] n 1. !"#$%&'()$%*; $!)$)+()$%*  

             ,#-#%* )$%#%)'(./  

,/0)12#3&& +/4 1#4156/(&7;  

    2. (#"&'&/ (&48)9) !1/,/"#   

          %/85'/$%&;  

v  3. c:&2#/2)$%* ( !"#$!#"%- 

"&'())*+ ,% -." )*+  % !./) 

yield-weighted [jI:ldweItId] a  -4-/6/((.; !) -.<),5 

yoke   [j uk]  n  1. 4#:&2; <)25%;  

    2. )%8")(7=>#7 $&$%/2#  

Y-shaped  [waI' eIpt]  a Y-)+1#4(.; 

yttrium  ['ItrI m]  n &%%1&; 

 

Z 

zone   [z un]  n  4)(#, )+"#$%* 
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