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Chapter I
Maser-Laser History

Unit 1

Masers
WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns
amplifier, characteristic, concept, frequency, microwave, molecule, process,
radar, spectroscopy, technique, width.
Adjectives
molecular, operable, quantitative, relevant.

Exercise 2. Read the given collocations and find their Russian equivalents:

a) to make use of microwave amplifier, to study molecular structure of a material, to
make the process more easy, to determine quantitative characteristics, to construct an
operable laser, to select the relevant optical frequency, to determine a distance by
means of a radar, to propose a new concept, to use molecular beams in microwave
spectroscopy;

b) BBIOpaTh HYXHYI0 ONTHYECKYID YacTOTy, OINPEACTUTh KOJIHMUYECTBEHHBIC
XapaKTEepPUCTUKH, HCIOJIb30BaTh MOJEKYJSPHBIA My4OK B  MHKPOBOJHOBOM
CHEKTPOCKONMUHU, CO3JaTh TOTOBBIM K  paboTe Jaszep, BOCIOIb30BATHCA
MUKpPOBOJIHOBBIMU ~ YCWJIMTENIAMH, TNPEJIOKUTh HOBYIO KOHUENIHUI0, H3ydaTh
MOJIEKYJISIPHYIO CTPYKTYpY Marepuaia, cAejaaTh Ipouecc 0osee JerkuM, OIpeIenuTh
PacCTOSIHUE C IIOMOIIBIO pasapa.

Exercise 3. Make nouns from the following verbs according to the model and
translate them.

1. Model: verb + -tion (-ation): generate — generation;

invent, construct, applicate, calculate, operate, produce, explore, continue, stimulate,
radiate.

2. Model: verb +(-ion) -sion (-ssion): emit — emission;
extend, convert, process, invert, expand, discuss, transmit, progress.



UNDERSTANDING A PRINTED TEXT

List of Terms:

amplifier — ycunurenb

radiation — u3IyueHue, paauanus

stimulated emission of radiation — BEIHYXJIEHHOE M3 Iy4YCHHUE paIUAIIIU (IMUCCHS)
wavelength — nMHa BOJTHBI

beam — my4ok (y4eit)

line-width — mmpuHa nuHUM (CTIEKTpa)

cavity — pe3oHaTop

high resolution — BeicOKO€ pa3pernieHue (pa3peniaronias CilocoOOHOCTD)
stable oscillator — crabmIbHBIN (YCTOWYUBEII) TeHepaTop

radar receiver — pagnookaTop (paauoIOKaIMOHHbIN MPUEMHUK )
optical frequency range — onTUYECKUil YaCTOTHBIN AHANa30H

Reading for discussion

The devices known as masers and lasers serve as amplifiers and generators of
radiation. Their common characteristic is that they make use of the conversion of
atomic or molecular energy to electromagnetic radiation by means of the process
known as stimulated emission of radiation. When the wavelength of the emitted
radiation is in the vicinity of 1 cm we speak of microwave amplifiers or masers.
Instruments which generate or amplify visible or nearly visible radiation are called
optical masers or lasers.

The history of the invention or the evolution of these devices may be divided
into the following periods.

The relevant phase of the premaser period started with the discovery of the
existence of the stimulated emission process and ended with the recognition by many
physicists of the possibility that this process might lead to a radiation amplifier. This
period extends from 1916 to 1953. In 1917, it was Albert Einstein®* who was the first
to recognize the existence of stimulated emission, but not until the 1950s when the
first device was demonstrated.

The maser period begins with the publication of an article by Basov and
Prokhorov and the construction of the first operating maser by Townes, Gordon,
Zeiger. Basov and Prokhorov gave a detailed theoretical exploration of the use of
molecular beams in microwave spectroscopy. The article of Basov and Prokhorov
contained detailed calculations pertaining to the role of the relevant physical
parameters, the effects of line-width, cavity dimensions, and the like. Thus the
quantitative conditions for the operation of a microwave amplifier and generator were
found.

In 1954 at Columbia University Charles Townes and two of his students
announced the construction and operation of a device that may be used as a high-
resolution microwave spectrometer, a microwave amplifier, or a very stable



oscillator. They named the device a “maser” — an acronym for microwave
amplification by stimulated emission of radiation.

From 1958 on, many masers were constructed for applications in radio
astronomy and as components of radar receivers. These masers were mostly of the
ruby type. Their design became a part of the engineering art and research interest
turned toward the extension of stimulated emission techniques in the visible and
infrared regions.

Arthur Schawlow of Bell Laboratories and Townes proposed extending the
maser concept to the optical frequency range in 1958. Born in Greenville, South
Carolina, Townes joined the technical staff of Bell Telephone Laboratories Inc. and
worked on radar bombing systems during World War II. In 1948 he joined the faculty
of Columbia University and three years later had the idea that resulted in the
construction of the maser. From 1959 to 1961 Townes served as a vice president and
a director of research of the Institute for Defense Analysis in Washington, D.C*. He
then was appointed the professor of physics at Massachusetts Institute of Technology
(MIT)*.

The maser period extends from 1954 to 1960.

References

*To know more about great scientists read attentively APPENDIX III.
*D.C. - District of Columbia
*MIT - Massachussetts Institute of Technology

COMPREHENSION CHECK

Exercise 1. Answer the following questions.

1. How do masers and lasers serve?

2. What are the main periods in the history of the invention and evolution of these
devices?

3. What is called stimulated emission of radiation?

4. For how long was the extension of maser period?

Exercise 2. Choose the correct word (words) to complete the sentences.
1.When the wavelength of the emitted radiation is in the vicinity of 1 cm we speak of
microwave amplifiers or....

a) lasers

B) masers

c¢) semiconductors

2. This... extends from1916 to 1953

a) period

B) length

¢) invention

3....gave a detailed theoretical exploration of the use of molecular beams in
microwave spectroscopy.



a)Towns and Gordon

B) Basov and Prokhorov

¢) Gordon and Zeiger

4. Measures applied in radio astronomy were mostly of the... type.
a) alexandrite

B) pink and ruby

c) ruby

Exercise 3. Topics for discussion.

1. What have you learnt about the history and application of a maser?
2. Name scientists taking part in the creation of a maser.

INCREASE YOUR VOCABULARY

Exercise 1. Match the antonyms.

1 2

1) detailed a) practical

2) theoretical b) relevant

3) common ¢) particular

4) stable d) interrupted, broken
e) applied
f) brief

LANGUAGE ACTIVITY

Exercise 1. Give the plural form of the following nouns.
Device, discovery, process, possibility, datum, amplifier, component, parameter,
dimension, beam, receiver, frequency, phenomenon, calculation, cavity.

Exercise 2. State the part of speech of the following words and determine their
meaning without using a dictionary.

1. Character, characteristic, characterize.

Frequently, frequent, frequency.

Amplify, amplifier, amplification.

Consider, considerable, considerably, consideration.

Emission, emit, emitter.

Radiator, radiate, radiation, radiative.

Sk w



Exercise 3. Translate the following word combinations.

Various scientific problems, extremely high power, atomic structures, entirely new
source, the same wavelength, cavity dimensions, high-frequency radio-like signal,
radar receivers, stimulated emission techniques.

Exercise 4. Fill in the blanks with suitable articles if necessary.

1.Significant stage in...study of masers became 1963.

2....next year brought ...discovery of stellar water masers.

3.Albert Einstein became... United States citizen in 1940.

4.Competition for customers is...strong factor motivating communication networks
to convert their systems over to fiber optics.

5. ...most common devices used as ...light sources in optical transmitters are...light
emitting diode and ...laser diode.

Exercise 5. Read the following figures, dates, numerals, etc.
a) 35; 700; 268; 40931; 1175;

b) 1954; 1961; ¢ 1954 no 1960; 1812; 2005;

c) 1/4; 3/7; 2,58; 0,005; 37; 57'°;

d) 90%; 1 cm; 140 xm/g; 25°C.

Exercise 6. Choose the correct pronoun.

1(.Their/Its) common characteristic is that( they/them )make use of the conversion of
atomic energy.

2.In 1917( it/what) was Albert Einstein (who/he) was the first to recognize the
existence of stimulated emission.

3. The maser period begins with the publication of an article by( them/their).

4. (These/This) masers were mostly of ruby type.

Exercise 7. Insert some or any as required.

1.I’m afraid there isn’t ...one here who can help me.

2.I’ m sorry but I can’t stay here ...more.

3.Can I have... water, please?

4.There are ...books on the table but I can’t see ... dictionaries.



Unit 2

Lasers
WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns

acronym, helium, light, mixture, neodymium, neon, ruby, technology, variety.
Verbs

convert, patent, require.
Adjectives

dynamic, notable, simultaneous.

Exercise 2. Read and translate the following international words and explain them.
Fundamental, radiation, recombination, emission, intensity, technology,
experimentation, monochromatic.

Exercise 3.
b) Make adjectives from the following verbs according to the model.
Model: verb + -able: compare — comparable;
operate, change, solve, reason, vary, convert, note, use, extend, control, recognize.

b) And now make negative forms of these adjectives and translate them.
Model: un- + adjective: comfortable — uncomfortable.

Exercise 4. Match the equivalents of the given collocations:

a) conventional light sources, gas-dynamic laser, worldwide recognition, light
emitting material, free electron laser, molecular systems, semiconductor laser, narrow
spectral regions, quantum electronics, monochromatic radiation;

b) cBeromsmyuarmuii MaTepHall, MOJEKYJISIPHBIC CHUCTEMBI, Ta30IMHAMUYCCKHM
Ja3ep, jJa3ep Ha CBOOOJHBIX AJIEKTPOHAX, IMOJYMPOBOJHUKOBBIA JIa3ep, MUPOBOE
NpU3HAHUE, MOHOXPOMATHYECKOE W3JIyUYCeHHE, Yy3KUE CIEeKTpaldbHble 00JacTh
(u3nydenusi), OObIYHBIE  (OOLIETIPUHATHIC) UCTOYHUKU  CBETa, KBaHTOBas
AJNIEKTPOHUKA.

UNDERSTANDING A PRINTED TEXT

List of Terms:

operable laser — neficTByromuii nazep

pink ruby medium — 51a3epHasi akTUBHAs Cpejia Ha pO30BOM pyOrHE

continuously operating laser — nazep, reHepUpyOLIUN N3TyYEHHE B HENPEPHIBHOM
pexXuMe



neodymium-doped glass laser — nazep Ha crexie ¢ Heogumom (Nd)
semiconductor — MoJIynpoBOIHUK

semiconductor junction laser — AMOIHBIN MOTYTPOBOIHUKOBBIN J1a3ep
population inversion — HHBEpPCHS HACEICHHOCTH

free electron laser — nazep Ha cBOOOAHBIX 3JIEKTPOHAX

light source — UCTOYHUK CBETa

narrow spectral region — y3kuii ClIeKTpaJIbHBIN JHana3oH

Comprehension reading

The laser period opens with the achievement of the ruby laser. The acronym
L.a.s.e.r. stands for light amplification by stimulated emission of radiation.

Physicist Theodore Harold Maiman invented the first operable laser. While
employed at Hughes Research Laboratories as a section head in 1960, he developed,
demonstrated, and patented a laser using a pink ruby medium, for which he gained
worldwide recognition. Born in Los Angeles, California, Maiman, in his teens earned
college money by repairing electrical appliances and radios. He attended the
University of Colorado and received a B.S.* in engineering physics in 1949, then
went on to do graduate work at Stanford University, where he received an M.S.* in
electrical engineering in 1951 and a Ph.D.* in physics in 1955. In 1962 Maiman
founded his own company, Korad Corporation, devoted to the research, development,
and manufacture of lasers.

Early in 1961 the first continuously operating laser was announced by Ali
Javan and coworkers at Bell Laboratories. This laser was the first to use a gas, a
mixture of helium and neon, for the light emitting material. At the same years
scientists from American Optical Company made the first neodymium-doped glass
laser. In 1962 scientists at General Electric and International Business Machines
(IBM) almost simultaneously demonstrated the first semiconductor junction laser.

In 1962 Basov and Oraevskii proposed that rapid cooling could produce
population inversions in molecular systems. And in 1966, the first gas-dynamic laser
was successfully operated at the Avco Everett Research Lab.

Many new laser types were discovered, most notable among these are the
semiconductor lasers. In these lasers electrical energy is converted directly into
highly monochromatic radiation.

The 1970s years became the time of discovery of a free electron laser.

Laser applications have also increased in variety. Clearly, most optical
experiments can be done at least as well with lasers as with conventional light
sources and many can be done much better. Experiments requiring really high
intensities in narrow spectral regions can only be made with lasers. Outside the field
of scientific experimentation many applications were found in medicine,
communications, geophysical and space exploration, military and metals technology.
The potential importance of these applications continues to stimulate new
developments in the laser field.

The 1964 Nobel Prize in physics was awarded to Charles Townes and to the
Russian scientists Nikolai Basov and Alexander Prokhorov for fundamental work in
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the field of quantum electronics, which has led to the construction of oscillators and

amplifiers based on the maser-laser principle.

References

*B.S. (B. Sc.) — Bachelor of Science; the first university undergraduate degree
*M.S. (M. Sc.) — Master of Science; the first university graduate degree
*Ph.D. — Doctor of Philosophy; a high rank university degree granted for some

research

*in his teens — when he was between 13 and 19 years old

COMPREHENSION CHECK

Exercise 1. Look at these two similar sentences. Which one is true?

1) Laser applications have also
increased in variety.

2) In 1962 Basov and Oraevskii
proposed that rapid cooling could
produce population inversion in
molecular systems.

3) Early in 1961 the first
semiconductor laser was developed by
Ali Javan and co-workers at Bell
Laboratories.

Exercise 2. Complete the sentences.

1) Laser applications have not
increased in variety for a long time.

2) In 1962 Basov and Prokhorov
proposed that rapid cooling could
produce population inversion in
molecular systems.

3) Early in 1961 the first continuously
operating laser was announced by Ali
Javan at Bell Laboratories.

1. Physisist Theodore Harold Maiman invented the first... laser.

a) continuously operating
B) operable
c¢) gas-dynamic

2. Most notable among new discovered laser types were....

a) gas lasers
B) chemical lasers
c¢) semiconductor lasers

3. In 1962 the scientists at General Electric and IBM almost simultaneously

demonstrated. ...

a) the free electron laser

B) the homojunction laser

c¢) the semiconductor junction laser



Exercise 3. Topics for discussion.
1. What do you know about the development of lasers and their fields of application?
2. Could you make your suppositions about future applications of lasers?

INCREASE YOUR VOCABULARY

Exercise 1. Match English and Russian terms.

1 2
1) population inversion a) J1a3zep Ha CBOOOTHBIX AIEKTPOHAX
2) operable laser b) nHBEpCHUS HACETEHHOCTH
3) research laboratory C) MOJYNPOBOJAHUK
4) free electron laser d) nelicTByrouui gazep
¢) Hay4Has jaboparopus

LANGUAGE ACTIVITY

Exercise 1. State the part of speech of the following words and determine their
meaning without using a dictionary.

Recognition, demonstrate, mixture, molecular, continuously, exploration, spectral,
amplifier, inversion, conventional, technology, successfully, conductor, importance,
development.

Exercise 2. Find in the text of Unit 2 adjectives and adverbs (not mentioned in the
previous exercise) and write down their degrees of comparison.

Exercise 3. Give the three forms of the following verbs.
Operate, lead, convert, do, amplify, emit, find, found, get, become, increase, employ,
make, award.

Exercise 4. Fill in the blanks somebody/one/thing/where or
anybody/one/thing/where

I.I can’t see....2.Will you give me... I want for Christmas? 3.That’s easy...can do it!
4 She doesn’t agree with ...you say.5. I am sure that he must be ...in the house.6.He
told me ...was coming to see me.7.I’ll do ...you want me to. 8.I’m sure we are alone.
Let’s see! Is ...there?

Exercise 5. Put the words given below into the comparative and superlative
degrees:

a) intense, pure, light, sufficient, simple, hard, high, relevant, real, easy, good, bright,
bad;

b) exactly, sufficiently, highly, quickly, well, badly, often.

12



Exercise 6. Translate into Russian, paying attention to the degrees of comparison
of adjectives.

1. This is known as the hardest and the most heat-resisting material.

2. Neodymium lasers are the most popular type of solid-state lasers.

3. The earlier invention of Alexander Bell, the telephone, proved to be more practical
than the appearance of photophone.

4. Ruby lasers are now less widely used.

5. Manchester is smaller/more smaller than London.

6. This is the most wonderful and beautiful/the more wonderful and beautiful picture
that has ever come out the Hollywood Trade restrictions may take jabbering.

7. The country is little/less competitive on the international market.

13



Unit 3

Fundamental Principles

WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns
phenomenon, temperature, source, color, influence, avalanche, component.
Verbs
derive, excite, burn, trigger, evaporate, augment, multiply.
Adjectives
intense, pure, fundamental, light, sufficient, coherent, incandescent, equal,
tremendous, identical.

Exercise 2. Read the given collocations and find their Russian equivalents:

L.

a) high energy level, ordinary light source, stimulated emission, unstable atoms, heat-
resistant material, energy state, wholly coherent light, incandescent lamp, resulting
beam, powerful energy, electromagnetic avalanche;

b) components are in step with each other, to excite molecules, to reach high
temperature;

IL.

a) JIamIa HaKaJMBaHUsl, HECTAOMIIbHBIE ATOMBI, PHEPTETUUECKOE COCTOSIHUE, BHICOKHI
HSHEPreTUYECKU YpPOBEHb, MOIIHAS DHEPrus, TYTOIUIABKUWA Marepuai, OOBIYHBIHI
UCTOYHHUK CBETA, AJIEKTPOMArHUTHAs JIaBUHA, BHIHYKJICHHOE U3ITy4YEeHUE, TTOJHOCTHIO
KOT€PEHTHBIN CBET, MOJYyUYEHHBIN My4YOK CBETA;

b) BO30yXnaTh (HaKa4MBaTh MOJICKYJIbI), JOCTUTaTh BBICOKOW TeMIIepaTyphl,
KOMITOHEHTBI COBITQIAIOT 110 (hase.

Exercise 3.

Make adverbs from the following adjectives according to the model and translate
them.

Model: adjective + -ly;

usual, sufficient, tremendous, simple, exact, high, fundamental, independent,
simultaneous, direct, real, whole.

UNDERSTANDING A PRINTED TEXT

List of Terms:

single color — oqHOIIBETHBIM
evaporate — ucrnaparhb(csi), BbIHapuBaTh(Csl)
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heat-resistant material — TyrormiaBkuii MmaTepuan
coherent light — korepeHTHBIIT cBET

resulting beam — nosy4eHHbIN My4OK cBETa
electromagnetic avalanche — anexkTpoMarHuTHas JaBUHA
incandescent lamp — namma HakaqauBaHUs

Reading for precise information

1. Any of a class of devices that produces an intense beam of light of a very
pure single colour is called laser. This light beam may be intense enough to evaporate
the hardest and the most heat-resistant material. Such light amplification by
stimulated emission of radiation explains laser’s fundamental principles.

2. Atom and molecules exist at low and high energy levels. Those at low levels
can be excited to higher levels, usually by heat. After reaching the higher levels, they
give off light when they return to a lower level. In ordinary light sources many
excited atoms or molecules emit light independently and in many different colors
(according to wavelengths). If, however, during the brief instant when an atom is
excited, light of a certain wavelength influences it, the atom can be stimulated to emit
radiation that is in phase (in step) with the wave that stimulated it. The new emission
thus augments or amplifies the passing wave; if the phenomenon can be multiplied
sufficiently, the resulting beam, made up of wholly coherent light (i.e., light of a
single frequency or colour in which all the components are in step with each other)
will be tremendously powerful.

3. Masers and lasers operate due to the way atoms within them absorb and
release energy. Atoms can’t take any amount of energy, they hold it only in fixed
amount. So they absorb and emit only radio waves or light whose energy is exactly
equal to the difference between any two of these fixed energy states.

4. By handling the atoms in just the right way, it is possible to “pump” the
same amount of energy into a large number of them at once. But these “excited”
atoms are highly unstable. When light of just the right energy passes through the
excited gas, each photon can force an atom to give up its energy in the form of an
identical photon. The two photons trigger other atoms, and an electromagnetic
avalanche is under way. The resulting light can be millions of times brighter than an
incandescent lamp burning at the same temperature.

5. The most essential property of the maser is that it can be an extremely low-
noise device both as an amplifier and as an oscillator. It is therefore capable of
amplifying signals at extremely low levels, and when used as an oscillator, it is
capable of generating monochromatic radiation of extreme frequency stability.

6. When certain molecules are excited by electromagnetic radiations, they
change energy levels. When they drop back to their previous levels, they give up
energy. This is the basis for masers, lasers.

15



COMPREHENSION CHECK

Exercise 1. Paragraph Study.

Paragraph 1.
1. Identify the sentence which serves as an introduction to the text below.
2. Give a Russian equivalent of “the hardest and the most heat-resistant material”.

Paragraph 2.

1. State the subject of the paragraph.

2. What energy levels do exist?

3. Find words or word combinations to Russian equivalents: pas3nuuHble IIBETa,
JUIMHA BOJHBI, BJIHATh, YCWIHBAaTh, JOCTAaTOYHO, YacTOTa, COCTABJISIFOIINE
(KOMITOHEHTHI ), MOIIIHBIH.

Paragraph 3.
1. State the main idea of the paragraph.
2. What is the principle of maser-laser operation?

Paragraph 4.
Identify the topic sentence and state which of the ideas of paragraph 3 is developed in
this paragraph.

Paragraph 5.
1. State the subject of the paragraph.
2. Give Russian equivalents to: “low-noise device”, “extremely low levels”,

99 ¢

“monochromatic radiation”, “extreme frequency stability”.

Paragraph 6.
State the main idea of the paragraph.

Exercise 2. Join suitable parts.

1. Atom and molecules... a) hold it only in fixed amount.
2. This light beam may... b) exist at low and high energy
3. Atoms can’t take any amount of levels.
energy, they... c) these fixed energy states.
4. These “’exited’’ atoms ... d) are highly unstable.

e) be intense enough to evaporate
the most heat-resistant material.
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INCREASE YOUR VOCABULARY

Exercise 1. Match the synonyms.

Verbs
1 2
1) influence a) increase
2) amplify b) excite
3) stimulate c) give up
4) drop back d) affect
e) retreat
Adjectives
1 2
1) tremendous a) basic
2) independent b) huge
3) capable c) extreme
4) essential d) autonomous
e) able, skilful

LANGUAGE ACTIVITY

Exercise 1. Translate the following sentences:

a)

b)

1. The studies of the radio waves from some stars in galaxy resulted in the
discovery of the stellar water maser. 2. Some natural bodies give off light in a
dark room. 3. The success with the development of masers and lasers resulted in
new discoveries in the physics of atom. 4. The scientists of the Institute of
Physics were working at the concept of information transmission by means of
laser beams. 5. In many laboratories scientists turned to other promising laser
uses.

1. The problem the scientists are working on is connected with a new source of
radiation. 2. The laboratory they are working in is large. 3. The results you are
speaking about were obtained in our laboratory. 4. The elements water consists of
are hydrogen and oxygen. 5. In electron tubes the secondary electrons may be
attracted back to the electrode they come from.

Exercise 2. From the sentences given below form interrogative sentences; for doing
that:

a) put general question to each sentence;

b) put special questions to underlined words.

1. Lasers are successfully used in technology.

17



2. The new electronic device has many applications in space communications.

3. In the XX century chemists discovered new elements.

4. As the equipment was repaired we could continue our work.

5. The quantum theory became the basis for the development of lasers and masers.
6. Two laser beams were acting simultaneously.

Exercise 3. Confirm the expression using Tag Questions.

1. We use electricity to produce heat, ... ?

2. This student made a report at the conference, ... ?

3. The scientists were astonished to discover masers in the galaxy space, ... ?
4. You were not ready to continue this work, ... ?

5. Many laser physicists have been awarded Nobel Prize, ... ?

6. The experimentalists couldn’t obtain wholly coherent beams of light, ... ?

Exercise 4. Put the verbs of the sentences into negative form.

. Quantum electronics includes a group of new devices.

. We could make use of this new method.

. Optical electronics has opened the way to further inventions.

. We have possibility to study the works of our colleagues.

. Thompson helped to develop a new research laboratory at Cambridge.

. Light wave technology may be used in communication.

. Atoms travelling through precisely controlled laser beam lose speed and energy.
. The group of researchers demonstrates their optical quantum generator.

0N DNk~ W —

Exercise 5. In the texts about lasers you have come across such adverbs as

“considerably”, “frequently”, “continuously” etc. Let’s recollect what an adverb

IS.

These are words which inform us about:

1) how something is done (quickly, slowly, carefully, on foot, by bus, etc.). These
are adverbs and adverbial phrases of manner;

2) where something is done (there, at home, in England, on Web, at work, etc.).
These are adverbs and adverbial phrases of place;

3) when something is done (yesterday, today, next week, at 5 o’clock, etc.). These
are adverbs and adverbial phrases of time.

Now, you should remember the order of these words in a sentence: it is “manner-

place-time”.

Example: Our students made this experiment successfully last week.

However this order changes as soon as we meet “movement verbs”. Then the order

1s: “place-manner-time”.

Example: We went to the Computing laboratory quickly after classes.

Exercise 6. Read and give Russian equivalents to the adverbs with two forms and
differences in meaning.

deep = a long way down full = exactly, very late = not early wide = fully; off target
deeply = greatly fully = completely lately = recently widely =to a large extent
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direct = by the shortest route hard = intently: with effort  near = close wrong = incorrectly

directly = immediately hardly = scarcely nearly = almost wrongly = incorrectly; unjustly
easy = gently and slowly high = at/to a high level short = suddenly; off target

easily = without difficulty highly = very much shortly = soon

free = without cost last = after all others sure = certainly

freely = willingly lastly = finally surely = without doubt

Exercise 7. Fill in: hard, hardly, hardly ever / anyone / anything.

All that day, I'd been thinking 1) ...hard... to myself about whether or not to go to
Jane's party. 1 2) ................ go to parties, but this time I thought I'd make an effort. I
worked 3) ............... all day so that I could leave early and get ready. When I got
home, I looked for something nice to wear, and eventually decided on the red dress
that I had 4) ............... worn and §) ............... had seen me in before. Unfortunately, I
got caught in the rain and when I eventually arrived there was 6) ............... left, just a
couple of Jane's friends. I had 7) .............. talked to them before so making
conversation was very 8) .............. . As I had eaten 9) ............... all day, I spent the
rest of the party in the kitchen alone!

Exercise 8. Underline the correct item, then explain the difference in meaning.

1. The soldier near / nearly died as a result of being hit full / fully in the chest by a
bullet, which penetrated deep / deeply inside him.

2. Simon told everyone he would pass the exam easy / easily, so he was deep /
deeply embarrassed when he came last / lastly in the class, with 20%.

3. “I sure / surely am happy to meet you,” said the reporter to the high / highly
respected singer.”

4. When he was almost full / fully recovered from his illness the doctor told him to
take it easy / easily and said that he would be able to return to work short /
shortly.

5. As he was found near / nearly the scene of the murder with a knife in his hand, it

is hard/ hardly surprising that he was wrong / wrongly accused.

Sure / Surely you can't have answered every question wrong / wrongly.

7. Rob was a very poor archer. His first arrow fell short / shortly of the target, his
second flew about 10 metres wide / widely and the third flew high / highly into
the air and landed behind him.

8. Although he arrived an hour late / lately, he started work direct / directly and
tried hard / hardly to make up for lost time.

9. Lately / Late she has been getting all her clothes freely / free from the fashion
company, so I can't understand why she doesn't dress more prettily / pretty.

10. It 1s wide / widely believed that there is a bus that goes direct / directly from
here to the airport, but it's not true.

11. Last / Lastly, I would like to say that I would free / freely give my life for the
cause of world peace.

N
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Exercise 9. Using the rule of the word order arrange the given group of words to
make a right (correct) English sentence.

1. To, new, began, we, develop, devices.

2. Application, light, in, the, has, century, last, found, new, the.

3. Physicist, theory, the, famous, formulated, quantum, Plank, the.

4. Physical, students, year, not, last, optics, did, study.

5. The basis, lasers, quantum, is, for, the, of, theory, masers, development, the, and.

6. New, the week, carefully, examine, the, apparatus, experts, this, all, laboratory,
our, in.

IMPROVE YOUR TRANSLATION PRACTICE

Exercise 10. Translate the text using the words given below.
1) super high frequency range

2) stimulated emission

3) on the other hand

4) may be considered

5) high frequency electromagnetic energy

6) as arule

7) for a short period of time

8) branch

[TosiBnenne nazepoB OBUIO PE3yNHTATOM PaldOT MO CO3JAAHUI0 TE€HEPaTOPOB
CBY-gnanazona (1) (maszepoB). OOBIUHO Jla3ep OMNPEACNSAIOT Kak TE€HEepaTop
AJEKTPOMArHUTHOTO  M3Jy4eHUsI ONTUYECKOTO JIhana3oHa, OCHOBAHHBIM Ha
WCIIOJB30BaHUU BBIHYKJIEHHOTO u3nydeHus (2). C apyroil ctopoHsl (3) KBaHTOBBIN
reHepaTop (1azep) MOXKET paccMaTpuBaThes (4) Kak TEXHUYECKOE YCTPOMCTBO ISt
npeoOpa3oBaHus PHEPTUM B AJIEKTPOMAarHUTHYIO SHEPTHIO BBICOKOM 4acTOThI (5) (Kak
npaBuiio (6), BuanMoi uinu uHdpaxkpacHoit). M3o0pereHue ga3epoB SBISIETCS OJHUM
u3 HanboJsiee BBIAAIOMIMXCS JOCTHKEHUN HAyKU U TeXHUKU XX Beka. [lepBrlit azep
nosiuiicsa B 1960-om rogy. C Tex nop npoUCXOJUT HHTEHCUBHOE Pa3BUTHUE JIA3€PHOU
TexHUKU. B xopoTkoe Bpems (7) ObulM CcO3[aHbl Pa3HOOOpA3HBIE THUIIBI JIA3EPOB U
Ja3€pHBIX YCTPOMCTB JIA PEIICHUS KOHKPETHBIX HAYYHBIX M TEXHUYECKHX 3a/1ad.
JlazepHasi TEXHHMKA CpPAaBHUTEIBHO MOJIO/A, OJIHAKO, Ja3epbl YyXKe IMIHUPOKO
OPUMEHSIOTCS BO  MHOTMX oTpacisix (8) HapoAgHOro XO3siicTBa U B
POMBIIIJIEHHOCTH.
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Unit 4
WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns
hydrogen, nebula, colleague, evidence, diameter, fuel, oxygen, galaxy.
Verbs
dub, vibrate, function, collapse, identify.
Adjectives
variable, giant, wrong, nuclear, circumstellar, bright, primary.

Exercise 2. Translate the following international words.

Recombination (n), photon (n), phonon (n), radiation (n), spectral (a), emission (n),
discrete (a), vibration (n), monochromaticity (n), material (n), lens (n), optical (a),
economical (a), diode (n), communication (n), position (n), object (n).

Exercise 3. Match the Russian equivalents to the given collocations:

a) significant stage of the lasers development; to emit the brightest radiation; the
nebula in the nearest region of the galaxy; infrared light; interstellar gas masers; to
use a nuclear fuel; to study oxygen and hydrogen molecules;

b) 3HaMeHATeNbHBIN 3Tall B Pa3BUTUU JIA3€POB; MCIOJIH30BATH SJIEPHOE TOIUIMBO;
uH(ppakpacHOe H3ITy4YeHUE; TYMAHHOCTb B OJIDKaWIlieM pPETHOHE TaJaKTUKH;
KOCMUYECKHE Ta30BbIE Ma3ephl; U3JIy4aTh CaMyl0 SIPKYH pPaJualuio; HU3y4aTb
MOJIEKYJIBI KUCIOPOa U BOAOPOAA.

UNDERSTANDING A PRINTED TEXT

List of Terms:

hydroxide (OH) — okuck Bogopoaa

Universe molecules — mosiekyibl BeenenHnoi

Orion Nebula — Tymannocts OprioHa

line intensity — HMHTEHCUBHOCTb CIIEKTPaTbHOMN JIMHUU
interstellar OH maser — kocMu4eckuii Ma3ep Ha OKHCH BOJOpOa
nuclear fuel — ssgeproe TommBo

oxygen —KUCJIOPO/]I

hydrogen — Bogopon

hydroxyl - ruapokcunbHBIN

circumstellar shell — okono03Be3qHas 060TOUKa

molecular energy level — sHepreTueckuil ypoBeHb MOJIEKYJI
silicon monoxide — OKUCh KpeMHUS
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Reading and entitling the text

1. Significant stage in the study of masers became 1963 when Harold Weaver
and his radio astronomers at Berkeley were studying the radio waves emitted by
hydroxide (OH)* groups in the Orion Nebula, the nearest region in the galaxy where
stars are still being formed. Hydroxide emits some of the brightest radiation of all
Universe molecules.

2. Weaver and his colleagues were astonished to find that one part of the
nebula showed an unusual emission spectrum. Its line intensities were all wrong, and
one was so strong that Weaver suspected it of belonging to a different molecule. They
dubbed it Mysterium*.

3. Before long, however, the evidence was clear: Mysterium was simply OH.
But the OH had formed a natural maser. The molecules were being pumped by
infrared light from nearby gas clouds that were collapsing to form stars. Since then,
hundreds of interstellar OH masers have been discovered.

4. In 1968 radio astronomers at MIT discovered a second type of OH maser,
invariable red giant stars. With diameters several hundred times that of the sun, these
stars have burned their primary nuclear fuels and are gradually dying. As they
tremble and vibrate, they eject gas that forms a shell around the star. When this cools
to a few hundred degrees Kelvin, it forms molecules that can function as masers.

5. The next year brought the discovery of the stellar water maser. Soon after
came the strangest one of all: the silicon monoxide (Si0) maser. Unlike the abundant
oxygen and hydrogen of hydroxyl and water masers, silicon is relatively rare.
Stranger still, when astronomers identified the exact molecular energy levels in these
masers, the SiO molecules proved to be between two highly excited states. Such
stellar masers can exist only in regions of the circumstellar shell that are at about
1,000 degrees Kelvin.

References
*for reading chemical formulas study Appendix 1.

* Mysterium - (Latin) is said about something that is impossible to understand or
explain.

COMPREHENSION CHECK

Exercise 1. Join suitable parts.

1. Their line intensities... a) Mysterium was simply OH.
2. The next year brought the discovery... b) such stellar masers can exist.
3. The evidence was clear... c) were all wrong.

d) of the stellar water maser.
Exercise 2. Arrange the sentences in their logical order.

1. Mysterium was a OH molecule that had formed a natural maser.
2. After this discovery hundreds of interstellar OH masers have been discovered.
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3. They found an unusual emission spectrum of a molecule that they dubbed
Mysterium.

4. The discovery of interstellar masers started when Harold Weaver and his
colleagues were studying the radio waves emitted by hydroxide (OH) groups in the
nearest region of the galaxy.

5. OH molecules were being pumped by infrared light from nearby gas clouds that
were collapsing to form stars.

INCREASE YOUR VOCABULARY
Exercise 1.

Find Russian equivalents to English adjectives.

1 2
1. evident a) BaXKHBIN
2. significant b) TOUHBII
3. powerful C) paBHBII
4. exact d) MmomHbBIN
€) OYEBHUIHBIN
f) onpeneneHHbIN

LANGUAGE ACTIVITY

Exercise 1. State the part of speech of the following words and determine their
meaning without using a dictionary:

1) approximate, to approximate, approximation, approximative, approximately;

2) most deficient, deficiency;

3) to emit, emitter, emission, emissive, emissivity;

4) use, to use, user, using, usage, useless, useful, usefulness.

Exercise 2.
a) Make up singular-plural pairs.
Phenomenon, spectra, index, spectrum, radius, indices, phenomena, radii.

Exercise 3. Divide the following sentence into three simple sentences.

The first such laser was described by Giftan and co-workers, who operated a ruby
laser 6 cm long and 0.6 cm in diameter, with an input energy of only 150 joules,
which was only a small fraction of the energy required for the same ruby in the
helical configuration.

Exercise 4.
a) Choose the correct modal verb or its equivalent.
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1.I can/could play chess well before I entered chess club with special training.
2. Can/may you translate this scientific report into English without dictionary?
3.You can’t/mustn’t talk all the time so quickly as nobody can/are able to
understand you.

4 May/will I leave the room?

5.1 am sure he must/may be in the library now!

b) Translate from English into Russian paying attention to modal verbs.

1. The diode radiation can be collected by a simple lens. 2. Illumination of a
semiconductor may be followed by various consequences, electron conductivity,
“intrinsic” photoconductivity, impurity or defect photoconduction. 3. A conductor
and an insulator must be distinguished by their extreme values of electrical
conductivity.

REVIEW OF CHAPTER I

Exercise 1. Write a brief summary of the texts.

Define the main problems dealt with in the texts. Try to use the following words and
expressions in your summary: the article covers the period (periods), special attention
is given to, thus, hence, that’s why.

Exercise 2. Topics for discussion on the material of Chapter 1.
1. How many stages in maser-laser history can you find?
2. Who contributed much to the development of masers and lasers?

Exercise 3.
a) Study using “make” and “do”.
“Make” or “do”? In some contexts these two words have a similar meaning.
However, there is a rule which says that “make” usually carries the idea of creation,
construction.
Example: — Marry made this dress herself.

— This device was made by two students in one of the laboratories of the

University.
— Second-year students will make experiments next year.

As for “do”, it is usually associated with work, particular activity.

Example: — Have you done your homework?
— We don’t do aerobics this year.
— He plans to do business.

However, there are many exceptions to these rules and specific uses of these verbs:
— to make a decision

— to make a mistake

— to make entry
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— to make a device

but:

—to do a service
— to do subjects
—to do a favour
— to do without
—to do one’s best

b) Insert the expressions with “make” and “do” given below.

. I am ever so thirsty I could... a drink.
. They’ve just finished... their flat and it looks really nice now.
. She was very angry because her rival had...her... the reward.
. He had to...sugar in his coffee, because he was on a diet.
. I can’t quite ...if that your sister or you on this photo.
. As you arrived late, you’ll have to...the time you’ve lost.
. We were ... the station when the thunderstorm broke.
s this the truth or are you...it...?
. Dog picked up my sandwich in its mouth and ... it.

O 0 1N LN B WK —

( do someone out of, do up, do with, do without, make for, make off with, make out,
make up, make up for)

¢) Analyze the usage of "'make"* or "'do"" in the text “Maser-Laser History”.
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Chapter 11
Lasers

Unit 5
Types of Lasers

WORD STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns

species, ion, scheme, threshold, garnet, target, consequence, designator, ruby.
Verbs

yield, broaden, vibrate, summarize, require.

Exercise 2. Make nouns from the following verbs according to the models and
translate them.
Verb + ing
advert, process, tabulate, hold, reason, begin.
Verb + er/or
use, develop, design, manufacture, assemble, program, invent, perform,
collect.
Verb + ment
develop, improve, advertise, equip, require, advance, move, announce,
disappoint, govern.

UNDERSTANDING A PRINTED TEXT

List of Terms:

active species — aKTUBHBIE YaCTHIIbI

transition element — mepexoaHBIN AIEMEHT

decay time — Bpems pacraja (3aTyXaHus)

rangefinder — nansHOMED

strained crystal — neopmMupoBaHHbIA KpUCTAILI

target designator — pacro3HaBatelnb Lelu

cw laser (continuous wave) — 1a3zep HENPEePbIBHOIO AEUCTBUS
Q-switched operation — pexxum MoayISIIUU JOOPOTHOCTH
low repetition rate — HuU3Kasi CKOPOCTb MOBTOPEHUS
cavity — pe3oHaTop

material processing — 06paboTka MaTepuagoB

threshold pump energy — moporoasi Heprusi HaKauKu
doping level — ypoBeHb JierupoBaHuUsI

solid-state laser — TBEpIOTENBbHBIN JTa3ep
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rod — cTepkeHb

tunable radiation — nepectpanBaeMoe U3nydeHue

unfilled shells — He3anoaHeHHBIE 000J0YKH

electric dipole interaction — 3JIeKTPOIUNOIBLHOE B3aUMO/ICHCTBUE
medium — cpena

impurity - mpuMech

Comprehension reading

Here we’ll consider the main types of lasers: (1) solid-state (crystal or glass)
lasers, (2) gas lasers, (3) dye lasers, (4) chemical lasers, (5) semiconductor lasers, (6)
color center lasers, (7) free-electron lasers and (8) X-ray lasers.

Solid-State Lasers

The term “solid-state laser” is usually reserved for those lasers that have as
their active medium either an insulating crystal or a glass. Solid-state lasers often use
as their active species impurity ions introduced into an ionic crystal. Usually the ion
belongs to one of the series of transition elements in the Periodic Table.

The transitions used for laser action involve states arising from the inner
unfilled shells. These transitions are therefore not strongly influenced by the crystal
field. Furthermore, these transitions are forbidden by electric dipole interaction so
that the spontaneous decay time falls in the millisecond rather than in the nanosecond
range as for electric dipole allowed transitions.

The Ruby Laser

This type of laser was the first to be made to operate (T.H. Maiman, June 1960)
and still continues to be used. Ruby, which has been known for hundreds of years as
a naturally occurring precious stone, is a crystal of corundum in which some of the
Al’" ions are replaced by Cr’" ions.

Ruby lasers, once very popular, are now less widely used, since they have been
replaced by competitors, such as Nd:YAG or Nd:glass lasers. Ruby lasers are,
however, still commonly used for a number of scientific and technical applications
where the shorter wavelength of ruby compared to Nd:YAG represents a considerable
advantage (such as pulsed holography, where Nd:YAG cannot be used owing to the
lack of response of the photographic films at the longer wavelength of the Nd:YAG
laser). Ruby lasers were extensively used in the past for military rangefinders, an
application in which this laser is now completely replaced by Nd:YAG or Nd:glass
lasers.

Neodymium Lasers

Neodymium lasers are the most popular type of solid-state laser. The laser
medium is commonly called YAG (an acronym for yttrium aluminum garnet).
Nd:YAG lasers can operate either cw (continuous wave ) or pulsed.

Nd:YAG lasers are widely used in a variety of applications, among which we
mention (1) ranging (most military laser rangefinders and target designators now use
Nd:YAG lasers); (2) scientific applications (Q-switched lasers); (3) material
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processing (cutting, drilling, and welding etc.); (4) medical applications
(photocoagulation).

Nd:Glass Lasers

From an engineering viewpoint, i.e., in terms of pumping configurations and
rod dimensions, the most commonly used Nd:glass lasers do not differ greatly from
those used for Nd:YAG lasers. Nd:glass lasers are often used in applications where a
pulsed laser of low repetition rate is required. This is the case for some military
rangefinders and for some scientific Nd:glass lasers. A very important application of
Nd:glass is as laser amplifiers in the very high energy systems used in laser-driven
fusion experiments.

Alexandrite Laser

This laser may be considered as the representative of a large class of solid-state
lasers. Alexandrite lasers are similar to Nd:YAG lasers and their better performance
is obtained at increased temperatures. These lasers are often operated at ~ 100° C.
Alexandrite lasers are useful when high average power is needed where tunable
radiation is required.

COMPREHENSION CHECK

Exercise 1. Answer the questions using the information from the text.

What types of lasers are called solid-state ones?

What kind of these lasers was the first to start operating?

Ruby lasers are still widely used in pulsed holography, for example. Why?
What kind of solid-state lasers is the most popular? How can it operate?
Where are Nd:YAG lasers used?

SNk W=

Exercise 2. Say what you have learnt about solid-state lasers. Begin your story with
the phrases listed below:

After that ...

Now it’s widely known that ...

Solid-state lasers are divided into ...

Exercise 3. Complete the sentences.
1. The transitions used for laser action involve states ...
arising from the impurity ions in crystals.
arising from the inner unfilled shells.
arising from an insulating crystal.
arising from electric dipole interaction.

o o

2. Ruby lasers are still commonly used where...
a. the longer wavelength of ruby has considerable advantage.
b. all kinds of wavelength of ruby are preferable.
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c. only long wavelength of ruby has considerable advantage.
d. the shorter wavelength of ruby has considerable advantage.

3. Nd:Glass lasers are often used in applications where...
a. a pulsed laser of low repetition rate is required.
b. tunable radiation is required.
c. only the shorter wavelength are required.
d. different kinds of wavelength are required.

INCREASE YOUR VOCABULARY

Exercise 1. Match the synonyms.

Verbs

1 2
1. distinguish a. repeat
2. restart b. replace
3. yield c. determine
4.define d. produce
S.govern €. resume
6.substitute f. put together
7.assemble g. differ
8.vibrate h. control

1. oscillate

Exercise 2. Translate the following word combinations knowing that the reference
word is the last one.
Example: electron current flow — TeyeHue 3JIEKTPOHHOTO TOKA.

Semiconductor lasers, solid-state lasers, impurity ions, electric dipole interaction,
spontaneous decay time, crystal growth, green and violet absorptions bands, three-
level scheme, required threshold pump energy, typical doping levels, peak emission
cross section.

Exercise 3. Give explanation of these terms in English.
Solid-state lasers, rangefinder, YAG, cw laser.

Exercise 4. Translate the following sentences paying attention to noun word-

groups.

1. A certain equilibrium state between the opposite processes exists at every
temperature.

2. A simplified energy-level scheme of this laser will be discussed later.
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3. A very important application of Nd : glass is as laser amplifiers in the very high
energy systems used in laser-driven fusion experiments.

4. Since the laser bandwidth is very large, the peak emission cross section is nearly
60 times smaller than that of Nd : YAG.

5. For a given discharge current, these various processes of excitation and
deexcitation lead eventually to some equilibrium distribution of population among
the energy levels.

6. Metal vapor lasers also constitute a large class of lasers.

LANGUAGE ACTIVITY

Exercise 1. Choose the correct degree of comparison.

1. Neodymium lasers are (more, the most) popular type of all solid-state lasers.

2. Ruby lasers are now (less, the least) widely used, since they have been replaced by
competitors.

3. The (more, most) commonly used Nd:Glass lasers do not differ greatly from those
used for Nd:YAG lasers.

4. Though CO, is not poisonous, it is the (more, most) important artificial contributor
to the greenhouse effect — and thus to any manmade global warming.

Exercise 2. State different meanings of “that (those)”:

a. TOT, 3TOT

b. uTo

C. KOTOpBIU

d. 3amenuTens cymiecTBuTenbHOTO ( that of)

e. To ecTh [that is = i.e. (id est — 1aT.)]

f. *MeHHO, TONBKO JUIIB (YCHIIUTENbHBIN 000poT) [it is ... that]

g. T0(M),4TO

1. Dr.Kravchenko and his colleagues have proposed that a liquid-like phase of the
electrons may explain their observations.

2. It would have to be a liquid that, in the jargon of quantum mechanics, had a
“macroscopic wavefunction”.

3. From an engineering viewpoint, that is, in terms of pumping configurations and
rod dimensions, the most commonly used Nd:Glass lasers do not differ greatly.

4. The excitation rate is greater for the upper laser level than that for the lower laser
level.

5. The important factor in these developments is that the increase in fiber
transmission capacity has grown greatly.

6. It was the laser scheme that was proposed in the original paper of Schawlow and
Townes.

Exercise 3. Choose the correct form of the predicate from the alternatives given
below.
1. It s possible by doing so to study a number of fundamentally new physical

effects that ... the interaction of radiation with matter.
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®

is accompanied
accompany
accompanies

oo o

. have been accompanied
2. The mean power of the laser radiation for implementing a commercial
thermonuclear reactor ... tens of megawatts.
a. must be
b. were to be
c. must have been
d. have to be
3. The angular spread of the laser radiation in both laser-operating regimes,
measured at the 80%-energy level, ... 4 mrad.
a. 1s not exceeded
b. does not exceed
c. will not be exceeded
d. do not exceed
4. Much research and development, carried out all over the world for more than
45 years, ... that, to improve this set of parameters, a solid-state active medium
based on crystals and glasses is best for lasers with a short pulse width.
a. have shown
b. is shown
c. has shown
d. has been shown
5. The problem which greatly interested the scientists was whether other elements
besides uranium ... the property of emitting radiation.
a. possess
b. will possess
c. has possessed
d. possessed

Exercise 4. Put the verbs in brackets into the correct tense form according to the
Sequence of Tences rule.
1. In the ancient times men did not think that the brain (to be) the center of mental
activity.
2. Aristotle, the philosopher of ancient Greece, thought that the mind (to be
based) in the heart.
3. And so people thought, that each part of the brain (to control) a different
activity.
4. As soon as he (to graduate) from the University he will work as a school-
teacher.
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Exercise 5. Summarize your knowledge of the Sequence of Tenses and the
Reported Speech, and put the verbs in brackets into right form.

1. He said that he (to be) at the theatre the night before.

2. My friend promised that the next day he (to come) in time.

3. The officer commanded (to stop) talking.

4. If he (to bring) me this article, I’ll translate it in time.

Exercise 6. Translate from Russian into English.

1. B aTom TekcTe maércs onmucanue TBEPAOTEIbHOTO jaszepa. 2. [lepBolit pyOHMHOBBIM
nazep Obut co3maH B 1960 roxy. 3. OOBIUHO Jla3ep MCHOJIB3YETCS KaK MCTOYHUK
uznydeHusa. 4. (OCHOBHBIE CBOICTBA JIa3€pHOrO  H3JIYYEHHUS] —  BBICOKas
MHTCHCUBHOCTb, Yy3Kas II0JI0CA YacTOT, HAIPaBIE€HHOCTb U KOT€PEHTHOCTb.
5. Pe3oHarop na3zepa COCTOMT M3 ABYX NapaJUIeIbHBIX 3epkai. 6. TBEpaOTENbHBIE
Ja3epsl, KaK IpaBUIoO, padOTalOT B UMITYJIbCHOM PEXUME.
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Unit 6

Gas Lasers

WORD STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns

dye, scintillator, curve, dimmer, angle, vibration, vapor, collision,

pulse, circumstance, significance, nitrogen, oxygen.
Adjectives

dynamic, radial, longitudinal, visual, creative, comparable,

intermediate, spontaneous.

Exercise 2. Make different parts of speech from the following words according to
the models.
Noun + ive = adjective
effect, act, excess, success.
Adjective + ly = adverb
sufficient, special, notable, rotational, vibrational, intermediate,
spontaneous, optic.
Noun + less = adjective
use, increase, help, shape, color.
Noun + ic = adjective
1on, electron, atom, base.

Exercise 3. Read and translate the words paying attention to the meaning of the
prefix “ semi”.

Semiconductor, semi-conductive, semi-conductivity, semiautomatic, semicircle,
semifinal, semi-period, semi-terminating, semi-reflecting.

UNDERSTANDING A PRINTED TEXT

List of Terms:

line-broadening mechanism — MexaHu3M yIIMpPEHUS TUHUU

ground state — OCHOBHOE COCTOSIHUE

peak spectral wavelength — qyiiHa BOJIHBI B MaKCUMyMe CITEKTpa
optical power output — onTUYecKkast MOLITHOCTh HA BBIXOJIE

pulsed operation = pulsed regime (condition) — UMITYJILCHBIN PEXUM
continuous operation — HEMPEPHIBHOE JCHCTBUE

excitation rate — CKOpOCTh BO30YKIeHUS

stimulated emission — BEIHYKJIEHHOE U3Ty4eHUE

noble gas — G1aropoHbII ra3
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metal vapor laser — nazep Ha mapax metaina

optical pumping — onTHyeckas HaKayka

vibrational level — konebarenbHbIN YpOBEHb

lower(free) state — cB0OOOIHOE COCTOSTHHE

rotational laser — a3ep Ha BpalaTeIbHBIX MEPEX01ax

gold vapor laser — nazep Ha mapax 30J10Ta

vibronic laser — nazep Ha koyiebaTebHBIX MTEPexo0aax
vibrational-rotational lasers — na3zepbl Ha KoJeOaTeILHO-BpAIATEIBHBIX ITEPEXoaax
character reading — cuuThiBaHue (pacrno3HaBaHUE) CUMBOJIOB
alignment — HacTpoiika, BEIpaBHUBAHUE

deexcitation — cHATHE BO30OYXIACHUS

discharge current — pa3psiHbIif TOK

distribution of population — pacnipenenenue HaceIEHHOCTH
self-terminating transition — caMOOrpaHUYEHHBIN MEPEXO.T
output power - BBIXOJHas MOIIHOCTD

UV source - ICTOYHUK YIbTPadHOIETOBOIO CBETA

Reading for precise information

In general, for gases, the broadening of the energy levels is rather small since
the line-broadening mechanisms are weaker than in solids. The importance of these
lasers lie more in its historical significance since it was the laser scheme that was
proposed in the original paper of Schawlow and Townes. Gas lasers are usually
excited by electrical means, i.e., pumping is achieved by passing a sufficiently large
current (which may be continuous or pulsed) through the gas.

Once a given species is in its excited state, it can decay to lower states,
including the ground state, by four different processes: (1) collisions between an
electron and the excited species; (2) collisions between atoms; (3) collisions with the
walls of the container; and (4) spontaneous emission. These various processes of
excitation and deexcitation lead eventually to some equilibrium distribution of
population among the energy levels. A population inversion in a gas is a more
complicated process than in a solid-state laser, owing to the large number of
phenomena involved. We can say that a population inversion between two given
levels will take place when either (or both) of the following circumstances occur: (1)
the excitation rate is greater for the upper laser level than that for the lower laser
level, and (2) the decay of the upper laser level is slower than that of the lower laser
level. The latter is a necessary condition for cw operation. If this condition is not
satisfied, however, laser action can still occur under pulsed operation provided
condition (1) is fulfilled (self-terminating lasers).

Molecular Gas Lasers

These lasers exploit transitions between the energy levels of a molecule.
Depending on the type of transition involved, molecular gas lasers can be placed in
one of the three following categories: (1) Vibrational-rotational lasers. These lasers
use transitions between vibrational levels of the same electronic state (the ground
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state). (2) Vibronic lasers which use transitions between vibrational levels of different
electronic states. The most notable example of this category of laser is the nitrogen
laser. A special class of laser, which can perhaps be included within the vibronic
lasers, is the excimer laser. (3) Pure rotational lasers, which use transitions between
different rotational levels of the same vibrational state.

Neutral Atom Lasers

Neutral atom lasers make use of neutral atoms in either gaseous or vapor form.
Neutral atom gas lasers constitute a large class of lasers and include in particular
most of the noble gases (He, Ne"). Metal vapor lasers also constitute a large class of
lasers, including, for example, Pb, Cu’. All metal vapor lasers are self-terminating
and are therefore operated in a pulsed regime.

Helium-Neon Lasers

The He-Ne laser is certainly the most important of the noble gas lasers. One of
the most characteristic features of the He-Ne laser is that the output power does not
increase monotonically with discharge current but reaches a maximum and thereafter
decreases. For this reason commercially available He-Ne lasers are provided with a
power supply designed to give only the optimum current.

He-Ne lasers oscillating on the red transition are widely used for many
applications where a low-power visible beam is needed (e. g., alignment, character
reading, metrology, holography, video disk memories).

Copper vapor lasers are used for many scientific applications and for some
industrial applications (such as high-speed photography). Gold vapor lasers are
increasingly used for photodynamic therapy of tumors.

Ion lasers

Ion lasers typically operate in the visible or ultraviolet regions. As in the case
of neutral atom lasers, ion lasers can be divided into two categories; (1) ion gas
lasers; (2) metal vapor lasers, the most notable example of them is the He-Cd laser.

He-Cd’ lasers are attractive for many applications where a blue or UV" beam of
moderate power is of interest (e.g., high-speed laser printers, holography).

Excimer Lasers

Excimer lasers represent an interesting and important class of molecular lasers
involving transitions between different electronic states. This type of laser has two
peculiar but important properties, both due to the fact that the ground state is
repulsive. (1) Once the molecule, after undergoing the laser transition, reaches the
ground state, it immediately dissociates. This means that the lower laser level will
always be empty. (2) No well-defined rotational-vibrational transitions exist, and the
transition is relatively broad-band.

Excimer lasers are used to ablate very accurately defined regions of various
materials in applications related to electronic printed circuits and also for ablating
biomedical material. Excimer lasers are also widely used in scientific research and
find numerous applications in which a strong and efficient UV source is required
(such as in the field of photochemistry).
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COMPREHENSION CHECK

Exercise 1. True or false?

1. In general, for gases, the broadening of the energy levels is rather small.

2. Gas lasers are usually exited by electrical means.

3. Neutral atom lasers don’t make use of neutral atoms in either gaseous or vapor
form.

4. Copper vapor lasers are used for many scientific and for some industrial
applications.

5. Excimer lasers represent an interesting and important class of gas lasers.

Exercise 2. Try to give your explanation of the following terms.

Chemical efficiency; bound-bound transition; excimer laser; molecular gas laser.

INCREASE YOUR VOCABULARY

Exercise 1. Match the antonyms.

Nouns
1 2
1. indifference a. excitation
2. acceptor b. simplicity
3. input c. creation
4. complexity d. charge
5. division e. decay
6. discharge f. receptor
7. destruction g. importance
8. deexcitation h. output
9. union 1. distribution
j. multiplication
k. condition
LANGUAGE ACTIVITY

Exercise 1. State the function and translate the verb "fo be" according to the list
given below:

a. CMBICJIOBOM TIJ1aroJ

b. BcmomMoraTenbHbIN I1arosi, 00pa3yromuii CTpaaaTelbHbIN 3a710T

C. BXOJUT B COCTaB OOIICTIPUHSITHIX BHIPAXKECHUN U HE TICPEBOTUTCS

d. rimarosn-cBs3ka

e. that is = To ecTb

f. BcmoMorarenbHbIi T71aroii, 00pa3yolui rpynny NpoAoKEeHHbIX BPEMEH
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g. to be to = must

1. A population inversion in a gas is a more complicated process than in a solid-state
laser.

2. lon lasers can be divided into two categories.

3. Excimer lasers are used to ablate very accurately defined regions of various
materials in special applications.

4. Gas lasers are usually excited by electrical means, that is, pumping is achieved by
passing a sufficiently large current through the gas.

5. These lasers are to exploit transitions between the energy levels of a molecule.

6. It is necessary to say that here we discuss only some of the main types of lasers.

Exercise 2. Pay attention to the different usage of the verb "to have":

a. CMBICJIOBOM TJ1aroJi

b. BcmoMoraTeNbHbIN TJ1aroi1, o0pa3yomuil nepGeKTHYIO TPYIITY BpeMEH

c. have to = must

1. Spaceborne lidars, including instruments on satellites, #ave the potential for
collecting data on a global scale.

2. Because this type of lidar had never flown in space before, the LITE mission was
primarily a technology test.

3. The DIAL technique was first demonstrated in the mid-1960s, and DIAL systems
have been flying on research aircraft for over a decade.

4. The early work on fiber optic light source and detector was slow and often Aad to
borrow technology developed for other reasons.

Exercise 3. Choose the correct translation for the italicized predicate.

1. In this connection, it is interesting to track how the choice of a laser driver for
such a global problem as inertial thermonuclear synthesis has evolved over the
last 45 years since the first papers in which the very idea of laser
thermonuclear synthesis was put forward.

a. Jenancs

b. momxeH ObITH caelladH
c. ObUI chena”

d. Oyner cnenan

2. For laser pulses shorter than 10-20 ps, the breakdown mechanism changes
from thermal to avalanche breakdown, and this changes how the threshold
breakdown energy density depends on the pulse width.

a. 3aBHcela

b. 3aBucur

c. Oyner 3aBUCETH
d. MoXxeT 3aBHCETH

3. Setting the maximum energy density of the Stokes pulse equal to the
saturation energy density, we can obtain an expression for the minimum width
of a compressed pulse.

a. CMOTJIU BBIBECTH
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4.

5.

6.

b. cMmokeM BbIBECTH

C. JTOJDKHBI BBIBECTH

d. Moxem BbIBeCTH

However, this technique requires a lot of photons to reduce the noise level
clearly below the amplitude of the polarimetric signals.

a. motpeboBaina

b. TpeOyet

c. morpedyer

d. Tpebyercs

From the analysis done about the technical feasibility of a narrow-band,
tunable filter imaging system, using standard techniques, it turns out that only a
system based on Fabry-Perot interferometers with air gaps can meet most of
the science requirements.

a. MOXET OTBETUTh

b. Moriia OTBETUTh

C. CMOJET OTBETUTH

d. orBeuaer

The rigorous operating requirements imposed on such lasers in terms of energy
efficiency, operating lifetime, mass, and size determine the choice of solid-
state lasers with semiconductor pumping as the most promising radiation
sources for these purposes.

OTIPEACTISIOT

OTIpEACTIVIIH

OTIpEeICTIST

OTIpEACTISIOTCS

o o

Exercise 4. Translate the sentences paying attention to the voice of the predicates.

l.
2.
3.

4.

These lasers exploit transitions between the energy levels of a molecule.

This means that the lower laser level will always be empty.

For this reason commercially available He-Ne lasers are provided with a power
supply designed to give only the optimum current.

Fiber optics developed over the years in a series of generations that can be
closely tied to wavelength.

. This window refers to a wavelength region that offers low optical loss.

Exercise 5. Read the sentences, state the function of provided and translate these
sentences.
a) mpu ycloBuu, eciu (4to); b) naBath, 06eCreynBaTh.

1.

Television and telephone companies hurry to build systems that will covert
television and telephone technology and thus provide a one-server system for
their customers.

2. Provided that the number of subimages is greater than the number of

characters, the process is called oversegmented.
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3. The satellite industry is proposing and building several systems that they say
will provide the telecommunication services needed without the need for laying
more fiber-lines.

4. They provided a level of global ubiquity that is not possible with fiber optics or
with terrestrial cellular.

5. Provided a large degree of energy is applied to an atom then it can leave what
is referred to as ground-state energy level and go to an excited level.

Exercise 6. Summarize your knowledge of the Sequence of Tenses. Translate the
sentences into Russian.

I.
2.
3.

X NN s

It is clear that the newest devices of today will become obsolete tomorrow.

The engineers asked if the work could be compressed into 6 days.

We finally realized that we had chosen the worst possible moment to visit the
company.

We were told that the Earth revolves round the Sun.

He said that for many years he had been making sacrifices for what he believes in.
He considered that this problem would be solved in the near future.

I was not sure whether this theory could account for these phenomena.

It is known that magnifying power of microscopes is being increased from year to
year.

Exercise 7. Convert the sentences into the Reported Speech.

I.

ARl

— Are you 1ll? — mother asked.

— No, I’'m just tired, - [ answered.

The teacher said: “The pupil will come tomorrow™.

My friend said: “I’m working at the state library now”.

The boy said: “I did this work yesterday”.

The freshman asked: “Can I help in the laboratory?”

The young scientist said: “I’ve worked in this laboratory for two years”.

Exercise 8. Translate from Russian into English.

1.
2.
3.

B 3TOM TEKCTE onuchIBaeTCSA ra30BhIN Ja3ep.
B razoBom nazepe npuMeHsSETCsSI CMECh T€JIUS U HEOHA.
JInst co3maHusl JIEKTPUYECKOrO pas3psiia B ra3e UCIOIb3YETCs PaarO-4aCTOTHBIN

TeHeparTop.

4.
3.

Bo30yxaéHHbIE aTOMBI T'eJIHSI CTAIKUBAIOTCA C aTOMaMU HEOHA.
Jlyd oTpaxkaercsa OT 3epKajJ, U €ro HMHTEHCUBHOCTb BO3pPACTaCT C KaKIbIM

IPOXOOM.

6.

IlepBblIii ra3oBblii Ja3zep ObLT U3roToBieH B 1960 rony.
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Unit 7

Liquid Lasers (Dye Lasers) and Chemical Lasers

WORD STUDY
Exercise 1. Find transcription of the words listed below in the dictionary and read
them.
Nouns

solution, molecule, coverage, spectroscopy, therapy, combustion, compound.
Exercise 2. Make up nouns from the following adjectives using suffixes -ty; -cy
according to the model.
Adjective + ty/cy = noun.
(possible — possibility)

Accurate, efficient, capable, resistive, monochromatic, frequent, intensive.

UNDERSTANDING A PRINTED TEXT

List of Terms:

liquid laser — >kuIKOCTHOM J1a3ep

organic compound — OpraHMYECKOE COCAMHEHNE

conjugated double bonds — conpsik€HHbBIE CTBOCHHBIE CBSI3U
polymethine dyes — moauMeTHHOBBIE KpacUTEIN

wavelength tunability — Bo3MOXHOCTb NTepeCTPOUTHCS IO JJTUHE BOTHBI
upper state population — 3ace’€HHOCTh 60Jiee BEICOKOTO YPOBHS
frequency-domain spectroscopy — CIIEKTPOCKOIHS B YaCTOTHOM 00J1aCTH
chemical laser — xumMmudeckuii Jazep

combustion reaction — peaxius ropeHus

output energy — BbIXOQHAsA JHEPT U

HF type = high frequency type — BBICOKOYaCTOTHBIN THI

chemical efficiency — xumuueckas 3¢ HeKTHBHOCTH

organic dye compounds - coeAMHEHUS] OPraHUYECKUX KpacuTelen
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Scan-reading

Liquid Lasers (Dye Lasers)

The liquid lasers are those in which the active medium consists of solutions of
certain organic dye compounds in liquid solvents such as ethyl alcohol, methyl
alcohol or water. Organic dyes constitute a large class of polyatomic molecules
containing conjugated double bonds.

Due to their wavelength tunability, wide spectral coverage, and the possibility
of generating very short pulses, organic dye lasers have found an important role in
various fields. In particular, these lasers are widely used in scientific applications,
either as a cw narrow band, down to single mode, tunable source of radiation for
high-resolution frequency-domain spectroscopy, or as short-pulse lasers for high
resolution time domain spectroscopy. Other applications include the biometrical field
(e.g., retinal treatment or photodynamic therapy) and applications in the field of laser
photochemistry.

Chemical Lasers

A chemical laser 1s usually defined as one in which the population inversion is
“directly” produced by a chemical reaction. According to this definition, the gas-
dynamic CO, should not be regarded as a chemical laser even though the upper state
population arises ultimately from a combustion reaction (e.g., combustion of CO with
0, ). Chemical lasers usually involve a chemical reaction between gaseous elements,
and often involve either an associative or a dissociative exothermal chemical
reaction.

Chemical lasers are interesting for two main reasons: (1) They provide an
interesting example of direct conversion of chemical energy into electromagnetic
energy. (2) They are potentially able to provide either large output power (in cw
operation) or large output energy ( in pulsed operation). This is because the amount
of energy available in an exothermal chemical reaction is usually quite large.

Chemical lasers of the HF type can give large output powers (or energies) with
good chemical efficiency. The most important area of these lasers seems to be for
high-power military applications.

COMPREHENSION CHECK

Exercise 1. Complete the sentences.
1. Chemical lasers of the HF type can give...
a) small output powers with good chemical efficiency.
b) large output powers without good chemical efficiency.
c) large output powers with good chemical efficiency.
d) small output powers without good chemical efficiency.
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2. Organic dyes constitute a large class of...
a) polyatomic molecules containing conjugated double bonds.
b) solutions of certain organic dye compounds.

¢) polyatomic molecules.

d) liquid solvents such as ethyl alcohol, methyl alcohol or water.

3. A chemical laser is usually defined as one in which...

a) the population inversion is sometimes produced by a chemical reaction.
b) the population inversion is “directly” produced by a chemical reaction.
c) the population inversion is often produced be a chemical reaction.

d) the population inversion is seldom produced by a chemical reaction.

INCREASE YOUR VOCABULARY

Exercise 1. Find the equivalents.
1.

SNk

organic compound
conjugated double bonds
upper state population
liquid laser

combustion reaction
wavelength tunability

LANGUAGE ACTIVITY

a) peakxIus TOpeHuUs

b) CIeKTpOCKOMNus B 4aCTOTHOM 00J1acTH

C) BO3MOXXHOCTh  TIEPECTPOUTHCS  TIO
JUTHHE BOJTHBI

d) xumuyeckuii nazep

€) CONpsKEHHBIE CABOCHHBIE CBA3U

f) 3acenéHHOCTH OOJIEE BHICOKOTO YPOBHS

g) KUJKOCTHBIN J1a3ep

h) opranumueckoe coequHEHHE

Exercise 1. Fill in the gaps with prepositions:

a) for; b) by; c)since; d)dueto; e)of; f)to; g)with; h)instead of; i) on
... ... their wavelength tunability, wide spectral coverage, and the possibility of
generating very short pulses, organic dye lasers have found an important role

1.

b

in various fields.

efficiency.

. Chemical lasers of the HF type can give large output powers ... good chemical

Only...gathering more accurate information scientists can improve their

understanding of the atmosphere.

DIAL systems have been flying on research aircraft ... over a decade.
... ... bouncing radio waves off its target, however, a lidar uses short pulses of
laser light to detect particles or gases in the atmosphere.
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6. ... the 1930s, when scientists first discovered ozone, a lot of progress has been

made in defining and measuring both natural and human influences on our
atmosphere.

7. A space-based lidar can provide global measurements of the vertical

8.

structures... clouds and atmospheric gases.
It is known that according ... the Russian tradition honored guests are
welcomed with bread and salt.

Exercise 2. Translate the sentences into Russian in writing.

L.

2.

3.

7.

I would not like my son or daughter to become a scientist of the kind typical in
the world today.

If, however, science could be developed in a new way to become a meaningful
social activity, I would be glad to see my son or daughter doing science.

He has thoroughly checked up his calculations so that no occasional mistakes
be missed.

. Without chaos there would be no complex systems, no evolution, no life and

no universe as we know 1it.

. It is desirable that you should clearly understand the nature of errors in your

experiments.

. The editor insisted that all the advantages of the theory developed should be

mentioned in the paper.
But for a lot of errors, the experiment would not have been failed.

Exercise 3. Translate the following sentences paying attention to ‘“as well as”
and “as well”.

1.

2.

The lasers use luminescent crystals as well as mixtures of various gases and
semiconductors.

Although the first arrangement for ruby included a helical flashtube, other
geometries are possible as well.

. The laser beam can be used to build laser radar systems, construct ultraprecise

clock as well as speed up the function of complex computers.

. The excitation energy varies not only with the efficiency of the lamp, but with

the quality of the ruby as well.

Exercise 4. Complete the sentences.

1.

Nk WD

If I were a genius ...

If my father was a tycoon of computer industry ...
If my girlfriend were a hacker ...

If I had $1000000 to spend in three days ...

If somebody stole my computer ...
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Exercise 5. Give a brief summary of all the texts using the following words and
expressions.

These texts deal with ...

The four main types of lasers ...

It’s known ...

Nevertheless ...

Therefore ...

Just for that ...

It’s not by chance ...

They are widely used ...
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Unit 8

Semiconductor Lasers

WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.

Nouns
function, semiconductor, photon, population, valence, bulk, diode, current,
junction.
Verbs
assume, suppose, use, fulfill, produce.
Adjectives
full, suitable, individual, auxiliary, simultaneous.
Collocations

to be associated with, to belong to, no longer, relating to.
Noun — adjective pairs of words:

atom — atomic
molecule — molecular
electron — electronic
energy — energetic
system — systematic
bulk — bulky

period — periodic

Exercise 2. Fix your attention on the prefix “re” — meaning “again”. Translate
these verbs:

read — reread

write — rewrite

make — remake

combine — recombine

design — redesign

UNDERSTANDING A PRINTED TEXT

List of terms:

energy level — sHeprerndeckuii ypoBeHb

wave function — BosiHOBast pyHKIIUS

valence band — BasieHTHast 30Ha (3aM0JIHEHHAs SHEPreTHYECcKas MoJoca)
conduction band — 30Ha mpoBoAMMOCTH (CBOOO IHAS 30HA)
recombination radiation — peKOMOMHAIIMOHHOE U3TYUYCHUE
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laser oscillation — renepartus azepa

energy gap = band gap — sHepreTHYeCKHil MPOMEKYTOK, 3allpelieHHas 30Ha
threshold condition — moporoBbIii peskUM UM TOPOTOBBIN MTApaMeTP
junction — nepexo/i, CThIK, COETUHEHUE

hole — npIpka (“+” - HOcUTENb 3apsia, KBa3U-4acTUIIA)

wiggly motion - mokaunBaHue

Reading and translating

Semiconductor Lasers

We have discussed atomic and molecular systems, whose energy levels are
associated with localized wave functions, i.e., belong to single atoms or molecules.
We'll now consider the case of semiconductors, in which a wave function relates to
the crystal as a whole.

[a]

Fig.1. Principle of operation of a semiconductor laser

The principle of operation of a semiconductor laser can be followed with the
help of Fig.1, where the semiconductor valence band, V, and conduction band, C,
separated by the energy gap, E,, are indicated. If, for simplicity, we assume that the
semiconductor is at T = 0 K, then the valence band will be completely filled with
electrons while the conduction band will be completely empty. Then electrons are
raised from the valence band to the conduction band. After a very short time the
electrons in the conduction band will have dropped to the lowest levels in that band,
and any electron near the top of the valence band will also have dropped to the lowest
unoccupied levels, thus leaving the top of the valence band full of “holes”. This
means that there is then a population inversion between the valence and conduction
bands (Fig.1(a)).
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The electrons in the conduction band fall back into the valence band (i.e., they
recombine with holes), emitting a photon in the process (recombination radiation).
The process of stimulated emission of recombination radiation will produce laser
oscillation when the semiconductor is placed in a suitable resonator and the
appropriate threshold conditions are fulfilled. Laser action by stimulated emission of
recombination radiation from semiconductor p-n junctions was observed in 1962 by
four groups, three of which were using GaAs.

Semiconductor lasers now have a number of important applications that cover
different fields. The first mass application has been as the optical reading head in a
compact disk system. The same kind of application is now being extended to optical
disks used as permanent or write-once memories. For these applications GaAs lasers
are currently used, but considerable efforts are being made to develop visible-light
semiconductor lasers. A second major area of application is in the field of optical
fiber communications, where, again, GaAs is used at present while the quarternary
InGaAsP laser seems to offer a better choice for the future. In communication
applications any component must last for at least ~10° h (i.e., more than 10 years).
The lifetime of commercial devices is currently 10" h and that of experimental
devices~5x10° h.

COMPREHENSION CHECK

Exercise 1. Choose the correct answer from the alternatives given below.
1. The electrons in the conduction band fall back into the valence band...
a. emitting a photon in the process of recombination radiation.
b. absorbing a photon in the process of recombination radiation.
c. when they recombine with holes.

2. The process of stimulated emission of recombination radiation will produce
laser oscillation...
a. when the appropriate threshold conditions are fulfilled.
b. when the semiconductor is placed in a suitable resonator.
c. when the semiconductor is placed in a suitable resonator and the
appropriate threshold conditions are fulfilled.

3. In communication applications any component must last for at least...

a. ~10°h.
b. ~10°h.
c. ~10°h.

Exercise 2. Using the text explain what is “the process of recombination”.

Exercise 3. Look at two similar sentences. Which one is true?
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1. a) After a very short time the electrons in the conduction band will have
dropped to the lowest unoccupied levels.
b) After a very short time the electrons in the conduction band will have
dropped to one of the lowest occupied levels.

2. a) Semiconductor lasers now have a number of important applications that
cover different fields.
b) Semiconductor lasers are used very seldom now.

3. a) The first mass application of semiconductor lasers has been as the optical
scalpel in surgery.
b) The first mass application of semiconductor lasers has been as the optical
reading head in a compact disk system.

INCREASE YOUR VOCABULARY

Exercise 1. Find the equivalents.

1. wave function a. TMepexoj
2. conduction band b. MOporoBelil pexum
3. recombination radiation C. MOKAaYMBaHHE
4. threshold condition d. sHepreTuyeckuii ypoBeHb
5. wiggy motion €. TeHepalus ja3epa
6. junction f. BonmHOBas GhyHKIUS
g. 30Ha MPOBOJIUMOCTHU
h. pekoMOMHAIIMOHHOE U3TYyUYEHHUE
LANGUAGE ACTIVITY

Exercise 1. Summarize your knowledge of the types of Subordinate Clauses.
Form one sentence out of two using conjunctions given in brackets and translate it.
1. Idon’t remember the day. They left for London. (when)

2. We went across the fields. There stood Anne’s cottage. (where)

3. Tasked him. He wanted of me. (what)

4. 1thought. He was a good actor. (that)

5. He managed to get such books. He did not tell me about it. (how)

6. I couldn’t come to see you. I was unwell. (because)

7. Wait for me a little. You are not in a hurry. (if)

8. I'met them. They arrived from London. (as soon as)

9. Ileave Stratford. I’ll let you know. (before)

10.The reason is not clear. Many students were absent at the lecture. (why)

Exercise 2. Translate into English using conjunctions “which”, “when”, “if”,
“as”, “where”, “that”, “till”.
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. IIkona, B KOTOPOI1 (T1€) 51 yUUIICs, HAXOJUTCA B LIEHTPE TOPOJa.

Bot kHMTra, KOTOPYIO BBl XOTEJIH NPOYUTATH.

[IpenogaBarens ckaszajl, 4To sl JIOHKEH MHOTO padoTaTh Haj MPOU3HOIICHUEM
AHTIUHCKHUX CJIOB.

Korna Mb1 BepHYIHUCH, OBLIO YK€ TEMHO.

A O6yny xaaTh 10 TEX MOp, MOKa Bbl HE TTIO3BOHUTE.

Mp1 HEe MOTJIM Bac HaBECTHUTh, TaK KaK TOJbKO BUepa nmpuObuin u3 JlonaoHa.

Ecim noxap He IPEKPaTUTCs, Mbl HE TIOWIEM TYJISATh.

» (3

Exercise 3. Cross out “that”, “who”, “which”, “when” if one can manage without
them.

1.

XN R WD

9.

This is the house that Jack built.

He only likes people who like him.

He only talks to people who/whom he likes.

He told me an anecdote which I remember for a long time.

The newspaper gives the facts which speak for themselves.

I think Mary is a person who forgets nothing.

Jim 1is the person that everyone is talking about.

He said he was sorry and the question which he had asked meant nothing bad and
that was true.

What’s the time when the bus comes?

Exercise 4. Translate the sentences paying attention to the phrase-preposition “by

1.

2.

means of”.
Conventional electron devices function by means of the effect of an electrostatic
field on the movement of charged particles, usually electrons.
The discharge may be excited by means of an rf osclillator using external
electrodes.

Exercise 5. Translate the following sentences paying attention to the function of
“that™.

l.

2.

The resistivity of silicon at room temperature is about 3.000 ohm-m, and that of
germanium about 0,6 ohm-m.

A semiconductor laser is a few tenths of a millimeter long, whereas the density of
its radiation for volume is hundreds of thousands of times as great as that of the
best ruby laser.

. The laser can increase the size of the TV screen to that of a modern cinema.
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Unit 9

The Homojunction Laser

WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns
homojunction, heterojunction, advantage, donor, acceptor, configuration,
coating, surface, interface.
Verbs
distinguish, achieve, extend, absorb.
Adjectives
perpendicular, transverse, cryogenic, refractive, fundamental.
Collocations
to be based on, at the room temperature, because of, to provide feedback.

Exercise 2. Make adverbs from the following adjectives according to the model and
translate them.
Adjective + ly

usual, sufficient, significant, considerable, strong, rapid.

UNDERSTANDING A PRINTED TEXT

List of terms:

homojunction laser — romomasep, Jazep Ha rOMOTIIEPEX0/Ie
double heterojunction — qBOITHO# TeTepoIIepEx0]

end face —TopiieBasi MOBEPXHOCTh

reflecting coating —oTpaxaronuii cioi (TOKpHITHE)

Reading for precise information

Two basic types of semiconductor laser diode can be distinguished, namely,
the homojunction and the double heterojunction (DH) lasers. The importance of the
homojunction laser is based mostly on its historical significance.

In the homojunction laser, the pumping process is achieved in a p-n junction
where both p-type and n-type regions are made of the same semiconductor material
(e.g., GaAs).

Figure 1 shows a typical configuration of a p-n junction laser, the shaded
region being the active layer. It is seen that the diode has small dimensions. To
provide feedback for laser action, two end faces are made parallel. Often the two
surfaces are not provided with reflecting coatings.
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Note that, the thickness of the active region in the direction perpendicular to
the junction is ~1 pm. Because of diffraction, however, the transverse dimension of
the laser beam in this direction is significantly larger than the active region (~5 pum).
The laser beam therefore extends quite considerably into the p and n regions, where it
is strongly absorbed. This is the fundamental reason why the room-temperature
current density for a homojunction laser is high.

Bias Cleaved
lead facet

Cleaved
facet

Fig.1. Typical broad-area p-n homojunction laser made of GaAs

COMPREHENSION CHECK

Exercise 1. Explain using the text:
- the term “homojunction”;
- the importance of homojunction lasers.

Exercise 2. Complete the sentences.

1. 1 In the homojunction laser both p-type and n-type regions are made of
a) different semiconductor materials.
b) the same semiconductor material.
c) the material with the active layer.

2. In a p-n junction laser the diode has
a) significant dimensions.
b) suitable dimensions.
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c)

small dimensions.

3. The transverse dimension of the laser beam in the direction perpendicular to the
junction

a)
b)

c)

is not larger than the active region.
is significantly larger than the active region.
is significantly smaller than the active region.

INCREASE YOUR VOCABULARY

Exercise 1. Match the antonyms.

Verbs
1 2
1. to distinguish a) to cover
2. to shade b) to neglect
3. to absorb c) toshow
difference
4. to extend d) to illuminate
5. to consider ¢) to contain
f) to find
similarity
g) to emit
h) to contract
i) to discover
LANGUAGE ACTIVITY

Exercise 1. Summarize your knowledge of attribute clauses.

1.

The problem the scientists are working on is connected with a new source of
radiation.

In actual tubes the secondary electrons may be attracted back to the electrode
they come from.

3. The results you are speaking about were obtained in our laboratory.

An electron may have enough kinetic energy to knock one or more electrons
out of any material it comes in contact with.

5. The scanning device we have just mentioned generates an electric current.

A price of p-type semiconductor we use in our experiment is connected to a
battery.

The main subject the scientists studied at that time was the general theory of
oscillations.
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8. The choice of a variable condenser depends on the range of frequencies it is
necessary to cover.

Exercise 2. Translate into Russian paying attention to the perticiple.
1. Writing his paper he consulted some reference books.
2. Working with these materials you must be very careful.
3. When making this classification we followed another principle.

4. Having such properties as high intensity, coherence and directionality the laser
is a unique source of radiation.

5. Functioning as a generator, the laser is used as a source of coherent light.
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Unit 10

The Double-Heterojunction Laser

WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns

variety, layer, gain, barrier, profile, fiber.
Collocations

order of magnitude, compared with, is due to.

Exercise 2. Make nouns from the following adjectives according to the model.

Adjective + ness
thick, useful, red, great, empty, full, complete.

UNDERSTANDING A PRINTED TEXT

List of terms:

active region — akTUBHas 00J1acTh
refractive index — mokaszaTesb MPEIOMIICHUS
current (threshold) density — mao0THOCTH TOPOTOBOTO TOKA
order of magnitude — nops 0K BETUUHHBI
gain — ycuJeHue
band gap — 3amnpernieHHas 30Ha
energy barrier — sHEpreTHYeCKUuii 6apbep
optically guiding structure — onTuuecKuii BOJIHOBO/T
"nn

tails — nmuteitd (curnana), "Kpeutbsa', "XBOCTHI"
threshold current density - moporosast IIIOTHOCTH TOKA

Comprehensive reading

It was in fact after the invention of the heterojunction laser in 1969 that it
became possible to operate semiconductor lasers cw at the room temperature, thus
opening up the great variety of applications in which these lasers are nowadays used.

To illustrate its features, Fig.1 shows an example of a double-heterojunction
GaAs laser structure. In this diode there are two junctions between different
materials. The active region consists of a thin layer of GaAs. With such a diode
structure, the threshold current density for room-temperature operation can be
reduced by about two orders of magnitude compared with the homojunction device.
Thus cw operation at room temperature is made possible.

The reduction of threshold current density is due to the combined effect of
three circumstances: (1) The refractive index of GaAs (n; = 3.6) is significantly large,
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thus providing an optically guiding structure. (2) The band gap of GaAs (~ 1.5 eV) is
significantly small. Energy barriers confine injected holes and electrons within the
active layer. Thus the concentration of holes and electrons in the active layer is
increased and therefore the gain is also increased. (3) The laser beam is less strongly
absorbed. Therefore, the tails of the transverse beam profile which extend into both
the p and n regions are not so strongly absorbed there.

———Matallizatian

Gafs substrate E
- 1um r AlgyGagy Asin)
0.1-03 1em I_ IRy — Acliva region
~lum Alp oy Asip)
= lum r Gahsip Vs O Kida
. . = mAetallization
Cu heat sink s Laldar

B e T

e

Stripa width - 130um

Fig.1. Schematic diagram of a double-heterojunction semiconductor laser. The active region
consists of the GaAs (n) layer (hatched area)

Double-heterojunction lasers operating at either A = 1.3 ym or A = 1.6 um, are
now being vigorously developed.

COMPREHENSION CHECK

Exercise 1. Find in section B answers to questions in section A.
A.

1. What opened up the great variety of applications in which semiconductor lasers
are used today?

2. How many junctions are there between different materials in a double —
heterojunction semiconductor laser shown in the diagram?

3. Why is the concentration of holes and electrons in the active layer increased?
4. How many circumstances affect the reduction of threshold current density?

5. What lasers are being widely developed now?

B.
a) Itis increased because the band gap of GaAs is significantly small.

b) There are two junctions between different materials in a double —
heterojunction semiconductor laser shown in the diagram.

c) The invention of the heterojunction laser in 1969.
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d) Double — heterojunction lasers operating at either A =1.3 um or A =1.6 um

are now being vigorously developed.

e) The reduction of threshold current density is due to the combined effect of
three circumstances.

Exercise 2. Find in the text phrases from which we can understand the meaning of
the terms:

a) double — heterojunction laser;

b) the active region.

Exercise 3. Look at two similar sentences. Which one is true?
1. a) It was only in 1969 that the operation of semiconductor laser cw became
possible at any temperature.

b) It was only in 1969 that the operation of semiconductor laser cw became
possible at room temperature.

2. a) There are two junctions between different materials in a double —
heterojunction GaAs Olaser.

b) There are several junctions between different materials in a double —
heterojunction GaAs laser.

3. a) Threshold current density may be reduced by the combined effect of three
factors.

b) Threshold current density may be reduced by only one factor.
4. a) The concentration of holes and electrons in the active layer is reduced.
b) The concentration of holes and electrons in the active layer is increased.

5. a) The fact that the laser beam is less strongly absorbed may explain the
reduction of threshold current density.

b) The reduction of threshold current density may be explained by the fact that
the laser beam is more strongly absorbed.

Exercise 4. Translate into English.

1. N3obperenue rerepoauoaHoro jgasepa B 1969 romgy oTKpbUIO OTpOMHBIC
NEPCIIEKTUBBI JIs1 €r0 IPUMEHEHHUS B HACTOSIIEE BPEMSI.

2. IloporoBas TIOTHOCTH TOKA J1Jisi paOOTHI P KOMHATHOM TEMIIEPATYpPe MOKET
OBITH YMEHBIIICHA.
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3. YMeHblIeHHE TOPOTrOBOM IJIOTHOCTH TOKA OOBSICHSAETCS B3aUMOACHCTBHEM 3
OCHOBHBIX (h)aKTOPOB.

4. KonueHTpauus IbIPOK U AJIEKTPOHOB yBEINYUBACTCS.

5. Ilne#i¢d momepeunoro nmpous 1a3epHOro Jyya MPOHUKAET KaK B P-, TaK U B
n-o0J1acTu nepexoa.

6. Ceifuac akTHUBHO pa3padaTHIBAIOTCS IPYTHE TUIIBI TETEPOIIa3ePOB.

INCREASE YOUR VOCABULARY

Exercise 1. Match the synonyms.

Adjectives
1 2
1. useful a) important
2. various b) spacious
3. complete c) helpful
4. significant d) fundamental
5. basic e) different
6. extensive f) finished
g) philosophical
h) transverse
1) periodic
7) low
Exercise 2. Match the antonyms.
Adjectives
1 2
1. empty a) weak
2. thin b) theoretical
3. strong c) inert
4. different d) large
5. active e) full
6. practical f) dense
7. discharging g) energetic
h) thick
1) desirable
j) similar
LANGUAGE ACTIVITY
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Exercise 1. Define the form and the function of the Participle in the sentences
given below. Translate the sentences into Russian.

1.

S i

=

The raising temperature increases the movement of the electrons.

When making experiments we carefully put down the results.

Radio waves are emitted from a conductor carrying the alternating current.
Having been cooled the mixture was examined.

Electrons collide with many ions passing through the metal.

When calculating the weight of a body we have to multiply its specific gravity
by its volume.

Having been obtained and checked the equations are used as shown above.

8. Being pumped by another laser the colour — centre laser can successfully

operate in the near infra-red region.

In this section a wave function relating to the crystal as a whole is dealt with.

Exercise 2. Revise your knowledge of the Absolute Participle Construction.
Translate the sentences given below into Russian.

l.

The temperature being increased, the resistivity of the semiconductor
decreases.

The current in the circuit i1s decreased when the resistance is increased, other
factors remaining the same.

3. The contact being poor, on current passed through the circuit.

Radioactivity discovered, we made great progress in atomic physics.

5. The fundamental of electricity are the fundamentals of electronics, both being

branches of physics.

Almost all metals are good conductors, silver being the best conductor of all.

7. The problem having excited a great deal of discussion, a series of tests had to

be carried out.

With the concentration of holes and electrons in the active layer being
increased, the gain is also increased.

There are semiconductor diodes with single and double heterojunction, the
latter type of junction being the only one which is commonly used.
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Unit 11
X-Ray Lasers

WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns
angstrom, lithography, resolution, configuration, irradiation, length.
Verbs
determine, announce, focus, ionize.
Adjectives
coherent, three-dimensional, neutral, particular, nuclear, longitudinal.

Exercise 2. Make nouns from the following verbs according to the model and
translate them.
Verb + er/or
conduct, act, develop, generate, amplify, emit, operate, oscillate.
Verb + tion
recombine, conduct, excite, radiate, populate, direct, oscillate, vibrate,
rotate.

UNDERSTANDING A PRINTED TEXT

List of terms:

a soft X-ray laser — ;1a3ep MATKOTO pEHTTEHOBCKOTO M3TyUCHHSI

foil — ¢osnbra

to explode — B3pbIBaTH(Cs1), pacnagaThCs

coherent oscillation — korepeHTHbIE KOTeOaHUS

X-ray region — 006J1aCTh PEHTT€HOBCKOT'O U3IyUYeHHs (CIIEKTpasIbHas)
X-ray holography — penTrenoBckas rojorpadus

cell parts — yacTu KIeTKH

three — dimensional pictures — 3-x MepHBIE CHUMKH

resolution — pa3peraronias crnocoOHOCTh, pa3pelIeHre

evaporated stripe - HanblJIEHHAS TTOJIOCKA

ground electronic configuration — o0CHOBHas! 3JIEKTPOHHAsA KOHPUTYparus
natural broadening — ecTecTBeHHOE yIIMPEHHE

A (angstrdm) — anrcTpem

radiative lifetime - MpogOKUTENBHOCTD (JITTUTEILHOCTD) U3JTYUEHUS
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Scan-reading

The achievement of coherent oscillation in the X-ray region has been a dream
that is slowly but steadily coming true. The potential applications of X-ray lasers are
indeed very important: they include such possibilities as X-ray holography of cells or
the cell parts, where three-dimensional pictures with a resolution of a few angstroms
could be obtained, and X-ray lithography of semiconductor devices, where patterns
could be produced with extremely high resolution.

At the higher frequencies corresponding to the X-ray region, the linewidth is
determined by natural broadening since the radiative lifetime becomes very short.
Thus, if we go, for example, from the green (A = 500 nm) even to the soft X-ray
region (A = 10 nm) the wavelength decreases by a factor of 50.

The best results achieved so far make use of the powerful second harmonic
beam (A = 0.53 um) of the Novette laser. The beam is focused to a fine line on a thin
evaporated stripe (75 nm) of selenium on a 150-nm-thick foil. The foil could be
irradiated from one or both sides. Owing to the high intensity of this pump beam the
foil explodes and a highly ionized Se plasma is formed with an approximately
cylindrical shape of diameter. A particular constituent of this plasma is 24-times
ionized Se having the same ground electronic configuration, as neutral Ne (neonlike
selenium), and this corresponds to a particularly stable configuration.

Exploding-foil

Pump laser

beam

l

Fig. 1. Transverse irradiation geometry of a soft X-ray laser using the exploding-foil technique

With a pump configuration as in Fig.1 a strong longitudinal emission of soft X-
rays has been observed. The X-ray output energy produced was an extremely small
fraction (~ 10™°) of the pump energy.

Besides the achievement of stimulated emission in the soft X-ray region,
stimulated emission in the soft X-ray to X-ray region at A = 14 A has also been
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announced. The laser was pumped by the intense X-rays produced by a small nuclear
detonation.

COMPREHENSION CHECK

Exercise 1. Make your choice answering alternative questions.

1. Does coherent oscillation in the X-ray region find wide application or it has only a
theoretical interest?

2. Is the radiative lifetime long or short in the X- ray region?

3. Is stimulated emission observed in the extreme UV or in the far-infrared?

Exercise 2. Look at two similar sentences. Which is true and which is false?

1. a) At the higher frequencies corresponding to the x-ray region, the linewidth is

determined by natural broadening since the radiative lifetime becomes very
short.

b) Since the radiative lifetime becomes very long, at the higher frequencies
corresponding to the x-ray region the linewidth is determined by natural
broadening.

. a) Owing to quite moderate intensity of this pump beam the foil explodes and

a highly ionized Se plasma is formed.

b) The foil explodes and a high intensity of this pump beam.

. a) The x-ray output energy produced was an extremely small fraction of the

pump energy.

b) The x-ray output energy produced was an extremely large fraction of the
pump energy.

IMPROVE YOUR TRANSLATION PRACTICE

Exercise 3. Translate into English.

1.

Ceityac cTano peanbHOCTBHIO IMOJyYEHHE KOTEPEHTHOro KosiebaHUs B 00JacTH
PEHTI€HOBCKOI0 M3JIy4eHHUsS. DTO TaK Ha3bIBa€MbIil pa3ep (T.€. pEHTI€HOBCKUI
nazep).

C mnoMOoUpl0 PEHTTEHOBCKOrO Jla3epa BO3MOXXHO IOJYYHUTh TpPEXMEpHBIE
rojorpaduueckue u300pakeHUsl KJIETKH WM Jake ee yacTteil. Paspemenue
MOJTyYEHHBIX 00PA3I[0B YPE3BBIUANHO BEIUKO.

Jlyd Hakauku OYEHb BBICOKOW WHTEHCHMBHOCTM MAaJAacT HAa TOHKYIO ITOJIOCKY
CeJIeHa, HalbUIEHHYI0 Ha ciaoi ¢onbru ToamuHon 150 um. donbry obmyyaror ¢
OJIHOW WJIM C JIByX CTOPOH M OHA pacnagaeTcs Mo BO3AEHCTBUEM JTydya HAKAYKH.
Takum o00pazoMm, 00pa3yeTcsi BBICOKO HOHU3MPOBAHHAs CEJICHOBas I1a3Ma,
KOTOpas ABJISIETCSI HCTOYHUKOM BBIHYKJICHHOTO U3JIy4YEHHUS.
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4. BbIxogHasg B3HEPTrUS IMOJYYEHHOIO PEHTIEHOBCKOTO M3JIIYUYCHUS COCTABISET
OUY€Hb HEOOJIBIIYIO JIOII0 OT IHEPTUU HAKAUKHU.

5. Eme B OaHOM ciydyae Ja3epHas Hakadyka MPOU3BOAMIIACH HWHTEHCUBHBIM
PEHTIEHOBCKUM H3JIyUYE€HHUEM, TIOJYYEHHOM MIPU HEOOJIBIIIOM SIIEPHOM B3phIBE.

INCREASE YOUR VOCABULARY

Exercise 1. Match the antonyms.

Adjectives
1 2
1. stable a) accurate
2. natural b) rough
3. powerful c) different
4. fine d) unsteady
5. particular e) artificial
6. the same f) intense
7. approximate g) possible
h) weak
1) convenient
j) ordinary

Exercise 2. Read and translate the collocations given below:
three — dimensional picture

soft x — ray region

powerful second harmonic beam

thin evaporated stripe of selenium

the same ground electronic configuration

strong longitudinal emission of x-ray output energy

small nuclear detonation.

LANGUAGE ACTIVITY

Exercise 1. Summarize your knowledge of emphatic structure “It is (was) ... that”
and translate the sentences into Russian according to the model.
Example: It was a ruby crystal that was used in the first lasers.

NMeHHO pyOMHOBBIN KPUCTAILT UCIIOJIB30BAJICA B IMEPBHIX JIa3epax.

It was after my first accident that I started driving more carefully.

Tosnbko mocie cBoel MepBoit aBapyu s CTaJl €3/IUTh 00JIee OCTOPOIKHO.
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. It is in the field of communication that the laser finds its most extensive
application.

. It is only by the process known as stimulated emission that monochromatic and
coherent light can be produced.

3. Itis by meansuring the amount of ionization that radiation is usually detected.

. It was the electrons outside closed shells that determined the chemical
properties of the element.

. It was not until Réentgen discovered X—rays that scientists began to take
interest in this subject.
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Unit 12

The Free-Electron Laser

WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns
volume, structure, wiggler, expenditure, vacuum, facilities, issue, comment,
regime, efficiency, phenomenon.
Verbs
conjugate, inject, acquire, derive, oscillate, range, describe.
Adjectives
magnetic, periodic, relativistic, effective, orthogonal.

Exercise 2. Make adverbs from the following adjectives according to the model and
translate them into Russian.

Adjective + ly

previous, recent, spontaneous, transverse, longitudinal, sufficient, complete.

UNDERSTANDING A PRINTED TEXT

List of terms:

periodic structure —epuouueckas CTpyKkTypa

stimulated process — BBIHY>KJIeHHbBIN (MHIYyITUPOBAHHBIN) ITPOIIECC
e.m. field — snexkTpomMarauTHOE TOJIE

spontaneously emitted radiation — cnoHTaHHOE U3JTy4YeHHE
orthogonal plane —eprienuKyIsipHAs, OPTOTOHAIBHAS TNIOCKOCTh
e-beam accelerator — ycKOpUTEIb 3JIEKTPOHHBIX MTyYKOB

plasma waves — mia3sMeHHbIE BOJIHBI

undulator } OHJIYJISITOP
wiggler

gain curve — aMIJIUTy/JHasl XapaKTepUCTUKA
undular - BoTHOOOpa3HbIi

Reading for precise information

In this laser an electron beam moving at a speed close to the speed of light is
made to pass through the magnetic field generated by a periodic structure (called the
wiggler or the undulator) (Fig.1). The stimulated process comes about through the
interaction of the e.m. field of the laser beam with these relativistic electrons moving
in the periodic magnetic structure.
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To understand how this interaction comes about, we first consider the case of
spontaneously emitted radiation, i.e., when no mirrors are used. Once injected along
the periodic structure, the electrons acquire a wiggly motion in the plane orthogonal
to the magnetic field. The resulting electron acceleration produces a longitudinal
emission of radiation.

Input
Permanent magnet electron

Plane of
polarization
Output mirror

Fig.1. Basic structure of a free-electron laser

So far, demonstrations of FEL operation have been made on several devices
(more than 10) around the world, with oscillation wavelengths ranging from
millimeter waves up to the green region. Many more FELs are now at various stages
of planning. All these lasers require large facilities since they must make use of
sufficiently large e-beam accelerators. One of the most important issues for a FEL is
the question of its efficiency. Since the emitted frequency depends on the electron
energy the maximum energy that can be extracted from the electron is that which
shifts its energy so that the corresponding operating frequency falls outside the gain
curve. This means that the efficiency in such a device is rather limited.

Free electron lasers using e-beams of low energy and much higher currents
have also been made to operate. The electron-electron interaction becomes so strong
in this case that collective oscillatory motions (plasma waves) are induced in the e-
beam when interacting with the e.m. wave in the wiggler.

The most attractive properties of a FEL are (1) Wide tunability; (2) excellent
beam quality, close to the diffraction limit; and, potentially, (3) very high efficiency,
and thus very high laser power about 200 kW. Free electron lasers are inherently
large and expensive machines, and interest in their applications is the strongest in the
frequency ranges where more conventional lasers are not so readily available. The
potential high power capability of FEL has resulted in considerable expenditure
aimed at military applications.
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COMPREHENSION CHECK

Exercise 1. Find correct answers from section B to the questions in section A.
A.

. What should we first consider to understand how the interaction comes about?
2. Why do FELs require large facilities?
3. What is one of the most important issues for a FEL?
4. What are the most attractive properties of a FEL?
5. Are FELs really large and expensive machines?
B.

a) FELs require large facilities since they must make use of sufficiently large e—
beam accelerators.

b) The most attractive properties of a FEL are wide tenability, excellent beam
quality, very high efficiency.

¢) To understand how the interaction comes about, we first consider the case of
spontaneously emitted radiation.

d) Free electron lasers are inherently large and expensive machines.

e) One of the most important issues for a FEL is the question of its efficiency.

Exercise 2. Explain using the text:
- the term “wiggler”;
- the term “plasma waves”.

Exercise 3. Look at two similar sentences. Which one is true?
1. a) The resulting electron acceleration produces a transverse emission of
radiation.

b) The resulting electron acceleration produces a longitudinal emission of
radiation.

2. a) Demonstration of FEL operation has been made on several devices
around the world.

b) Demonstration of FEL operation has been made on more than 5 devices
around he world.

3. a) The efficiency of a FEL is rather great.
b) The efficiency of a FEL is rather limited.
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4. a) Many more free electron lasers are now at various stages of planning.

b) Many free electron lasers are of no interest since they are large and
expensive.

5. a) FELs using e-beams of low energy and much higher currents have also
been made to operate.

b) FELs using e-beams of high energy and much lower currents have also
been made to operate.

IMPROVE YOUR TRANSLATION PRACTICE

Exercise 4. Translate into English.

l.

2.

S

. Kak Tonpko

B nazepax Ha kpacuresne 3J€KTPOH CBOOOIHO JIBMXKETCSI BAOJIb IIEMIOYKH aTOMOB B
MOJIEKYJIE€, COEUHEHHOU JBOWHOM CBA3BIO.

B monynpoBoIHIKOBOM Jj1a3epe AJIEKTPOH CBOOOJIHO JABHKETCS Yepe3 BeCh 00beM
KpUCTAJLIA.

. B nmazepe Ha cBOOOJHBIX AJIEKTPOHAX, DIEKTPOHHBIN JTy4 JBUXKETCS CO CKOPOCTHIO

ONMM3KON K CKOPOCTHU cBeTa. B TakoM n1a3epe 3eKTpoH “cBO0OIEH” B TOM CMBICIIE,
YTO OH HE MPUBSI3aH HU K OJHOMY aTOMY, HU K IPYIIIIE€ aTOMOB.

Jns momydenus nazepHoro 3¢dexra B Jazepax Ha CBOOOIHBIX 3JIEKTPOHAX
UCIOJIb3YIOTCSl MOILHBIE JIEKTPOHHBIE YCKOPUTEIH.

. O PeKTUBHOCTH Ja3epOB Ha CBOOOIHBIX JIEKTPOHAX IOBOJILHO OTPaHUYEHA.

[IposionbHas CKOPOCTh ANEKTPOHA MOYTH PaBHA CKOPOCTH CBETA B BaKyyMe.
AJIEKTPOHBI  BPBIBAIOTCS B IHUKIMYECKYI0 CTPYKTYpY, OHH
npuoOpeTaroT  KoJiebaTeNbHOE  JABMKEHUE B  IUIOCKOCTH  OPTOrOHAJILHOM
MarHUTHOMY TOJIIO.

INCREASE YOUR VOCABULARY

Exercise 1. Match the synonyms.

Verbs
1 2
1. acquire a) derive
2. require b) lead
3. extract c) conform
4. shift d) cause
5. correspond e) fill
6. result in f) demand
7. induce g) combine
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h) consider

1) observe
i) gain
k) displace
Nouns
1 2
1. acceleration a) influence
2. oscillation b) region
3. range C) expenses
4. effect d) attribute
5. property e) speeding-up
6. expenditure f) emission
g) interaction
h) power
1) vibration
J) efficiency
LANGUAGE ACTIVITY

Exercise 1. Translate the sentences paying special attention to the Passive Voice
Constructions.

1. In such cases electrons are bound to a single atom or a molecule.

. The movement of electrons is influenced by the field of the wiggler magnet.

. So far, different types of semiconductor lasers have been considered.

. These quantities can be derived from Eq 3.

. Many more FELs are being developed now.

. A number of types of color — center lasers are now being used.

. Pulses as short as 5 ps have been obtained in this way.

8. Mode-locked color-center lasers have been used to generate very short pulses in
single mode fibers.

9. At T =0 K the valence band will be completely filled with electrons.

10. Semiconductor laser pumping can in principle be achieved, and indeed has been
achieved, by using either an auxiliary electron beam or the beam of another laser.

11. Laser action by stimulated emission of recombination radiation from
semiconductor p-n junctions was observed in 1962 by four groups of researchers.

NN D bW

Exercise2. Define the function of Gerund in the sentences given below. Translate
the sentences into Russian.
1. Representing the electric field by means of these lines helps us to describe the
forces which exist between the charged bodies.
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2. The experiments of the physicist resulted in making much more powerful
microscopes.

3. The process for building up of signal strength is called amplification.

4. Upon striking the earth the energy sent from the sun is either absorbed or
reflected.

5. Acceleration is found by dividing the velocity by the corresponding time.

Exercise3. Revise your knowledge of the Gerund Constructions. Translate the
sentences given below into Russian.

1. We know of some color-centers having very low fluorescence quantum efficiency.
2. Their having used a dispersive optical device to achieve coarse tuning of the lasers
1s not strange indeed.

3. Computers were appreciated for their having completely changed many fields of
human activity.

4. FELs being large and expensive resulted in their being limited by military
application.

5. FELs can’t operate without sufficiently large beam —accelerators being used.

6. Some doctors object to children’s playing computer games too often.

7. GaAs being widely used for many applications is a well known fact.

8. Now, the semiconductor lasers applications are being extended to their being used
in permanent or write —once memories of computing systems.

9. Our having accomplished our work so quickly surprised everyone.

10. Due to it’s being strongly absorbed in the p-n junction, the laser beam of the
homojunction laser doesn’t show sufficient efficiency.

Exercise 4. Translate the sentences into Russian paying attention to the Infinitive.
1. There are two important requirements to be observed here.
2. These data had to be checked twice to avoid any mistake.

3. To produce this stream of electrons a special metal electrode (emitter) is
present in every tube.

4. The materials to be used in the present-day tubes are described in this chapter.

5. In a magnetic circuit we have to consider the length of the circuit, its cross-
section and the specific quality of the material the circuit is made of.

6. The receiver must use a selective filter to minimize the effects of interference.

7. Parameters to be measured in a control experiment include density and
temperature of the charged particles in the plasma.

8. To produce frequency modulation the frequency of an oscillator must be varied
in accordance with the amplitude of an audio signal.

9. To show the dependence of solubility on temperature was the aim of our
experiment.
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10.An additional factor to be considered is the cost of the maintenance of the
cooling system.

Exercise 5. Revise your knowledge of modal verbs. Translate these sentences into
Russian having in mind the meaning of the modal verb:

can-ability, may —permission and probability, must-necessity, will-inevitability,
would-insistence.

1.The sea can be rough in the harbour.

2.A scientist may freely choose his line of research.

3.Most people can question the uncertain, only few can question the obvious.

4.Good ideas should be written down before they are forgotten.

5.A true scientist will enjoy his work more than anything else.

6.0ccasionally a machine will go wrong and it is impossible to find out what the
matter is.

7.Two basic types of semiconductor laser diode can be distinguished.

8.Free electrons lasers require large facilities since they must make use of sufficiently
large e-beam accelerators.

9.After a very short time the electrons in the conduction band will have dropped to
the lowest level in that band.

10.1t should be noted that preparation of laser crystals requires considerable care and
skill.

11.The foil could be irradiated from one or both sides.

Exercise 6. Summarize your knowledge of the Infinitive, translate the sentences
into Russian.
1. One means of rendering the surfaces of 3D objects is to produce a shadow with
incandescent light.
We then use the set of matched intersections to calculate 3D information.
To get this information, we must follow some extra steps.
The second step is to find and label intersections on the cross axes.
There seems to exist a great need to develop science which deals specially with
the problems of how the applications of science affect man.
6. To choose some form of occupation entirely different from their daily activity
is the best thing for many people to have nice rest.

b
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Unit 13

Color-Center Lasers

WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed
below. Translate them into Russian.
Nouns
variety, anion, vacancy, ion, circle, counterpart, fluorescence, quantum,
efficiency, pulse.
Verbs
constitute, pump, generate, trap.
Adjectives
efficient, foreign, adjacent, similar, continuous, synchronous.
Collocations
by virtue of, the same technique, a number of, at present, on a scale of.

Exercise 2. Make nouns from the following verbs according the model and
translate them.
Verb + ing
to pump, to process, to focus, to lock, to tune, to scatter, to broaden.
Verb + ion
to compress, to oscillate, to investigate, to operate, to indicate, to emit,
to propagate.
Verb — noun
to increase, to decrease, to trap, to center, to focus, to pump, to power,
to slope.

UNDERSTANDING A PRINTED TEXT

List of terms:

color-center laser — ma3zep Ha EHTPax OKPACKU

optically pumped laser — na3ep ¢ onTudyeckoi HaKauyKoOu

near infrared — OvoxHss MHGpakpacHas 00JacTh (CeKTpa)

the wavelength range — nuanasoH 1juH BOJH

anion vacancy — aHMOHHasl BaKaHCHUs

singly ionized counterpart — SKBUBAJICHT OJJHOKPATHO MOHW3UPOBAHHBIN; 3aMEHUTEIb
fluorescence quantum efficiency — KBaHTOBBIN BBIXO1 (PIIyOpECIIEHIIUH
broad tunability — BO3BMO>KHOCTb MEPECTPONKH B IITUPOKOM JHATIA30HE
threshold pump power(s) —toporoBoe 3Ha4€HUE MOIITHOCTU HaKa4YKH
pump beam — my4ok HaKayKu

mode locked lasers — mazep ¢ CHHXpOHU3UPOBAHHBIMUA MOJIAMU

laser emission range — 00J1acTh U3IIy4YCHUS J1a3epa
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grating — pemieTka (IuQppaKIHOHHas)

line width — mupuHa TUHUN

molecular spectroscopy — MONeKyJIsipHas CIIEKTPOCKOIHUS
propagation behavior — xapakrepucTuka pacrpocTpaHeHus
a birefringent filter — qBynyuenpenomisroriyii puibTp

a dispersive optical system — gucrneprupyroiasi OnTHIecKas CUCTeMa
coarse tuning — rpy0asi HacTpoika

fine tuning — ToyHas HacTpoika

laser crystal — ma3epHsbIil KpucTasI

laser wavelength — njmHa BOJIHBI JIa3€pHON T€HEPAIMH
pump wavelength — yirHa BOJHBI HAKAYKU

Reading and translating

A number of different types of color centers are now being used as the basis of
efficient, optically pumped lasers with broad tunability in the near infrared. At
present color-center lasers allow operation over the wavelength range 0.8-3.3 pum. On
a scale of increasing wavelength, these lasers thus take over just where the organic
dyes give up.

The ordinary color center laser consists of an electron trapped in an anion
vacancy of the crystal.

Not all color centers are good candidates for laser action, however, since some
of them have a very low fluorescence quantum efficiency.

It should be noted that the preparation of laser crystals based on different types
of color centers requires considerable care and skill.

The laser is longitudinally pumped by another laser in a configuration similar
to that used for cw dye lasers. Here the pump beam passes through the input mirror,
which has a high reflectivity at the laser wavelength and a high transmission at the
pump wavelength. Coarse tuning of the laser is usually achieved by means of a
dispersive optical system such as a prism, a grating or a birefringent filter. The fine
tuning and selection of a single mode is achieved by using one or more Fabry-Perot
etalons in the cavity. A complicating feature of color-center lasers is the need to keep
the laser crystal at cryogenic temperatures (usually T = 77 K).

We note that some color-center lasers have also been mode-locked using the
same technique of synchronous pumping as for dye lasers. Pulses as short as 5 ps and
tunable over the laser emission range have been obtained in this way.

Due to their broad tunability, their very narrow oscillation linewidth, and their
picosecond pulse capabilities, color-center lasers have found applications in areas
such as molecular spectroscopy, and investigations of propagation behavior in optical
fibers.
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COMPREHENSION CHECK

Exercise 1. Find Russian equivalents to the underlined collocations in the
English sentences.

1. Different types of color centers are now being used as the basis of optically
pumped lasers.

2. Not all colors centers are good candidates for laser action.

. Preparation of lasers crystals based on different types of color centers requires

considerable care and skills.

4. A complicating feature of color-center lasers is the need to keep the laser
crystal at cryogenic temperature.

5. Color-center lasers have found applications in molecular spectroscopy and
investigations of propagation behavior in optical fibers.

W

I- cepbe3Hblid yXOI W yMEHHE, 2 — OCHOBBI Ja3€pOB C OINTHUYECKOU
HakKaukol; 3 — Jyiazep Ha LIEHTpax oKpacku; 4 — pabota Jyazepa; 5 —
YCJIOXKHSIIOIAst 0COOEHHOCTb.

IMPROVE YOUR TRANSLATION PRACTICE

Exercise 1. Translate into English.

1.

2.

(98}

9}

Jlazeppl Ha IIEHTpaxX OKpacKd paboTalT B Auama3zoHe umH BoiHbl 0.8-3.3
MUKPOMETPOB.

OObIuHBIN F-11eHTp COCTOUT U3 DIIEKTPOHA, 3aXBAYECHHOTO B aHMOHHYIO BAaKaHCHIO
KpUCTAJLNIA.

. He Bce F-ieHTpBI mpuroMHEI A1 TTOTyYeHUS JTa3epHOTro 3 dekra.
. IlonroToBka mna3epHbBIX KpHUCTALUIOB Ha 0Oaze (ocHoBe) F-nieHTpoB Tpedyer

0OJIBIIION OCTOPOXKHOCTHU (BHUMAaHUsI) U MacTEpPCTBA.

. JIazep Ha LIEeHTpax OKpPacKu MOJABEPraeTcs MPOA0IbHON HAKAUYKe IPYTUM JIa3€pOM.
. Ans Takux Jia3epoB MOPOTOBBIE MOUIHOCTH HAKAYKH COCTABJISIIOT MOpPSIKa

HCCKOJIBKUX ACCATKOB MHUJIJIMBATT.

. CJ'IG,ZIYCT OTMCTUTBb, YTO CYHICCTBYCT TAaKIKC JIa3€p HaA LCHTPaxX OKPACKH CO

CBs3aHHBIMHU MOJaMH. B Hux HCIIOJIB3YCTCA TaKad KC MCTOIHKA CHHXpOHHOﬁ
HAaKa49KH KdK B JIa3€pax Ha KPaCHUTCIIC.

. Ha3ep1>1 CO CBJ3aHHBIMH MOJaMH CITOCOOHBI HCIIYCKAaTb O4YCHb KOPOTKHUC

HMITYJIbCBI B OJHOMOJOBOM OIITHYCCKOM BOJIOKHC.
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INCREASE YOUR VOCABULARY

Exercise 1. Match the synonyms.

Verbs
1 2
6. allow j) pass
7. act k) discover
8. find 1) show
9. investigate m) permit
10.center n) concentrate
11.transmit 0) generate
p) work
q) examine
LANGUAGE ACTIVITY

Exercise 1. Translate the sentences into Russian paying attention to the structure
*“is made to do”.

1. In this laser the electron is made to pass through the magnetic field generated by
the wiggler.

2. The first FEL_was made to operate at A=3.4 mm using the Standford University
linear accelerator.

3. Only two types of color-centres have been made to lase.

4. Mode-locked color-center lasers emitted at A=1.5 mm have been made to generate
very short pulses in single-mode fibers.

5. X-ray lasers are usually made to operate without mirrors.

6. Semiconductor lasers were made to operate cw at room temperature after the
invention of the heterojunction laser in 1969.

Exercise 2. Transform the following sentences using the Complex Object Structure
as shown below.

Model: Einstein contributed to the problems of the theory of radiation and statistical
mechanics, we know about it.

We know Einstein to contribute to the problems of the theory of radiation and
statistical mechanics.

1. Color-center lasers are widely used in scientific applications, and we know
about it.

2. Not all color centers are good candidates or laser action, the experiments have
proved it.

3. Preparation of laser crystals based on different types of color centers requires
considerable care and skills; specialists believe in it.
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)}

Semiconductor is a material having an electrical conductivity intermediate
between that of metals and insulators; every student knows about it.
Computers are able to do only what they are told, Arthur Clarke estimated it.
An electron beam moves at a speed close to the speed of light; the researches

supposed it.
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Unit 14

Laser Applications

WORD STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.

Alignment, geodetic, cauterize, lesions, missile, satellite, isotope, fusion, reduction,
1deal.

Exercise 2. Read and translate the collocations given below.

To trim microelectronic components, to heat-treat semiconductor chips, to cut fashion
patterns, trace substances, tunable dye laser, to vaporize lesions, a small fraction of a
second

UNDERSTANDING A PRINTED TEXT

List of Terms:

cauterize - MPUKUIaTh

crustal movement — nBMXEHHE 3eMHON KOPbI

dye laser — na3ep Ha kpacurene

exposure time — BpeMsi IKCIIOHUPOBAHUS

frequency shift — cnBur nmo yacrore

fusion - nnaBnexnue

heat-treat — moaBeprath TepMoOOpadOTKE

high-density information recording — BbICOKast INIOTHOCTb 3alIMCH UH(POpMAITUU
lesions - moBpexaAECHUS

low-loss optical fibers — onTuueckue BOJIOKHA ¢ HU3KUMU MTOTEPSIMU

to trim — mozipe3athb, HOPMHUPOBATH

laser-activated switches - mepexirouareny, akTUBUpyEMBIE JIa3€PHBIM U3ITyYCHHEM
earthbound communication - Ha3emHas CBS3b

vaporize lesions - ucnapstb 1e(eKThI

Reading and discussing

The use of lasers is restricted only by imagination. Lasers have become
valuable tools in industry, scientific research, communication, medicine, military
technology, and the arts.

Industry

Powerful laser beams can be focused on a small spot with enormous power
density. Consequently, the focused beams can readily heat, melt, or vaporize material
in a precise manner. Lasers have been used, for example, to drill holes in diamonds,
to shape machine tools, to trim microelectronic components, to heat-treat
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semiconductor chips, to cut fashion patterns, to synthesize new material, and to
attempt to induce controlled nuclear fusion. The powerful short pulse produced by a
laser also makes possible high-speed photography with an exposure time of several
trillionths of a second. Highly directional laser beams are used for alignment in road
and building construction.

Lasers are used for monitoring crustal movements and for geodetic surveys.
They are also the most effective detectors of certain types of air pollution. In
addition, lasers have been used for precise determination of the earth-moon distance
and in tests of relativity. Very fast laser-activated switches are being developed for
use in particle accelerators, and techniques have been found for using laser beams to
trap small numbers of atoms in a vacuum for extremely precise studies of their
spectra.

Scientific Research

Because laser light is highly directional and monochromatic, extremely small
amounts of light scattering or small frequency shifts caused by matter can easily be
detected. By measuring such changes, scientists have successfully studied molecular
structures. With lasers, the speed of light has been determined to an unprecedented
accuracy, chemical reactions can be selectively induced, and the existence of trace
substances in samples can be detected.

Communication

Laser light can travel a large distance in outer space with little reduction in
signal strength. Because of its high frequency, laser light can carry, for example,
1,000 times as many television channels as are now carried by microwaves. Lasers
are therefore ideal for space communications. Low-loss optical fibres have been
developed to transmit laser light for earthbound communication in telephone and
computer systems. Laser techniques have also been used for high-density information
recording. For instance, laser light simplifies the recording of a hologram, from
which a three-dimensional image can be reconstructed with a laser beam.

Medicine

Intense, narrow beams of laser light can cut and cauterize certain tissues in a
small fraction of a second without damaging the surrounding healthy tissues. They
have been used to "weld" the retina, bore holes in the skull, vaporize lesions, and
cauterize blood vessels. Laser techniques have also been developed for lab tests of
small biological samples.

Military Technology

Laser guidance systems for missiles, aircraft, and satellites are commonplace.
The use of laser beams against hostile ballistic missiles has been proposed, as in the
defence system urged by US President Ronald Reagan in 1983. The ability of tunable
dye lasers to excite selectively an atom or molecule may open up more efficient ways
to separate isotopes for construction of nuclear weapons.
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Laser Safety

Because the eye focuses laser light as it does other light, the chief danger in
working with lasers is eye damage. Therefore, laser light should not be viewed,
whether it is direct or reflected. Lasers should be used only by trained personnel
wearing protective goggles.

CHECK YOUR UNDERSTANDING

Exercise 1. Find the suitable endings of the following sentences.

Laser light can travel a large distance in outer space with ...
The devices known as masers and lasers serve as ...

The first space flight became possible due to ...

The researchers invited scientists to the conference to ...
Semiconductor lasers have already used in ...

Nk W=

a) demonstrate their first optical quantum generator.
b) the efforts of many scientists.

c) different fields of application.

d) generators and amplifiers of radiation.

e) little reduction in signal strength.

Exercise 2. Translate the passage “Military Technology” and discuss the topics.

1. What do you think about missile defense systems situation in Russia and the
USA?
2. What other (not mentioned in the texts) uses of laser do you know?

INCREASE YOUR VOCABULARY

Exercise 1. Read English words and collocations and find Russian equivalents to
them.

1 2

1. nuclear weapons a) CIBWT IO 4acTOTE

2. fusion b) nazepHsblil 1y4

3. tunable dye laser C) cHUcTeMa 3allUTh

4. frequency shift d) Bpems
DKCIIOHUPOBAHUS

5. defency system €) MHTCHCUBHOCTH

6. lesions f) nnaBneHue

78



7. exposure time g) NOBPEXKJICHUE

h) snepHoe opyxue

1) mepecTpanBaeMbli
Ja3ep Ha KpacuTese

Exercise 2. Translate the following word combinations with Participle Il as an
attribute.

focused beams

powerful short pulse produced by
very fast laser-activated switches
small frequency shifts caused by
in the defence system urged by
trained personnel

LANGUAGE ACTIVITY

Two or more nouns can be combined in several ways.
1. ‘s possessive (SOL’s owner)
2. one noun used as adjective (office hours)
3. phrases with "of" (independence of mind)
4. compound nouns forming one word (workplace)

Reread the chapter "Lasers' and write noun combinations under the following

four headings:

‘s possessive one noun used  phrases with "of" compound nouns forming
as adjective one word

Exercise 1. Find Russian equivalents to English Participles Il given as attribute.
1. computers appreciated for their efficiency
a) OIICHUBAIOIIHE
b) oneHmIM
C) OIICHUBaeMbIC

2. different semiconductor lasers considered
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b) paccMoTpeHHBIC
C) paccMOTpenu
d) paccmarpuBaroriue

3.

frequency shift caused by matter

a) BbI3BaHHBII
b) BEI3BIBACT
C) BBbI3BAI

4. controlled nuclear fusion
a) KOHTPOJIbHBIN

b) KOHTpOAUpPYEMBIii

C) KOHTPOJIMPYIOUIUH

5.

the defence system urged by ...

a) BbI3BaHHAas
b) BbI3BaHA
C) BbI3BIBAIOIIAS

Exercise 2. Put the verbs in brackets into the correct form.

1.

If you had read the article carefully, you (be able) to answer the question.

2. Work at the University would have been much easier for you, if you

e

Nk =

(follow) basic principles of study.

. If you (not be) a self-confident person, you wouldn't have made so many

mistakes.
I would have agreed with you, if you (have) all necessary proofs.
If you (listen) to me, you would have succeeded.

a) would be able b) was able c) would have been able
a) had followed b) would follow c¢) would have followed
a) had been b) hadn't been c¢) have been

a) had had b) had c) have

a) listened b) listen c¢) had listened
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SUPPLEMENTERY TASKS
IMPROVE YOUR TRANSLATION PRACTICE
Exercise 1. Translate the text into English using words given below.

IIpoO6uBKa oTBepCTHIl B 4aCOBBIX KAMHSIX

OgHuM U3 TEepBbIX MPUMEHEHUH sa3epoB Obula MPOOMBKAa OTBEPCTHM B
yacoBbIX KamHsX. CBepieHuMe OTBEpCTUH Bcerga ObUIO OYEHb TPYAOEMKOM
onepanuen. CoBpeMeHHas Ja3epHas TEXHOJIOTHS IO3BOJISIET NMPOLIMBATH OTBEPCTHS
TpeOyeMoil GOpMbI B KAMHSIX Pa3JIMYHBIX TUIIOB C BBICOKOW CKOPOCTHIO U KaYECTBOM.

JlazepHas cBapka

OgHuM U3 TEepBbIX MPUMEHEHUN J1a3epOB B IOBEJMPHON OTpaciau ObUIH
Oomnepalry PEMOHTA PA3JIMYHBIX U3JIEJIUM C IMOMOIIBIO JIa3epHOU cBapku. [Ipumepom
IPUMEHEHUS B MAaCCOBOM ITPOU3BOJICTBE JIA3EPHON CBAPKH SIBJISIETCS JIa3€pHasi CBapKa
nene mnpu ux MNpousBoAcTBE. (OCOOEHHOCTBIO 3TOr0 Ipolecca SBISETCS €ro
JBYX3TAIHOCTh: CHadaya (OopMUpPYyETCs LENOYKa, MOTOM IPOU3BOJMUTCA €€ IaiKa
TPaAULIMOHHBIMU MeTOoJIaMu. JlazepHas TEXHOJIOIUS MO3BOJISIET IPOU3BOAUTH CBApKY
3BEHA IIeNH MpHU €ro (OPMUPOBAHUU HA OJHON TEXHWYECKOW OINEpalvu U OJHOM H
TOM k€ 000pyJI0oBaHMU. BriepBble Takas TeXHOJOrus Obuia pazpaboTaHa JJis CBAPKU
30JI0TBIX LEMOYeK HTalbsHCKOM Qupmoin Laservall. IIpeumymiectBo na3epHoit
CBapKd — JIOKAJIBHOCTh BBOJA TEIJIa, HU3KME MOTEPU Marepuana IpU CBapke,
BO3MOXHOCTh COEIMHEHUSl JAeTaliel, NpaKTU4YeCKH Oe3 HarpeBa BCEro H3AeNus
LEJTUKOM.

to make a hole

to drill
labour-consuming
jewels (4acoBbIe KaMHH)
chain
manufacture
soldering
two-step

9. welding

10. chain section

11. jewellery

12. advantages

13. low losses

14. heating.

PN R LD =
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Exercise 2. Translate into English using key words given below.

.JIEBGPLI B M€IUIINHE

OnHUM 13 KpyHMHEUIIUX OTKPBITHM MPOLIOTrO BEKA SIBIISIFOTCS J1a3€PBbI.

Jlazepbl - 3TO KBaHTOBBIE TI'€HEPATOpPHl ONTHYECKOTO JMana3oHa WIH IPOCTO
re’eparopsl cBera. Jlazephl MpeACTaBsOT COOOM MCTOYHUKHM CBETa, pabOTalolUe Ha
0aze mporiecca BBIHYXKICHHOTO MCIYCKaHUs (POTOHOB BO30OY>KJICHHBIMU aTOMaMH WM
MOJIEKYJIaMH TI0J] BO3JIeCTBUEM (DOTOHOB U3ITYyUYEHUS], UMEIOIINX TY K€ YacTOTY.

B cpaBHUWTENBHO KOPOTKOE BpeMs MOSBWINCH PA3JIMYHBIE THIIBI JIA3€POB U
Ja3€pHBIX YCTPOMCTB, IPEIHA3HAYCHHBIX JJISl PEIICHUS KOHKPETHBIX HAy4YHBIX MU
TEXHUYECKUX 3ajad. lIpuHATO pasauyare [Ba THIA Ja3€poOB: YCHIUTENH H
reHepaTopsl. BTopoii moaxon k kiaccuukanuy J1la3epoB CBSi3aH € (PU3UYECKUM
COCTOSIHMEM aKTUBHOTO BemiecTBa. C 3TOM TOYKM 3pEeHHUSA Jia3epbl OBIBAIOT
TBEPAOTEIbHBIMH, I'a30BbIMH, )KUJIKOCTHBIMH, MOTYIPOBOAHUKOBBIMH.

B Hacrosiiiee Bpemst B OOJIBIIIMHCTBE CTpaH MUpa HAOMIOJAETCS HUHTEHCHBHOE
BHEJIPEHUE JIA3€PHOT0 U3TYyUYEHUS] B OMOJIOrMUECKUX UCCIEAOBAHUAX U B PAKTUYECKOM
mequiubae.  Knunudeckue — HaOmogeHus — mnokazanu  3¢G@(EKTUBHOCTh  Jiazepa
yIbTpaUOJIETOBOIO, BUIUMOIO W HH(PPAKPACHOTO CHEKTPOB JJsi MECTHOIO
IPUMEHEHUSI Ha MAaTOJOITMYECKUM oOdYar W JJIs BO3JCHCTBUS HA BECh OPraHU3M.
HckmounTenpHble CBOWCTBA J1a3€pOB IMPUBJIEKIM BHUMAaHUE XUPYproB. Oka3bIBaeTcs,
YTO JIydY Jia3epa C YCIIEXOM MCHOJb3yeTcs B KaudecTBe ckaibnens. 1lo cpaBHeHHro c
OOBIYHBIM TAaKOW CKaJIbIENb OOJIaZaeT PAIOM JOCTOMHCTB: HAAEKHOCTh B padoTe,
a0COJIOTHAs CTEPHIIBHOCTD, TPOM3BOMT IOUTH OECKPOBHBII pa3pes U T.J.

JlazepHbIl JIyd HaWJIET NPUMEHECHHUE B KAYECTBE ITPUIKUTAOIIEIO MHCTPYMEHTA
1151 00pabOTKM KOXKHBIX HOBOOOPA30BaHU 1 MOBPEXKICHUH.

Hpyrumu o0nacTsIMH, B KOTOPBIX MPEIOKEHO HCHOJIb30BaTh Ja3ep, SBISOTCA:
jedeHne 3yOoB MyTEM HCIapeHHs MOPAKEHHBIX KAPUECOM yacTeid 3yda, 00ecIBeUnBaHUE
TaTyHUPOBOK U APYTUX MOTJIOMIAIOIINX 1€()EKTOB KOXKH.

UccnenoBanusi,  JAEMOHCTPUPYIOLIME  MOTEHLUHAIbHBIE  BO3MOXKHOCTH
OPUMEHEHHUs JIa3epOB B MEIUIMHE, IMOKAa HAXOAATCS HA HayalbHOM CTaauM, U
pa3BUTHE 3TUX 00JacTeil TpeOyeT ATUTETHHBIX TOUCKOB BO MHOTHX HAIPaBJICHUSX.

ONTUYECKUI TMana3oH - optical range

BBIHY>KJICHHOTO - stimulated

B CPaBHUTEJILHO KOPOTKOE BpeMs - in rather short time

ycunutenu - amplifiers

(bu3nUecKuM COCTOSTHIEM aKTHBHOTO BelecTBa - a physical condition of active
substance.

B OOJIBIIMHCTBE CTpaH Mupa - in the majority of the countries of the world
MHTEHCUBHOE BHEAPEHHUE - intensive introduction

CBOIICTBA - properties

xupypr - the surgeon

noBpexJieHus - damages
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Je4yeHne 3y00B MOpaXEHHBIX KApUECOM yacTel 3y0a IyTéM hcnapeHus - treatment of
teeth by evaporation of the parts, struck with caries.

Exercise 3. Translate into Russian the following texts in writing. Write down key-words from
the texts.

How a Laser Works
The Basics of an Atom

Everything we see within the Universe is made up of an infinitesimally large
number of combinations of the 100 different kinds of atoms. The arrangement and
bonding of these atoms determines what material/object they constitute.

Atoms are constantly in motion. They continuously vibrate and move.
Although all atoms are vibrating to a degree, atoms can be in a different state of
excitation (i.e. they can have different levels of energy). If a large degree of energy is
applied to an atom then it can leave what is referred to as ground-state energy level
and go to an excited level. The level of excitation is proportional to the amount of
energy applied.

A simple atom as shown in Figure 1 consists of a nucleus, which consists of
protons and neutrons and what is often referred to as an electron cloud. For a
simplistic interpretation of the atom model it is easy to think of the electrons within
the electron cloud following discrete paths or orbits within the cloud. This analogy
suits our purpose as we can then consider these orbits to be the different energy levels
that make up the atom. If we add some form of energy to the atom we can assume
that electrons from the lower-energy orbitals will transfer to the higher-energy
orbitals at a greater distance from the nucleus, resulting in a higher level of
excitation.

Electron Nucleus orbit

Fig.1. Simple Atom Model

When atoms reach a higher-energy orbital they eventually seek to return to the
ground-state energy level. Upon returning to the ground-state energy level the excess
energy is released in the form of a photon - a particle of light.

The Connection Between Atoms and Lasers

A laser is a device that controls the way in which energised atoms release
photons. There are many different types of laser available; all the different types of
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laser rely on the same basic elements. In all types of laser there is a lasing medium,
which is pumped to get the electrons within the atoms to a higher-energy orbital i.e.
to get the atoms excited. Typically, very intense flashes of light or an electrical
discharge pump the lasing medium and create a large number of excited-state atoms.
This creates a high degree of population inversion (the number of excited state atoms
versus the number of atoms at ground-state energy level). At any stage the excited
state atoms can release some of the energy and return to a lower-energy orbital. The
energy released, which comes in the form of photons, has a very specific wavelength
that is dependant on the level of energy of excitation of the electron when the photon
is released. Two identical atoms with electrons in identical states will release photons
with identical wavelengths. This forms the basis for laser light.

Laser light has the following properties:

e Laser light is monochromatic. It contains one specific wavelength of light,
which as described earlier is determined by the amount of energy released when the
electron drops to a lower-energy orbital.

e Laser light is coherent. Each photon moves in step with the other (i.e. all
photons have wave fronts that move in unison).

o Laser light is highly directional (i.e. a laser beam is very tight and
concentrated).

Any photon that has been released by an atom, (which therefore has a wavelength,
phase and energy level dependant on the difference between the excited atom state
and the ground-state energy level) should encounter another atom that has another
electron in the same excited state, thus stimulated emission can occur. The first
photon can stimulate or induce atomic emission so that the emitted photon vibrates
with the same frequency and direction.

UNDERSTANDING PRINTED TEXTS
Exercise 5. Read the text and underline the topic sentence.

Lasers in Communication

Fiber optic cables are a major mode of communication partly because multiple
signals can be sent with high quality and low loss by light propagating along the
fibers. The light signals can be modulated with the information to be sent by either
light emitting diodes or lasers. The lasers have significant advantages because they
are more nearly monochromatic and this allows the pulse shape to be maintained
better over long distances. If a better pulse shape can be maintained, then the
communication can be sent at higher rates without overlap of the pulses. Telephone
fiber drivers may be solid state lasers consuming power of only half a milliwatt. Yet
they can sent 50 million pulses per second into an attached telephone fiber and
encode over 600 telephone conversations.
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Exercise 6. Translate the text and entitle it.

Laser cutters are credited with keeping the U.S. garment industry competitive
in the world market. The programmed cutter can cut dozens to hundreds of
thicknesses of cloth, and can cut every piece of the garment in a single run. The
usefulness of the laser for such operations comes from the fact that the beam is highly
collimated and can be further focused to a microscopic dot of extremely high energy
density for cutting.

Exercise 7. Read the text given below and answer in what abstract can you find the
information about:

a) holography;

b) using of laser beams in building construction;

c) computing the distance to the Moon.

Laser uses

1. Eye surgeons can use laser beams to "weld" detached retinas back onto
the eyeball without cutting into the eye. The laser beam is directed onto the
retina through the pupil of the eye. Scar tissue forms at the impact site of the
laser beam and at that point fastens the retina to the inner surface of the eye.

2. Laser beams have been used for industrial purposes. The diamond dies
through which extremely thin wire filaments are drawn can be drilled with a laser
beam. The already narrow beam of light can be further reduced to a diameter of
less than 0.001 inch. The energy concentrated in this tiny beam is known to be
sufficient to cut through diamond.

3. Laser beams are sometimes used as reference points in building
construction. They accurately mark straight lines along the course of large
buildings. A laser beam is used by scientists to detect whether portions of a two-
mile-long particle accelerator in Stanford, California, move out of alignment.

4. Three-dimensional images can be produced by laser beams. Holography,
or laser photography, relies on the coherent beam of laser light to produce a
hologram, a three-dimensional information record of an object on photographic
film. A portion of a laser beam is reflected off the object and into the path of a
reference beam of unreflected laser light. The interaction of the two beams
produces a unique interference pattern in the film. When another laser beam is
aimed through the hologram's interference "picture," a three-dimensional image
of the original object is reconstructed.

5. The distance between the earth and the moon has been measured
accurately by means of a laser beam. Scientists recorded the time taken for a laser
beam to bounce off a reflector placed by astronauts on the moon. Knowing the
speed of light in a given period of time, scientists were able to compute the
distance with accuracy.
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Exercise 8. Read and entitle the text.

To produce laser light it is necessary to have a pair of mirrors at either end of
the lasing medium. These mirrors are often known as an optical oscillator due to the
process of oscillating photons between the two mirrored surfaces. The mirror
positioned at one end of the optical oscillator is half-silvered, therefore it reflects
some light and lets some light through. The light that is allowed to pass through is the
light that is emitted from the laser. During this process photons are constantly
stimulating other electrons to make the downward energy jump, hence causing the
emission of more and more photons and an avalanche effect, leading to a large
number of photons being emitted of the same wavelength and phase.

Below is a graphical illustration of what has been detailed above. The graphics
illustrate how laser light is created using a ruby laser, the first fully functioning laser.
Theodore Maiman invented the ruby laser on May 16th 1960 at the Hughes Research
Laboratories.

Mmmd surface

Partially mimored

Fig.1. Schematic of Laser in Non-Lasing State
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Fig.4. Schematic Showing the Stimulated Emission of Further Photons

Fig.5. Schematic Showing Column of Laser Light Leaving Optical Osculate
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Chapter 111
Fiber Optics

Unit 15
The History of Fiber Optics

WORD STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns
atmosphere, facsimile, fountain, semaphore, spectrum, turbulence.
Verbs
confine, illustrate, install, languish, mount.
Adjectives
analogous, dielectric, inaccessible, transparent.

Exercise 2. Make adverbs from the following adjectives according to the model and
translate them.
Adjective + -ly = adverb

a) careful — carefully
experimental, essential, practical, total, virtual
b) simple — simply
gentle, probable, suitable, terrible
c) easy — easily
lazy, noisy
d) complete — completely
efficient, brilliant, effective, ultimate

Adjective + -ally = adverb
e) heroic — heroically

atomic, automatic, tragic, analytic, symbolic
UNDERSTANDING A PRINTED TEXT

List of Terms:

bandwidth — nuanason

bundle of optical fibers — onToBoOKOHHBIN Kabelb
decode — nexoaupoBaTh, pacimrppoBLIBAThH
glass-clad — BOJIOKHO CO CTEKJITHHBIM MOKPBITHEM
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fused silica — kBapueBoe cTeKI0

melting point — TOYKa MJIaBICHUS

one waveguide mode —0THOBOTHOBAsI MO/ia KOJieOaHUM
optical-frequency amplifier — ycunurenb onTHYECKUX YaCTOT
phenomenon of total internal reflection — 3ppexT noaTHOr0 BHYTPEHHETO OTPAKEHUS
theoretical specification — Teoperuueckue yciaoBus (crienupuKaIyim)
transparent — Ipo3pavyHbIi

world’s long-distance traffic — mexxaynapoaHoe coobiieHue

core — cep/IleBUHA

hollow pipes - mosbie TpyOKH

transparent rods - mpo3padHbIe CTEPKHH

wire - MpoBO/I, TPOBOJIOKA

jet — cTpys

relay — nepenaBath

rode — cTepKeHb, pplyar

turbulence - 6ecniokolicTBO

Reading and discussing

Optical communication systems date back more than two centuries to the
"optical telegraph" that French engineer Claude Chappe invented in the 1790s. His
system was a series of semaphores mounted on towers, where human operators
relayed messages from one tower to the next. It reduced the need in hand-carried
messages, but by the mid-19th century it was replaced by the electric telegraph.

Alexander Graham Bell patented an optical telephone system, which he called
the photophone, in 1880, but his earlier invention, the telephone, proved far more
practical. He dreamed of sending signals through the air, but the atmosphere didn't
transmit light as reliably as wires carried electricity. In the decades that followed, light
was used for a few special applications, such as signalling between ships, but
otherwise optical communications, like the experimental photophone Bell donated to
the Smithsonian Institution, languished on the shelf.

In the intervening years, a new technology slowly took root that would
ultimately solve the problem of optical transmission, although it was a long time
before it was adapted for communications. It depended on the phenomenon of total
internal reflection, which can confine light in a material surrounded by other materials
with lower refractive index, such as glass in air. In the 1840s, Swiss physicist Daniel
Collodon and French physicist Jacques Babinet showed that light could be guided
along jets of water for fountain displays.

Optical fibres went a step further. They were essentially transparent rods of
glass or plastic stretched so they were long and flexible. During the 1920s, John Logie
Baird in England and Clarence W. Hansell in the United States patented the idea of
using arrays of hollow pipes or transparent rods to transmit images for television or
facsimile systems. However, the first person known to have demonstrated image

89



transmission through a bundle of optical fibres was Heinrich Lamm, then a medical
student in Munich. His goal was to look inside inaccessible parts of the body. During
his experiments, he reported transmitting the image of a light bulb.

By 1960, glass-clad fibres fine for medical imaging were made, but they didn’t
match communication purposes.

Meanwhile, telecommunications engineers were seeking more transmission
bandwidth. Radio and microwave frequencies were in heavy use, so they looked to
higher frequencies to carry loads they expected to continue increasing with the growth
of television and telephone traffic.

The next step towards optical communications was the invention of laser. The
July 22, 1960 issue of "Electronics" magazine introduced its report on Theodore
Maiman's demonstration of the first laser by saying "Usable communications channels
in the electromagnetic spectrum may be extended by development of an experimental
optical-frequency amplifier." But rain, haze, clouds, and atmospheric turbulence
limited the reliability of long-distance atmospheric laser links. Optical wave-guides
proved to be a problem.

Optical fibres had attracted some attention because they were analogous in
theory to plastic dielectric wave-guides used in certain microwave applications. In
1961, Elias Snitzer demonstrated the similarity by drawing fibres with cores so small
that they carried light in only one waveguide mode. However virtually everyone
considered fibres too lossy for communications.

In 1964, a critical (and theoretical) specification was identified by Dr. C.K. Kao
for long-range communication devices, the 10 or 20 decibels of light loss per
kilometer standard. Kao also illustrated the need for a purer form of glass to help
reduce light loss.

In 1970, one team of researchers began experimenting with fused silica, a
material capable of extreme purity with a high melting point and a low refractive
index. Corning Glass researchers Robert Maurer, Donald Keck and Peter Schultz
invented fiber optic wire or "Optical Waveguide Fibers" capable of carrying 65,000
times more information than copper wire, through which information carried by a
pattern of light waves could be decoded at a destination even a thousand miles away.
The team had solved the problems presented by Dr. Kao.

The first optical telephone communication system was installed about 1.5 miles
under downtown Chicago in 1977, and each optical fiber carried the equivalent of 672
voice channels. Today more than 80 percent of the world's long-distance traffic is
carried over optical fiber cables, 25 million kilometers of the cable Maurer, Keck and
Schultz designed has been installed worldwide.

Today more than 80 percent of the world's long-distance traffic is carried over optical
fiber cables.
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CHECK YOUR UNDERSTANDING

Exercise 1. What statement could be an answer to the questions given below?

Exercise 2. Topics for discussion.

1. What is known about the invention of the optical telegraph?
2. Why didn't Bell's optical telephone system find wide application?
3. What goal did Heinrich Lamm set working on image transmission through

optical fibers?

4. How did the invention of laser effect optical communications?

a) The reason was that the atmosphere didn't transmit light as reliably as wires

carried electricity.

b) Today more than 80 percent of the world’s long-distance communication

is carried over optical fiber cables.

c) It reduced the need in hand-carried messages from one tower to the other.
d) The goal was to look inside inaccessible parts of the human body through

bundle of optical fibres.

1. Why do you think that the development of fibre optics took such a long time?
2. Why is it possible to call the development of fibre optics a key for world's
communications?

INCREASE YOUR VOCABULARY

Exercise 1. Compare two columns and find Russian equivalents to English word
combinations.

I.
2.
3.

&

90N A

relayed message
fused silica
theoretical specifications

bundle of optical fibers

total reflection

refrective index

melting point
optical-frequency amplifier
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a) TOJHOE OTPAXKEHUE

b) onTOBOJIOKOHHEIN Kabelb

C) MmokazaTesb
TIPEIIOMIICHUS

d) oxHOBOJIHOBas MOja
KoJieOaHun

€) TepeaHHOe COOOIIeHUE

f) ycumuTens onTUYeCKUX
4acTOT

g) TEOPETUYECKUE yCIIOBUS
h) Touka miaBneHus



1) TJIaBJICHBINA KBaPI]

j) TmoJsble TpyOKu

k) kputnueckas
TeMIepaTrypa

Exercise 2. Match the synonyms.

Verbs
1 2
1. carry a) present
2. adapt b) take
3. introduce c) show
4. amplify d) move along
5. apply e) make
suitable
6. demonstrate f) intensify
g) reduce
h) use
LANGUAGE ACTIVITY

Exercise 1. Summarize your knowledge of the Conditional Sentences and translate
the sentences into Russian.

I.
2.

3.

4.

5.
6.

If I had more time I should complete the experiment.

If we had known the dimensions of the body we should have calculated its
volume.

Had we visited this research institute we should have seen a new model of the
system.

Semaphores wouldn’t have reduced the need in hand-carried messages, if they
hadn’t been replaced by the electric telegraph.

If you carry out this experiment you will learn much useful information.

If we didn’t raise the temperature, we shouldn’t increase the pressure.

Exercise 2. Complete the sentences given below.

SIS

I would have told her the latest news, if I ... .
They would be very glad, if you ... .

If I were you,I....

If they came to see us one of these days, we ... .
If you stayed with us a little longer, you ... .
Had I met him before, I ... .
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Exercise 3. Summarize your knowledge of the Sequence of Tenses and find the
correct form of the verb.

1. My friend said that he (a -works, b — worked) at the library.

2. Everybody in my family knew I (a — am walking, b — was walking) in the
garden after breakfast.

3. The director was informed I (a — have graduated, b — had graduated) already
from the University.

4. It were the most beautiful buildings I (a — had ever seen, b — have ever seen)
before.

5. My colleagues said they (a — would make, b — will make) all their best to help
me.

Exercise 5. Summarize your knowledge of non-finite forms and define the form of
underlined words: Infinitive (a), Participle I (b), Participle II (¢), Gerund (d).

1. Typing articles in the newspaper we inform our readers about the newest
events.

2. The articles typed in our last newspaper were about the serious problems of

education.

The article being typed now will be published tomorrow.

The readers criticize our typing not always interesting articles.

In spite of lack of time we are to type these articles just today.

Having been typed in our last newspaper, the article was much spoken about.

SNk W

Exercise 6. Compare two columns and find Russian equivalents to word
combinations from the sentences above.

1. typing articles... a) HameyaTaHHbIE CTaTbU

2. the articles typed b) MBI JOJKHBI HaNeyaTaTh

3. the article being typed C) medyaras CTaThH...

4. our typing ... d) craThs, KOoTOpas neyaraercs
cenyac

5. we are to type €) 4YTO MBI IIEYaTaeM...

6. having been typed... f) mocine Toro, Kax ... OblIa
HarieyaTaHa
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Unit 16
Fiber Optic Systems

WORD STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Nouns

contaminant, cladding, interface, abrasion, germanium, utility.
Verbs

bounce, shield, channel, convert, tunnel, replace, transmit.

Exercise 2. Read and translate the following collocations.
Outer jacket, strength material, coded electronic pulse information, total internal
reflection, injection-laser diode.

Exercise 3. The following groups of words are all related in meaning because they
have the same roots. Notice the suffixes indicating nouns.

Verbs Nouns

transmit transmitter, transmission
receive receiver, receivership
inform informer, information
translate translator, translation
reflect reflector, reflection
construct constructor, construction
contribute contributor, contribution
advertise advertiser, advertisement
employ employer, employment

UNDERSTANDING A PRINTED TEXT

List of Terms:

abrasion — MEXaHHYECKHE ITOBPEIKICHUS TIOBEPXHOCTH, TPEHUE
angle of incidence — yron nanenus

buffer material — OydepHbIit MaTepuan

critical value — kpuTHueckoe 3HaUeHNE

electric utility company — anexTpuueckas ObITOBas KOMIAHHS
extremely reflective surface — mOBepXHOCTH C BEICOKUM OTPaKEHHUEM
injection-laser diode (ILD) — nH>XeKIIMOHHBIN Ja3epHBIN U0
interface — unTepdeiic, CThIK

light-emitting diode (LED) — cBeToauon
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optic cladding — ontrnyeckoe mokpwITHE, 000T0UYKA

optic core — cepAIeBruHA ONITUYECKOTO BOJIOKHA

outer jacket — BHeIlIHee MOKPBITHE, BHEIIHUM CIIOM, KOKYX
receiver — MPUEeMHHK

solvent — pa3benanue, KOPpO3usl, PACTBOPHUTEIb

strand — My4oK BOJIOKOH, Ka0Oelb

terrestrial hardwired systems — Ha3eMHBIE JIEKTPOHHBIE CUCTEMBI
transmitter - nepegaTanuKk

transmission medium — nepearorias cpeaa

Scan-reading

In recent years it has become apparent that fiber optics is steadily replacing
copper wire as an appropriate means of communication signal transmission. Fiber
optic systems are currently used most extensively as the transmission link between
terrestrial hardwired systems. They span the long distances between local phone
systems as well as other system users which include cable television services,
university campuses, office buildings, industrial plants, and electric utility companies.

Fiber-Optic Technology

A fiber-optic system can generally be seen as a system with three main
components: a transmitter, a transmission medium and a receiver. As a model it is
similar to the copper wire system that fiber optics is replacing. The difference is that
fiber optics uses light pulses to transmit information down fiber lines instead of using
electronic pulses to transmit information down copper lines. Looking at the three main
components in the fiber optic chain will give a better understanding of how the system
works in conjunction with wire based systems.

At the head end of the chain is the transmitter. This is the place of origin for
information coming on to fiber optic lines. The transmitter accepts coded electronic
pulse information coming from copper wire. It then processes and translates that
information into equivalently coded light pulses. A light-emitting diode (LED) or an
injection-laser diode (ILD) can be used for generating the light pulses. Using a lens,
the light pulses are tunneled into the fiber-optic medium where they transmit
themselves down the line.

Light pulses move easily down the fiber-optic line because of a principle known
as total internal reflection. This principle of total internal reflection states that when
the angle of incidence exceeds a critical value, light cannot get out of the glass;
instead, the light bounces back in. When this principle is applied to the construction of
the fiber-optic strand, it is possible to transmit information down fiber lines in the
form of light pulses.

There are generally five elements that make up the construction of a fiber-optic
strand, or cable: the optic core, optic cladding, a buffer material, a strength material
and the outer jacket. The optic core is the light carrying element at the center of the
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optical fiber. It is commonly made from a combination of silica and germanium.
Surrounding the core is the optic cladding made of pure silica. It is this combination
that makes the principle of total internal reflection possible. The difference in
materials used in the making of the core and the cladding creates an extremely
reflective surface at the point in which they interface. Light pulses entering the fiber
core reflect in the core cladding interface and thus remain within the core as they
move down the line.

Surrounding the cladding is a buffer material used to help shield the core and

cladding from damage. A strength material surrounds the buffer, preventing stretch
problems when the fiber cable is being pulled. The outer jacket is added to protect
against abrasion, solvents, and other contaminants.
Once the light pulses reach their destination they are channeled into the optical
receiver. The basic purpose of an optical receiver is to detect the received light
incident on it and to convert it to an electrical signal containing the information
impressed on the light at the transmitting end. In other words the coded light pulse
information is translated back into its original state as coded electronic information.
The electronic information is then ready for input into electronic based
communication devices such as a computer, telephone or TV.

COMPREHENSION CHECK

Exercise 1. Answer the following questions.

1. What is the purpose of fiber optic systems?

2. What are three main components of a fiber optic system?

3. How does a transmitter work?

4. How is a fiber optic cable constructed?

5. What is the purpose of an optical receiver and how does it work?
6. What is fiber optics replacing as a means of signal transmission?

Exercise 2. Topics for discussion.
1. Advantages of fiber optic systems.
2. Usage of fiber optic systems.

INCREASE YOUR VOCABULARY

Exercise 1.
a) Match nouns from the left column with their Russian equivalents from the
right column.

1. abrasion a) nepeaTdyuk
2. interface b) pacTBOpuUTEIH
3. transmitter c) kabeib

4. solvent d) Tpenue
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5. strand €) UMITYJbC
value f) manmenwue

7. incidence g) MPUEMHUK
h) creIK
1) BeJIMYMHA, 3HAUECHUE

S

b) Match collocations from the left column with their Russian equivalents from
the right column.

1. copper wire a) mepeparouas cpeaa

2. basic purpose b) ocHOBHas 1ETH

3. reflective surface C) CepJIeBHHA ONTUYECKOTO
BOJIOKHA

4. outer jacket d) BHemIHE MOKpHITHE

5. transmission medium €) MEIHBIN IpoBOJI

6. optic core f) BHyTpeHHee oTpaxeHue

7. internal reflection g) OTpakarollasi MIOBEPXHOCTh

Exercise 2. Insert the proper collocations: a) optic cladding, b) fiber-optic system, ¢)
copper wires, d) light pulses.

1. Using a lens the ... are introduced into the fiber-optic medium.
2. A ... 1s a system with three main components.

3. Optic core is surrounded with the ... .

4. Electronic pulses transmit information through ... .

Exercise 3. Which of the underlined words in each sentence is a predicate?

The article of Basov and Prokhorov contained detailed calculations.

Students invited to the conference arrived in time.

The secret information reminded undiscovered till the end of the war.

The method applied helped Einstein reconcile the laws of mechanics with the
laws of electromagnetic field.

5. Instruments called optical masers or lasers generated a visible radiation.
Prokhorov organized a group of young scientists interested in a quantum
electronics.

b NS

Exercise 4. Translate the sentences paying special attention to Passive
Constructions.

1. Some people are easily influenced by other people’s opinions.

2. The distribution of plants is greatly affected by local conditions.

3. His lectures are always followed by heated discussions.

4. The seminar was attended by all the participants.
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6.

7.

In several areas of research the efforts of scientists are joined by those of
philosophers and sociologists.

At the university students are offered a curriculum of study which is followed by a
test.

Scientists were consulted prior to their successful operation.

Exercise 5. Translate the following sentences where the participles are used as the
adverbial modifiers.

l.

2.

W

6.

Having reported on the discovery of rays of unknown nature Bequerel excited the
curiosity of Marie Curie.

Realizing the necessity for a different approach the physicists reluctantly
abandoned the project.

. Confining his attention to one problem the scientist will surely achieve its solution

much sooner.
Recognizing a problem the scientist makes the first step to its solution.

. The scientist is often interested in a problem, disregarding possible consequences

of its solution.
When heated, magnetized steel will lose its magnetism.

Exercise 6. Identify the function of the participles in the sentences given below as:
a) — ompeziesieHue, b) 00CTOATEILCTBO, €) 00pa3yeT cTpaaTelbHbIN 3a10r, d)
oOpa3zyeT rpymiy MpoI0JKEHHBIX BPEMEH.

This question can be answered without difficulty.

Discussing problems we can compare our ideas with those of our opponents.
Having completed their tests, students handed them in at the end of the exam.
The article being typed now will be published tomorrow.

In a laser printer, when the paper is passing through a fuser assembly, the print
appears.

6. Light sources were developed for fiber optics.

SNh W=

Exercise 7. While translating the sentences pay attention to the chains of

attributes.

1. The transmitter processes and translates the information into equivalently coded
light pulses.

2. The optic core is the light carrying element at the center of the optical fiber.

3. In other words the coded light pulse information is translated back into its original
state as the coded electronic information.

4. The electronic information is then ready for input into electronic based
communication device, such as a computer, telephone or TV.

5. When a photon is absorbed by an electron and becomes excited there is a rapid
transition into another long-lived energy state.

6. The development of a semiconductor laser is one of the most important

developments in the rapidly changing field of technology.
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Exercise 8. Give English equivalents of the italicized part of the sentences, using
passive structures and the verbs: to affect, to allow, to attend, to develop, to deal
with, to face, to follow, to make use of, to refer to.

1.3a ooxnaoom nocnedosano 6ypHoe o0CyKIeHUE.

2.Ha cxopocmw peakyuu enusem mMHOMCecmeo APYrux pakmopos.

3. Omom sonpoc 6ydem MoAPOOHO paccmompen B CAEAYIONIEH CTaThE.

4. Ha 3ToM cTaiuul Mbl CMOJIKHYIUCL ¢ HOBBIMU MPYOHOCAMU.

5. Emy He 0anu 603MONCHOCMU 3AKOHYUMb ITY padboTy.

6. B nocnennee Bpems sma meopusi 4aCTo YROMUHAEN sl BO MHOTHUX CTaThsX.

7. st TOro 4TOoOBI MPEOJONETh 3TU HEAOCTATKH, UCNOIb306AIU HOBYIO MEMOOUKY,
CHEIUATBHO paspabomanHnyto sl JAHHOTO SKCIIEPUMEHTA.

Exercise 9. Summarize your knowledge of the Passive Voice. Translate the
sentences into Russian.

1. This method has been referred to in an earlier paper.

I don’t think this instrument can be relied upon.

The data cannot be accounted for by the existing theory.

The best treatment of this syndrome is generally agreed upon.

Such things are not even thought of before the discovery is actually made.

The rate of the reflection is affected by the change in such parameters as
concentration, temperature and pressure.

Solar batteries are dealt with in this new text-book.

8. The properties of these systems were much spoken about.

Sk w

~
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Unit 17
WORD-STUDY

Exercise 1. Check the transcription in a dictionary and read the words listed below.
Boundaries, extraneous, coaxial, unique, bandwidth, fidelity, corrode.

Exercise 2. Read and translate the collocations given below.

Most responsible for its evolution, basic point-to-point fiber optic transmission
system, replica of the original signal, wide range of benefits, virtually all kinds,
ground loops, there is no possibility of a spark, outdoor atmospheric conditions,
information carrying capacity.

UNDERSTANDING A PRINTED TEXT

List of Terms:

coaxial cable — koakcuanbHBIN Kabeb

corrode — moIBEpraThCs ACMCTBHIO KOPPO3HH

data rate — ckopocTh mepeaauu HHPOPMAIIH

duct — Tpy6a s kabesnsi, 0600uKa

extraneous signal pickup — nmpueM MoCTOpOHHETO CUTHAJIA
fidelity — TouHOCTB, TOCTOBEPHOCTH

fire hazard — yrposa nmoxapa

lash — moacoenuuATh

low-loss glass fiber optic cable — cTekIsTHHBIN ONTOBOJIOKOHHBIN Ka0enh ¢ HU3KUMH
OTEePSIMHU

monitor — rnepenaBath (MHPOPMAIHIO)

optical receiver — ONTUYECKUN TPUEMHUK

power line — cuii0BOM Kabenb (JIMHUU AJICKTPOTIEPEIauHn )
point-to-point fiber optic transmission system - BOJIOKOHHasi CUCTeMa MepeIaun TUIma
"Touka - Touka"

solid state laser diode — TBep1OTEIBHBIN Ja3epHBIN TUOM
spark — Bo3ropaHue, HICKpOBOMW pa3psiz

splice — crierenue (IPOBOIOB)

tap — DOAKIIIOYATHCSA

transmission media — cpencTBa nepegaun uHGopMauu
ground loop - 3a3emiieHNE
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Reading and entitling the text

Our current "age of technology" is the result of many brilliant inventions and
discoveries, but it is our ability to transmit information, and the media we use to do it,
that is perhaps most responsible for its evolution. Progressing from the copper wire of
a century ago to today’s fiber optic cable, our increasing ability to transmit more
information, more quickly and over longer distances has expanded the boundaries of
our technological development in all areas.

Today’s low-loss glass fiber optic cable offers almost unlimited bandwidth and
unique advantages over all previously developed transmission media. The basic
point-to-point fiber optic transmission system consists of three basic elements: the
optical transmitter, the fiber optic cable and the optical receiver.

THE OPTICAL TRANSMITTER converts an electrical analog or digital
signal into a corresponding optical signal. The source of the optical signal can be
either a light emitting diode, or a solid state laser diode. The most popular
wavelengths of operation for optical transmitters are 850, 1300, or 1550 nanometers.

THE FIBER OPTIC CABLE consists of one or more glass fibers, which act
as waveguides for the optical signal. Fiber optic cable is similar to electrical cable in
its construction, but provides special protection for the optical fiber within. For
systems requiring transmission over distances of many kilometers, or where two or
more fiber optic cables must be joined together, an optical splice is commonly used.

THE OPTICAL RECEIVER converts the optical signal back into a replica
of the original electrical signal.

Fiber optic transmission systems — a fiber optic transmitter and receiver,
connected by fiber optic cable — offer a wide range of benefits not offered by
traditional copper wire or coaxial cable. These include:

1. The ability to carry much more information and deliver it with greater
fidelity than either copper wire or coaxial cable.

2. Fiber optic cable can support much higher data rates, and at greater
distances, than coaxial cable, making it ideal for transmission of serial digital data.

3. The fiber is totally immune to virtually all kinds of interference, including
lightning, and will not conduct electricity. It can therefore come in direct contact with
high voltage electrical equipment and power lines. It will not also create ground loops
of any kind.

4. As the basic fiber is made of glass, it will not corrode and is unaffected by
most chemicals. It can be buried directly in most kinds of soil or exposed to most
corrosive atmospheres in chemical plants without significant concern.

5. Since the only carrier in the fiber is light, there is no possibility of a spark
from a broken fiber. Even in the most explosive of atmospheres, there is no fire
hazard, and no danger of electrical shock to personnel repairing broken fibers.

6. Fiber optic cables are virtually unaffected by outdoor atmospheric
conditions, allowing them to be lashed directly to telephone poles or existing
electrical cables without concern for extraneous signal pickup.
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7. A fiber optic cable, even one that contains many fibers, is usually much
smaller and lighter in weight than a wire or coaxial cable with similar information
carrying capacity. It is easier to handle and install, and uses less duct space. (It can
frequently be installed without ducts.)

8. Fiber optic cable is ideal for secure communications systems because it is
very difficult to tap but very easy to monitor. In addition, there is absolutely no
electrical radiation from a fiber.

CHECK YOUR UNDERSTANDING

Exercise 1. Which title suits the text better?
1. From the History of Fiber Optics.

2. Advantages of Fiber Optics.

3. Fiber Optic Systems.

4. Future of Fiber Optics.

Exercise 2. Answer the following questions.

1. What are the main parts of the basic point-to-point optic transmission system?
2. What is the purpose of an optical transmitter?

3. What kinds of cables are used in fiber optics?

4. What is a fiber optic system?

5. Could you list some of the advantages of fiber optic systems?

Exercise 3. Fill in the blanks in the sentences with one of the proposed
collocations.

1. Light emitting diode can be ... .
a) a source of digital signal
b) a waveguide for optical signal
c) asource of electrical signal
2. Thereis ... from a fiber.
a) no possible spark
b) possible electrical radiation
c) absolutely no electrical radiation
3. A fiber optic cable containing many fibers ... than a wire cable.
a) 1s smaller

b) is much more thicker
c) is heavier

102



4. A fiber cable ... for communication.

a) 1is not always secure
b) is secure
c) may be dangerous

INCREASE YOUR VOCABULARY

Exercise 1. Find the Russian equivalents to the English words.

Nouns
1 2

1. invention a) development

2. ability b) receiver

3. evolution c) provider

4. construction d) discovery

5. interference e) diapason

6. bandwidth f) possibility
g) structure
h) interaction

Exercise 2. Find the Russian equivalents to the English words.

Verbs
1 2
1. monitor a) include
2. offer b) lash
3. require c) corrode
4. tap d) propose
5. contain e) demand
f) transmit(information)
g) conduct

Exercise 3. Choose the proper English equivalents to the Russian words:
usnydenue — radiate, radiation, radiative, radiated
npoBoauTh — conductive, conduct, conductance
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PUEMHHUK — receive, receiver, receiving

obecneunBats — provide, provider, providing
nepBOHAYaJIbHBIN — original, origin, originally

nepeaava — transmitter, transmit, transmitting, transmission

Exercise 4. Translate the sentences paying attention to the Gerund (a) and
Participles (b).

1. On cooling water enters the tube of device.

2. While cooling water prevents explosion of the device.

3. The engineers suggested cooling water to prevent explosing of the overheated
device.

4. The engineer was guilty of not having cooled water.

5. Having cooled water we prevented the device from explosion.

6. The device could work after water having been cooled.

LANGUAGE ACTIVITY

Exercise 1. Insert prepositions.

A fiber optic transmitter and receiver are connected ... fiber optic cable. The
fiber is totally immune ... virtually all kinds of interference. The basic fiber is made
... glass. Fiber optic cable is ideal ... secure communications systems. Fiber can
carry much more information and deliver it ... great fidelity. The optical transmitter
converts an electrical analog or digital signal ... a corresponding optical signal.
Progressing ... the copper wire to fiber optic cable has promoted technological
development in all areas.

Exercise 2. From the sentences given below choose those with the Absolute
Participle Construction and translate them.

1. Some lasers manufactures being not ready to sell their product to hospitals, the use
of lasers in medicine is not as common as it could be.

2. A new laser gyroscope completed by “Carl Zeiss” is the world’s largest,
geodesists planning to use it to measure the rotation of the Earth.

3. Light from Nd:YAG laser passing through a focusing lens is launched into the
fiber.

4. Some laser measurements methods requiring electronic equipment at both the
laser and target areas, special optical compact system was developed with all
equipment at one end.

5. Customers buying lasers for medical applications wanted them delivered with all
appliance descriptions.

6. A diagnostic probe for detecting early symptoms of some eye diseases having
been developed, the collaborates designed a fiber optic device capable to characterize
the nature of crystalline impurities in the lens of the eye.
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7. Laser printers being inexpensive and available have been used for structures
requiring a small number of pixels.

8. We see the world starting to fabricate micro-components and miniature systems
due to lasers and other high technological devices.

Exercise 3. Transform the sentences using the Absolute Participle Construction.

1. As the basic fiber is made of glass, it will not corrode and is unaffected by most
chemicals.

2. When two or more fiber cables of a system must be joined together, an optical
splice is commonly used.

3. Since the only carrier in the fiber is light, there is no possibility of a spark from a
broken fiber.

4. Fiber optic cable is ideal for secure communication systems and, in addition, there
is absolutely no electrical radiation from it.

5. The source of optical signal can be either a high emitting diode or a solid state
laser diode, and the mostly used wavelengths for optical transmitters are from 850 to
1550 nanometers.

Exercise 4. Summarize your knowledge of the Gerund and translate the sentences
given below.

1. In forming holograms two sets of waves are involved.

2. A copper wire was capable of carrying much less information than a fiber wire
can do.

3. Laser installation can’t be started without having been previously adjusted.

4. Our using the lens to tunnel the light pulses into the fiber-optic medium was
accepted by everybody.

5. The new formula of glass is worth considering to reduce light loss.

6. In 1948, Gabor succeeded in producing a two-step imaging process which later
was called holography.

7. Using fiber optic cable and advances in optoelectronic devices permitted the
scientist and his students to design a system with a diameter less then 1 cm and a
length less than 1.3 cm.

Exercise 5. Translate the sentences into Russian. Point out the Complex Subject.

1. The free-electron laser is said to operate in the Raman regime.

2. An electron beam is supposed to move at a speed close to the speed of light.

3. In a FEL an electron beam is known to pass through the magnetic field.

4. The question of efficiency is believed to be the most important issue for a FEL.

5. Demonstrations of FEL operation are reported to have been made on several
devices around the world.

6. Free electron lasers are known to be inherently large and expensive machines.

7. Because of low values of electron energy, free electron lasers were found to
oscillate in the millimeter wave region.
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8. Interest in the FEL applications is likely to be the strongest in the frequency ranges
where more conventional lasers are not available.

9.The potential high power capability of a FEL is sure to be used in military
applications.

10. Free electron lasers are unlikely to be widely used due to their limited efficiency.
11. Injected along the periodic structure, the electrons seem to acquire a wiggly
motion.

12. The resulting electron acceleration seems to produce a longitudinal emission of
radiation.

Exercise 6. Rewrite the sentences and put the adverbs in correctly.
1. We were in London. (last week)

He walks his dog. (rarely)

She waited. (patiently)

My father goes fishing. (always)

Your bedroom is. (upstairs)

We don't go skiing. (in summer)

Cats can hear. (well)

I saw him. (there)

9. The girl speaks English. (fluently)

10.1 have seen that film. (never) / (before)

11.1 have been to London. (often)

12.Have you been to Boston? (ever)

13.He plays golf on Sundays. (sometimes)

14.The weather is bad in November. (always)

15.1t rains in California. (never)

16.We have fish for dinner. (seldom)

17.She will see him. (rarely)

18.Peter doesn't get up before seven. (usually)

19.They do not play tennis on Sundays. (always)

i A G
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Unit 18
Fiber Optic Applications

WORD STUDY

Exercise 1. Read and translate the collocations given below.

Revenue streams, telecommunication transmission, copper wire system, light
impulse, shared program software, optical fiber application, optical bandwidth,
fiber/coaxial hybrid, optical receiver, optical converter, commercial installation,
trunk line, backbone architecture.

Exercise 2. Can you think of anything in your country that should be nationalized
(e.g. airlines), privatized, standardized, modernized or computerized?

UNDERSTANDING A PRINTED TEXT

List of Terms:

attenuation — ociabseHue, 3aTyXxaHue
backbone-ocHOBHas cocTaBisAOMmIas, CTPYKTypa
database-0a3a naHHbIX

delivery-nocraBka, nepegava

feasible-roaHbIN, 1OIXOISIIMN
installation-ycranoBka

integrate-00be IMHATH, BKIIFOYATh

node-y3en

trunk line-mMaructpanbHas IUHUS

power company-3HepreTuieckasi KOMIaHUs
revenue streams-MCTOYHHKH JOXO01a

shared program software-nakeTHoe jejieHrue porpaMmm
superhighway-cynepmaructpainb
terrestrial-Ha3eMHBIN

utilities-npennpustus

LAN - Local Area Network — MecTHas ceTb

Scan-reading

The use of fiber was generally not available until 1970, when Robert
Maurer of Corning Glass Works was able to produce a fiber with a loss of 20 dB/km.
It was recognized that optical fiber would be feasible for telecommunication
transmission only if glass could be developed so pure that attenuation would be
20 dB/km or less. That is 1% of the light would remain after travelling 1 km.
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Today’s optical fiber attenuation ranges from 0.5 dB/km to 1000 dB/km depending
on the optical fiber used

The applications of optical fiber communications have increased at a rapid rate
since the first commercial installation of a fiber-optic system in 1977. Telephone
companies began early on replacing their old copper wire systems with optical fiber
lines. Today’s telephone companies use optical fiber throughout their system as the
backbone architecture and as the long-distance connection between city phone
systems.

Cable television companies have also begun integrating fiber optics into their
cable systems. The trunk lines that connect central offices have generally been
replaced with optical fiber. Some providers have begun experimenting with fiber
to the curb using a fiber/coaxial hybrid. Such a hybrid allows for the
integration of fiber and coaxial at a neighborhood location. This location, called a
node, would provide the optical receiver that converts the light impulses back to
electronic signals. The signals could then be fed to individual homes via coaxial cable.

Local Area Networks (LAN) have also integrated or constructed their systems
using optical fiber. A LAN is a collective group of computers, or computer systems,
connected to each other allowing for shared program software or databases. Colleges,
universities, office buildings, and industrial plants, just to name a few, all make use of
optical fiber within their LAN systems.

Power companies are an emerging group that may begin to apply fiber optics as
new revenue streams. With declining revenues in the power industry, some utilities
are considering entering the telecommunications business as a way to supplement
these shrinking revenues.

Based on industry activity, it is evident that fiber optics has become the industry
standard for terrestrial transmission of telecommunication information. The choice
1s not whether to convert to optical fiber, but rather than to convert to optical fiber.
The bandwidth needs of the Information Superhighway require a medium, like optical
fiber, that can deliver large amounts of information at a fast speed. It will be
difficult for copper cable to provide for future bandwidth needs. Satellite and other
broadcast media will undoubtedly play a role alongside fiber optics in the new-
world telecommunications order. Considering all the services that the
telecommunications industries are announcing to be just around the corner, and a
modern society that seems to be expecting them, it is evident that fiber optics will
continue to be a major player in the delivery of these services.

COMPREHENSION CHECK

Exercise 1. Answer the following questions.

1. Why was the use of fiber optics generally not available until 1970?

2. What could you tell us about the applications of fiber optics by telephone
companies?

3. How do different cable television companies and LAN systems use optical fiber
communications?
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4. Why are some power companies so interested in how to apply fiber optics?

5. Why is it possible to say that fiber optics has become the industry standard for
terrestrial transmission of telecommunication information?

Exercise 2. Find in each of two similar sentences which is true (T) and which is
false (F).

1. Why was the use of fiber optics generally not available until 1970?
a) The use of fiber optics generally was not available until 1970 because
the loss in dB/km was too heavy.
b) The use of fiber optics generally was not available because
telecommunication companies considered quartz as a not suitable
material for them.

2. What have you learnt about the applications of fiber optics by telephone
companies?
a) Telephone companies were the last to replace old copper wire systems
with optical fiber lines.
b) Telephone companies early began replacing their old copper wire
systems with optical fiber lines.

3. How did different television companies and LAN systems use optical fiber
communications?
a) Cable television companies and LAN systems integrated fiber optics into
their cable systems and computer systems.
b) Cable television companies and LAN systems were ready to experiment
with the fiber.

4. Were power companies interested in applying fiber optics?
a) Power companies were interested in applying fiber optics because it
could be a new source of revenues.
b) Power companies were not interested in applying fiber optics because
they didn’t see it as a new source of revenues.

5. What carriers of information are suitable for Information Superhighway
bandwidth?
a) Copper cable as well as optical fiber are able to provide bandwidth needs
for Information Superhighway.
b) The Information Superhighway bandwidth requires a medium like
optical fiber.
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REWIEW OF THE CHAPTER III

Exercise 1. Write a brief summary of the texts.

Define the main problems dealt with in the texts. Try to use the following words and
expressions in your summary:

1. As the title implies the text describes ... . 2. It is specially noted that ... . 3. It is
spoken in detail ... . 4. The text gives valuable information on .. . 5. ... (e.g. some
important facts or principles) are considered (mentioned, discussed, stressed). 6. The
text may be of interest (great help) to ... .

Exercise 2. Topics for discussion on the material of Chapter I11.

1. Do you consider fiber optics to be really usable communication of nowadays
and why?

2. How do you view the future of fiber optics?

3. What could you say about the advantages and disadvantages of fiber optic systems?
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SUPPLEMENTARY TASKS

IMPROVE YOUR TRANSLATION PRACTICE
Exercise 1. Translate the text into Russian. Write down key-words from the text.

Fiber-Optic Economics

One of the initial economic factors to consider when converting to fiber optics
is the cost of replacing wire systems with fiber. Increased demand for optical fiber
has brought the prices down within competitive range of copper. However, since
transmitters, converters, optical repeaters, and a variety of connecting hardware will
be needed, the initial cost of changing over to fiber can be expensive. Increased
demand, advances in the technology and competition has brought the prices down
somewhat. Short term and long term gains should be considered when updating a
communications system. In the short term it is often less expensive to continue using
copper cabling for covering expanded communication needs. By simply adding more
wire to an existing system, expanded needs can be covered. This avoids the expense
of adding the transmitters and receivers needed for integrating optical fiber. Long-
term needs, however, may require more expansion in the future.

In the long term it may be more cost effective to invest in conversion to fiber
optics. This cost effectiveness is due to the relative ease of upgrading fiber optics to
higher speeds and performance. It has already been seen in the industry as
communication providers are wiring customers with optical fiber bandwidth that
exceed consumer bandwidth needs. This is in anticipation of future bandwidth needs.
It is generally accepted that customers will need increased bandwidth as the
information highway grows. Replacing copper with fiber today would avoid
continued investment in a soon to be outdated copper system.

Television and telephone companies hurry to build systems that will convert
television and telephone technology and thus provide a one-server system for their
customers. Fiber optics will play a pivotal role in this race since the bandwidth
needed for providing an all-in-one service with television, telephone, interactive
multimedia, and Internet access is not available in much of the wiring of America.
Competition for customers is a strong factor motivating communication networks to
convert their systems over to fiber optics.

Competition is not only between users of fiber optics networks. Recent
developments and proposed plans in the satellite industry may have an effect on the
use of fiber optics as a transmission medium. The satellite industry is proposing, and
building, several systems that they say will provide the telecommunication services
needed without the need for laying more fiber-lines. Like terrestrial cellular systems,
satellites also have an advantage over fiber in that they can provide mobile access to
telecommunications services. They can provide a level of global ubiquity that is not
possible with fiber optics or with terrestrial cellular. Satellite services could
potentially serve rural and undeveloped communities that may never see a fiber optic
line come through the part of the world.
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None of these satellite systems, however, can provide the bandwidth potential
of fiber optics. Fiber optics has the proven ability to deliver more information per
second. So, it is no wonder that satellite providers have not announced plans that
could effectively provide television, telephone, interactive multimedia, and Internet
services into an all-in-one service. Evidently, tomorrow is with fiber optics.

Exercise 2. Read the following text if necessary using a dictionary. Point out the
main idea of paragraphs given below.

Optical Transmitters

1. The basic optical transmitter converts electrical input signals into modulated
light for transmission over an optical fiber. Depending on the nature of this signal, the
resulting modulated light may be turned on and off or may be linearly varied in
intensity between two predetermined levels. The most common devices used as the
light source in optical transmitters are the /ight emitting diode (LED) and the /aser
diode (LD). In a fiber optic system, these devices are mounted to enable an optical
fiber to be placed in very close proximity to the light emitting region in order to
couple as much light as possible into the fiber. In some cases, the emitter is even
fitted with a tiny spherical lens to collect and focus "every last drop" of light onto the
fiber, and in other cases a fiber is connected directly to the actual surface of the
emitter.

2. LEDs have relatively large emitting areas and, as a result, are not as good
light sources as LDs. However, they are widely used for short to moderate
transmission distances because they are much more economical, quite linear in terms
of light output versus electrical current input and stable in terms of light output versus
ambient operating temperature. LDs, on the other hand, have very small light
emitting surfaces and can couple many times more power to the fiber than LEDs.
LDs are also linear in terms of light output versus electrical current input, but unlike
LEDs they are not stable over wide operating temperature ranges and require more
elaborate circuitry to achieve acceptable stability. In addition, their added cost makes
them primarily useful for applications that require the transmission of signals over
long distances.

3. LEDs and LDs operate in the infrared portion of the electromagnetic
spectrum so that their light output is usually invisible to the human eye. Their
operating wavelengths are chosen to be compatible with the lowest transmission loss
wavelengths of glass fibers and highest sensitivity ranges of photodiodes. The most
common wavelengths in use today are 850 nanometers, 1300 nanometers, and 1550
nanometers. Both LEDs and LDs are available in all three wavelengths.

4. LEDs and LDs, as previously stated, are modulated in one of two ways: on
and off, or linearly. A transistor is used to switch the LED or LD on and off in step
with an input digital signal. This signal can be converted from almost any digital
format by the appropriate circuitry, into the correct base drive for the transistor.
Overall speed is then determined by the circuitry and the inherent speed of the LED
or LD. Used in this manner, speeds of several hundred megahertz are readily
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achieved for LEDs and thousands of megahertz for LDs. Temperature stabilization
circuitry for the LD has been omitted from this example for simplicity. LEDs do not
normally require any temperature stabilization.

5. Linear modulation of an LED or LD is accomplished by the operational
amplifier circuit. The inverting input is used to supply the modulating drive to the
LED or LD. Once again temperature stabilization circuitry for the LD has been
omitted from this example for simplicity.

6. Digital on/off modulation of an LED or LD can take a number of forms. The
simplest, as we have already seen, is light-on for a logic "1", and light-off for a logic
"0". Two other common forms are pulse width modulation and pulse rate modulation.
In the former, a constant stream of pulses is produced with one width signifying a
logic "1" and another width, a logic "0". In the latter, the pulses are all of the same
width but the pulse rate changes to differentiate between logic "1" and logic "0".

7. Analogue modulation can also take a number of forms. The simplest is
intensive modulation where the brightness of an LED is varied in direct step with the
variations of the transmitted signal. In other methods, a RF carrier is first frequency
modulated with another signal or, in some cases, several RF carriers are separately
modulated with separate signals, then all are combined and transmitted as one
complex waveform.

8. The equivalent operating frequency of light, which is, after all,
electromagnetic radiation, is extremely high — of the order of 1,000,000 GHz. The
output bandwidth of the light produced by LEDs and laser diodes is quite wide.
Unfortunately, today’s technology does not allow this bandwidth to be selectively
used in the way that conventional radio frequency transmissions are utilized. Rather,
the entire optical bandwidth is turned on and off in the same way that early "spark
transmitters" (in the infancy of radio) turned wide portions of the RF spectrum on and
off. However, with time, researchers will overcome this obstacle and "coherent
transmissions", as they are called, will become the direction in which the fiber optic
field progresses.
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APPENDIX 1

Xumuyeckue Gpopmy.Jibl

[Ipy 4YTeHHMM XMMHYECKUX DJIEMEHTOB U (QOpMysa HEOOXOJUMO IOMHUTH
cienyoiuiee:

e KaKaas OykBa U nudpa auraercs oTaenabHo, Hanpumep, NaCL unTaeTcs kak:
n,a,c,l;

® 3HAKW, WCIIONB3YEMbIE B TAaKOTo poaa (GopMyiax, YUTAIOTCS CIEAYIOIIHM
o0Opazom:

+ - plus, together with, added to, combined with;

= - give, form, are equal to

— - forms, is formed from;

<« - give, pass over to, lead to.

Harmpumep,
CO,+H,0 — H,CO; —c, o, two plus h, two, o give h, two, ¢, o, three;

C+2H,; —» CH, — ¢ plus 2 molecules of h two form c, h, four.
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APPENDIX IT

He - helium - renuit

Ne - neon - HEOH

Pb - plumbum - cBunen

Cd - cadmium - kagmwuii

Nd - neodymium - HEOTUM

CO, - carbon dioxide - 1ByokuCh yriepoaa
Se - selenium -cenex

GaAs - gallium arsenide — apcenus raymuius
YAG - yttrium aluminium garnet — UTTpHUIl-aTFOMUHUEBBIN rpaHaT
Cr - corundum - xpom

Cu - 1) copper; 2) cuprum - MeJib
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APPENDIX III

Albert Einstein

Albert Einstein was born in Germany, on March 14, 1879. Later his family moved to
Italy and then to Switzerland. In 1896 he entered the Swiss Federal Polytechnic
School in Zurich to be trained as a teacher in physics and mathematics. In 1901, the
year he gained his diploma, he accepted a position as technical assistant in the Swiss
Patent Office. In 1905 he obtained his doctor's degree.

During his stay at the Patent Office, and in his spare time, he produced much of his
remarkable work. For his researches in Relativity he was awarded the Nobel Prize in
1921. In 1933 he renounced his citizenship for political reasons and emigrated to
America to take the position of Professor of Theoretical Physics at Princeton. He
became a United States citizen in 1940 and retired from his post in 1945.

At the start of his scientific work, Einstein realized the inadequacies of Newtonian
mechanics and his special theory of relativity stemmed from an attempt to reconcile
the laws of mechanics with the laws of the electromagnetic field. He dealt with
classical problems of statistical mechanics and problems in which they were merged
with quantum theory: this led to an explanation of the Brownian movement of
molecules. He investigated the thermal properties of light with a low radiation density
and his observations laid the foundation of the photon theory of light.

In his early days, Einstein postulated that the correct interpretation of the special
theory of relativity must also furnish a theory of gravitation and in 1916 he published
his paper on the general theory of relativity. During this time he also contributed to
the problems of the theory of radiation and statistical mechanics.

In the 1920's, Einstein embarked on the construction of unified field theories,
although he continued to work on the probabilistic interpretation of quantum theory,
and he persevered with this work in America. He contributed to statistical mechanics
by his development of the quantum theory of a monatomic gas and he has also
accomplished valuable work in connection with atomic transition probabilities and
relativistic cosmology.

After his retirement he continued to work towards the unification of the basic
concepts of physics, taking the opposite approach, geometrisation, to the majority of
physicists.

Einstein's researches are, of course, well chronicled and his more important works
include Special Theory of Relativity (1905), Relativity (English translations, 1920 and
1950), General Theory of Relativity (1916), Investigations on Theory of Brownian
Movement (1926), and The Evolution of Physics (1938).
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Albert Einstein received honorary doctorate degrees in science, medicine and
philosophy from many European and American universities. During the 1920's he
lectured in Europe, America and the Far East and he was awarded Fellowships or
Memberships of all the leading scientific academies throughout the world. He gained
numerous awards in recognition of his work, including the Copley Medal of the
Royal Society of London in 1925, and the Franklin Medal of the Franklin Institute in
1935.
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Arthur L. Schawlow

Arthur L. Schawlow was born in New York, U.S.A. on May 5, 1921. His father had
come from Europe a decade earlier from Riga. His mother was a Canadian and the
family moved to Toronto in 1924. Schawlow attended public schools there, and
Vaughan Road Collegiate Institute (high school).

As a boy, Schawlow was always interested in scientific things, electrical, mechanical
or astronomical, and read nearly everything that the library could provide on these
subjects. He intended to try to go to the University of Toronto to study radio
engineering. Unfortunately his high school years, 1932 to 1937, were in the deepest
part of the great economic depression. His father's salary as one of the many agents
for a large insurance company could not cover the cost of a college education for
Schawlow.

There were, at that time, no scholarships in engineering, but Schawlow and his sister
were both fortunate enough to win scholarships in the faculty of Arts of the
University of Toronto. Schawlow’s sister was for English literature, and his was for
mathematics and physics. Physics seemed pretty close to radio engineering, and so
that was what Schawlow pursued. Physics has given him a chance to concentrate on
concepts and methods, and he has enjoyed it greatly.

A scientific career was something that few of them even dreamed possible, and
nearly all of the entering class expected to teach high school mathematics or physics.
In 1945 Schawlow returned to the University. It was by then badly depleted in staff
and equipment by the effects of the depression and the war, but it did have a long
tradition in optical spectroscopy. There were two highly creative physics professors
working on spectroscopy, Malcolm F. Crawford and Harry L. Welsh. Schawlow took
courses from both of them, and did his thesis research with Crawford. It was a very
rewarding experience, for he gave the students good problems and the freedom to
learn by making their own mistakes. Moreover, he was always willing to discuss
physics, and even to speculate about where future advances might be found.

A Carbide and Carbon Chemicals postdoctoral fellowship took Schawlow to
Columbia University to work with Charles H. Townes. There were no less than eight
future Nobel laureates in the physics department during his two years there. Working
with Charles Townes was particularly stimulating. Not only was he the leader in
research on microwave spectroscopy, but he was extraordinarily effective in getting
the best from his students and colleagues.

From 1951 to 1961, A. Schawlow was a physicist at Bell Telephone Laboratories.
There his research was mostly on superconductivity, with some studies of nuclear
quadruple resonance. On weekends he worked with Charles Townes on their book
Microwave Spectroscopy, which had been started while he was at Columbia and was
published in 1955. In 1957 and 1958, while mainly still continuing experiments on
superconductivity, Schawlow worked with Charles Townes to see what would be
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needed to extend the principles of the maser to much shorter wavelengths, to make an
optical maser or, as it is now known, a laser. Thereupon, A. Schawlow began work

on optical properties and spectra of solids which might be relevant to laser materials,
and then on lasers.

Since 1961, A. Schawlow has been a professor of physics at Stanford University and
was chairman of the department of physics from 1966 to 1970.
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Charles H. Townes

Charles Hard Townes was born in Greenville, South Carolina, on July 28, 1915. He
attended the Greenville public schools and then Furman University in Greenville,
where he completed the requirements for the Bachelor of Science degree in physics
and the Bachelor of Arts degree in Modern Languages, graduating in 1935, at the age
of 19. He was also interested in natural history while at Furman, serving as curator of
the museum, and working during the summers as collector for Furman's biology
camp. In addition he was busy with other activities, including the swimming team,
the college newspaper and the football band.

Townes completed work for the Master of Arts degree in Physics at Duke University
in 1936, and then entered graduate school at the California Institute of Technology,
where he received the Ph.D. degree in 1939 with a thesis on isotope separation and
nuclear spins.

A member of the technical staff of Bell Telephone Laboratories from 1933 to 1947,
Dr. Townes worked extensively during World War II in designing radar bombing
systems and has a number of patents in related technologies. From this he turned his
attention to applying the microwave technique of wartime radar research to
spectroscopy, which he foresaw as providing a powerful new tool for the study of the
structure of atoms and molecules and as a potential new basis for controlling
electromagnetic waves.

At Columbia University, where he was appointed to the faculty in 1948, he continued
research in microwave physics, particularly studying the interactions between
microwaves and molecules, and using microwave spectra for the study of the
structure of molecules, atoms, and nuclei. In 1951, Dr. Townes conceived the idea of
the maser, and a few months later he and his associates began working on a device
using ammonia gas as the active medium. In early 1954, the first amplification and
generation of electromagnetic waves by stimulated emission were obtained. Dr.
Townes and his students coined the word "maser" for this device, which is an
acronym for microwave amplification by stimulated emission of radiation. In 1958,
Dr. Townes and his brother-in-law Dr. A.L. Schavlow, showed theoretically that
masers could be made to operate in the optical and infrared region and proposed how
this could be accomplished in particular systems. This work resulted in their joint
paper on optical and infrared masers, or lasers (light amplification by stimulated
emission of radiation). Other research has been in the fields of radio astronomy and
nonlinear optics.

Having joined the faculty at Columbia University as Associate Professor of Physics
in 1948, Townes was appointed Professor in 1950. He served as Executive Director
of the Columbia Radiation Laboratory from 1950 to 1952 and was Chairman of the
Physics Department from 1952 to 1955.
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In 1966, he became Institute Professor at M.I.T., and made intensive research,
particularly in the fields of quantum electronics and astronomy. He was appointed
University Professor at the University of California in 1967. In this position Dr.
Townes was participating in teaching, research, and other activities on several
campuses of the University.

Dr. Townes has served on a number of scientific committees advising governmental
agencies and has been active in professional societies.
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Aleksandr M. Prokhorov

Aleksandr Mikhailovich Prokhorov was born on July 11th, 1916, in Australia.
After the October Revolution he went in 1923 with his parents to the Soviet Union.

In 1934 Alexander Prochorov entered the Physics Department of the Leningrad State
University. He attended lectures on quantum mechanics, theory of relativity, on
general physics, spectroscopy and on molecular physics. After graduating in 1939 he
became a postgraduate student of the P.N. Lebedev Physical Institute in Moscow, in
the laboratory of oscillations. There he started to study the problems of propagation
of radio waves.

In 1946 he defended his thesis on the theme Theory of Stabilization of Frequency of a
Tube Oscillator in the Theory of a Small Parameter.

Starting in 1947, Prochorov carried out a study of the coherent radiation of electrons
in the synchotron in the region of centimetre waves. As a result of these
investigations he wrote and defended in 1951 his Ph.D. thesis a "Coherent Radiation
of Electrons in the Synchotron Accelerator".

Starting from 1950 being assistant chief of the laboratory, Prochorov began to
investigate on a wide scale the question of radiospectroscopy and, somewhat later, of
quantum electronics. He organized a group of young scientists interested in the
subjects.

In 1959 when Prochorov has already been the head of the lab, the laboratory of radio
astronomy was organized from one of the departments of the laboratory of
oscillations, and in 1962 another department was separated as the laboratory of
quantum radiophysics (headed by Prof. N.G. Basov).

The investigations carried out by Basov and Prochorov in the field of microwave
spectroscopy resulted in the idea of a molecular oscillator. They developed
theoretical grounds for creation of a molecular oscillator and also constructed a
molecular oscillator operating on ammonia. In 1955, Basov and Prochorov proposed
a method for the production of a negative absorption which was called the pumping
method.

From 1950 to 1955, Prochorov and his collaborators carried out research on
molecular structures by the methods of microwave spectroscopy.

In 1955 Professor Prochorov began to develop the research on electronic
paramagnetic resonance (EPR). A cycle of investigations of EPR spectra and
relaxation times in various crystals was carried out.

In 1955, Prochorov studied with A.A. Manenkov the EPR spectra of ruby that made it
possible to suggest it as a material for lasers in 1957. They designed and constructed
masers using various materials and studied characteristics of the masers as well. This
research was done in cooperation with the laboratory of radiospectroscopy of the
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Institute of Nuclear Physics of the Moscow University; this laboratory was organized
by Prochorov in 1957. One of the masers constructed for a wavelength of 21 cm is
used in the investigations of the radioastronomical station of the Physical Institute in
Pushino.

In 1958 Prochorov suggested a laser for generation offer-infrared waves. As a
resonator it was proposed to use a new type of cavity which was later called "the
cavity of an open type". Practically speaking, it is Fabry-Perot’s interferometer.
Similar cavities are widely used in lasers.

At present Prochorov's principal scientific interests lie in the field of solid lasers and
their utilization for physical purposes, in particular for studies of multiquantum
processes. In 1963, he suggested together with A.S. Selivanenko, a laser using two-
quantum transitions.
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Nicolay G. Basov

Nikolay Gennadiyevich Basov was born on December, 14, 1922 in a small town
near Voronezh. His father was a professor of the Voronezh Forest Institute.

After finishing secondary school in 1941 in Voronezh Basov was called up for
military service. In December 1945, he entered the Moscow Institute of Physical
Engineers where he studied theoretical and experimental physics.

In 1950 N. Basov joined the P.N. Lebedev Physical Institute, where he was vice-
director and head of the laboratory of quantum radiophysics. He was also a professor
of the department of solid-state physics at the Moscow Institute of Physical
Engineers.

In 1956 he defended his doctoral thesis on the theme "A Molecular Oscillator", which
summed up the theoretical and experimental works on creation of a molecular
oscillator utilizing an ammonia beam.

In 1955 N. Basov organized a group for the investigation of the frequency stability of
molecular oscillators. Together with his pupils and collaborators Dr Basov studied
the dependence of the oscillator frequency on different parameters. In the result of

these investigations the oscillators with a frequency stability of 107" have been
realized in 1962.

In 1957 N. Basov started to work on the design and construction of quantum
oscillators in the optical range. A group of theorists and research workers began to
study the possibilities for realization of quantum oscillators by means of
semiconductors, and the possibility of their realization in the gas media was also
investigated.

In 1964 semiconductor lasers with electronic excitation have been made and
somewhat later, lasers with optical excitation were constructed. For these
achievements a group of scientists of Lebedev Physical Institute was awarded the
Lenin Prize for 1964.

Beginning from 1961 Dr. Basov carried out theoretical and experimental research in
the field of powerful lasers.

In 1962 N. Basov and O.N. Krokhin investigated the possibility of laser radiation
usage for the obtaining of thermonuclear plasmas. In 1968 Basov and his associates
have succeeded in observing for the first time neutron emission in the laser-produced
deuterium plasmas. In the same year Basov and his associate A.N. Oraevsky
proposed a method of the thermal laser excitation. Further theoretical considerations
of this method by N. Basov, A.N. Oraevsky and V.A. Sheglov encouraged the
development of the so-called gasdynamic lasers.
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In 1963 Dr. Basov and his colleagues began to work in the field of optoelectronics.
They developed in 1967 a number of fast-operating logic elements on the basis of
diode lasers.

A large contribution has been made by Dr. Basov to the field of chemical lasers. In
1970 under his guidance an original chemical laser was achieved which operates on a
mixture of deuterium, F and CO, at the atmospheric pressure.

In the end of 1970 N. Basov (together with E.P. Markin, A.N. Oraevsky, A.V.
Pankratov) presented experimental evidence for the stimulation of chemical reactions
by the infrared laser radiation.
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Ted Maiman and the World's First Laser

Ted Maiman was born in Los Angeles, California, in 1927. His father was an
electronics engineer and inventor, who worked for several years at Bell Labs during
the war. The elder Maiman inspired his son with a love of electronics, and by the
time the younger Maiman was 12 he had a job repairing valve devices. By the time he
was 14, he was running the company's shop.

Maiman attended the University of Colorado, receiving a B.S. in engineering physics
in 1949. He then set his sights on the Stanford University Physics Department for
graduate work, but was initially rejected. He eventually got into Stanford, where he
was accepted by the electronics engineering department.

At Stanford, Maiman did graduate work under Nobel Laureate Willis Lamb. While
conducting the experiment he learned a great deal about optical instrumentation,
which was very appropriate to his later work on the laser.

Maiman graduated with a Ph. D. in physics from Stanford in 1955.

In 1958, Bell Labs' Schawlow and Townes had predicted the operation of an optical
laser. In their paper, they suggested that one way to do it was using alkali vapors.
They applied for, and were granted, a patent. But a working laser had yet to be built.

Meanwhile Maiman was now working at Hughes Research, which was one of the
many labs involved in the race to implement the laser.

At Hughes, Maiman found himself encountering a number of obstacles. He was
under-funded, working with a budget of $50,000, which included his salary, his
assistants' salaries, and equipment. Worst of all, the most important scientists of the
day were scoffing at him for continuing to investigate ruby, which had been ruled out
as a lasing material. It was measured that the fluorescence quantum efficiency of ruby
was about 1 percent.

Maiman began investigating other materials, but, having found no alternative
prospects, he returned to ruby to try to understand why it was so inefficient. He felt
that if he could understand what was causing the inefficiency, he could then work
with crystal experts to identify an appropriate material. He measured the quantum
efficiency again, and came up with a figure of about 75 percent! Ruby was again a
laser candidate.

At this time, nearly all the scientists in the major labs were trying to make a
continuous laser. Few were considering the possibility that a pulsed laser might be
easier to build. Maiman did not accept this idea.

At about that time he came across an article on photographic strobe lamps, and
discovered that their brightness temperature was about 8000 or 9000 K. The
continuous dc. arc lamp he had looked at had a brightness temperature of about
4000 K. He checked his calculations carefully (calculators and desktop computers
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were still science fiction in 1960). An innovative optical pump and probe and
simultaneous GHz resonant cavity experiment convinced him the strobe lamp could
make optical gain a reality.

By surrounding the ruby rod with the lamp and using an external collector, Maiman
was able to achieve a reasonable amount of pumping efficiency. He obtained a ruby
rod from Union Carbide. It was a unique request, and took the company five or six
months to prepare.

In 1960, there were no coating surfaces for laser mirrors, and multilayer coatings
were only at the disposal of the largest labs that could afford the technology. But
Maiman knew about silvering ruby from his maser days, and he used the same
technique to silver the ends of this rod.

Maiman's rigorous investigation paid off when, on 16 May 1960, the laser made the
historic leap from theory to reality.
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Chapter 1V

Annotaumus (Abstract/Summary) — 3TO KpaTkoe H3JIOKEHHE COACPKaHUS
CTaThM (IOKJIa/aa, 3aMETKH) C IICJIBI0 J1aTh BO3MOXKHOCTH MOHSATH YATATEIIO CTOUT JIH
3HAKOMHTBCS C TEKCTOM 00Jjiee MOApPOOHO. AHHOTAIMS OTPaKAET TEMATUKY TEKCTa H
OCHOBHYIO MbICITb aBTOpa. OObIYHBIN 00beM aHHOTauu 500-600 11.3H.
CtpykTypa aHHOTAIIUU:
1) HasBanue paboOThl (CTaTbM, JOKJIanaa), (aMwiksd W HWHUIHMAIBI aBTOpA,
BBIXOJIHBIC JJaHHbIE OPUTHMHAJIA, (T.€. HA3BaHHUE JKypHaJIa WM MOHOTrpaduu,
roJ u3J1aHus, TOM, HOMEp, U T.11.);

2) popmynupoBKa TeMbl pabOTHI (TEKCTA, CTAThH, JOKJIA/IA);

3) KpaTKoe coJepKaHHe CTaTbu (JIOKJIaaa), COCTABIEHHOE W3 MIPOCTHIX
IPEIIOKEHHM, CBSI3aHHBIX 110 OTIPEICTICHHBIM MTPaBUJIaM.

Ecniu aHHOTamusi COCTaBis€TCS HA AHTJIMKACKOM S3bIKE, TO JOIMYCKalOTCA
TOJILKO O€3JMYHBbIE NPEJIOKEHHs] CO CKa3yeMbIM B CTPajgaTeIbHOM 3ajiore, Kak
npaBuiio, B hopme Present i Past Simple, nunoraa B Present Perfect Passive Voice.

Yariie BCero MCIoJb3yIOTCs CIeyIOIIne KIHIIe:

...1s/are discussed (described, mentioned)... ...00CyXmaroTcs
(omuchIBaIOTCH,
YIIOMUHAIOTCH). . .

...1s/are considered (outlined)... ...paccMaTpHUBaOTCA. . .

...1s/are presented (shown)... ...TIPEJICTABJICHBI,

MIOKa3aHHbl. . .

...1s/are studied (investigated, examined)... ...HCCIICTYIOTCH. . .

...1s/are obtained (found, established)... ...TIoNTy4eHbl (0OHApYKEHBI,
YCTaHOBJICHBI). . .

A (short) description is given to ... Kpartko onucansl...

A (thorough) study is made of ... TiarensHO UCCIIEIOBAHBI. ..

Particular (special) attention is Oco0oe BHUMaHHE

given (paid) to ... YACJCHO ...

WHuora ucnonb3yrTess KOHKPETU3UPYIOIINE HApeUyus U COYEeTaHus, TAKUE KaK:
accurately (carefully) - TiatenbHoO, BHUMATEIHHO

thoroughly, in detail — moapo6HO, AETATEHO

clearly — yetko, sicHO

fully — Bo Bceit moiHOTE U T. 1.

JUist  popMynHpOBKM TeMbl padOThl (CTATbM) MOYXHO MCIOJb30BaTh
ckazyemoe B Present Active Voice. Hanpumep: The text deals with (studies) ...

Jlanee mpuaaTOYHBIC MPEAJIOKEHUS JOJKHBI OBITh MpeoOpa3oBaHbI B
NpUYACTHBIC WM WHOUHUTHBHBIE KOHCTPYKIHHU, & MIPUMEPHl ¥ WILTIOCTPALAN
JIF000T0 BH/a UCKIIOYEHEL.
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[Ipumep aHHOTAIMM:

Text 1

Laser lidar

Laser-based lidar (light detection and ranging) has also proven to be an
important tool for oceanographers. While satellite pictures of the ocean surface
provide insight into overall ocean health and hyperspectral imaging provides more
insight, lidar is able to penetrate beneath the surface and obtain more specific data,
even in murky coastal waters. In addition, lidar is not limited to cloudless skies or
daylight hours.

“One of the difficulties of passive satellite-based systems is that there is water-
surface reflectance, water-column influence, water chemistry, and also the influence
of the bottom”, said Chuck Bostater, director of the remote sensing lab at Florida
Tech University (Melbourne, FL). “In shallow waters we want to know the quality of
the water and remotely sense the water column without having the signal
contaminated by the water column or the bottom”.

A typical lidar system comprises a laser transmitter, receiver telescope,
photodetectors, and range-resolving detection electronics. In coastal lidar studies, a
532-nm laser is typically used because it is well absorbed by the constituents in the
water and so penetrates deeper in turbid or dirty water (400 to 490 nm penetrates
deepest in clear ocean water). The laser transmits a short pulse of light in a specific
direction. The light interacts with molecules in the air, and the molecules send a small
fraction of the light back to telescope, where it is measured by the photodetectors.

Abstract (Summary). Text 1.

Laser lidar. “Laser Focus World”, 2003, v 46, Ne3, p45.

The text focuses on the use of laser-based lidar in oceanography.

The ability of lidar to penetrate into the ocean surface to obtain specific data in
murky coastal waters is specially mentioned.

Particular attention is given to the advantage of laser-based lidars over passive
satellite-based systems is obtaining signals not being contaminated by the water
column or the bottom.

A typical lidar system is described with emphasis on the way it works.

This information may be of interest to research teams engaged in studying
shallow waters.

Pe3tome (Resumé) — Bujg komipeccuu TekcTa. B pesroMe aomycKaroTcs

KpaTKasgd OLCHKa HMCXOJHOro Marcpuaja MW BbIBOJAbI W3 HPOYHUTAHHOIO. OObI4HO
TpC6y€TCH H3JI0KCHUEC TCKCTA B BUJIC YCTHOT'O PE3IOME.
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Pe3tome cocTouT M3 Tpex YacTeld, KOTOpbIe COSAMHSIIOTCS B €IUHOE IIENIOE C
TIOMOIIBIO OTIPEICIICHHBIX PEYEBBIX KITHIIIE.

I. Berymuienue. @opMyIMpOBKa TEMBI.

The text (clipping, item) deals with ... B TEKCTE (oTphIBKE,
3aMETKE)

The text (clipping, item) concerns ...

The text (clipping, item) is concerned with ...

The text (clipping, item) focuses on ...

rOBOpPHUTCA O ...

II. OcHoBHOE cozepKaHNe — KPATKOE OMUCAHUE TEKCTa C HEKOTOPOM OLIEHKOM.
According to the text ...

From the text we know that }
It is clear from the text ...
According to the author ...

U3 tekcra sacHo, 4To...

Kak cuuraer aBTop ...

One of the main problems to pay
attention to is ...

It should be mentioned
(noted, pointed out) ...

Particular emphasis is placed on ...

In my opinion ...
Thus ...
Further on ...

III. 3akmrouenue.
In conclusion we can say ...
Summing it up...

On the whole one can safely say ...

The author comes to the
conclusion that ...

All things considered we
can conclude that ...

Resume
Text 1

OmHoIt U3 TTIABHBIX MPOOJIEM, Ha
KOTOpYIO  cieayer  oOpaTuth
BHUMAaHHE, SBIIICTCS. ..

Cnenyet ynoMsiHyTh (OTMETHUTb,
yKa3aTh)...

Ocob60e BHUMaHHUE oOpalaercs

HA ...

[To Mmoemy MHEHHUIO ...

Taxum oOpazom ...

Hanee ...

B 3aknmroueHnn MOXKHO CKa3aTh...
ITogpITOXKHMBAA ...

B 1ICJIOM BIIOJIHE MO>KHO
CKa3aTh...

ABTOp IPUXOAUT K BBIBOJY, YTO...

PaCCMOTpCB BCC, MBI MOJXCM
CAcIaTb BBIBOJ, 4YTO ...

The text “Laser lidar” deals with the new development in laser technology and
its uses, namely, a laser-based lidar. The word “lidar” stands for light detection and
ranging.

The text focuses on the application of lidars in oceanography. It’s clear from
the text that laser-based lidars have fundamental advantages over passive sattelite-
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based systems. Particular emphasis is placed on the fact that lidars produce signals
not being contaminated by the water column or the bottom.

Further on, a typical lidar system with a 532 nm laser is described and the
principle of its operation is briefly given. The system comprises a laser transmitter,
receiver telescope and photodetectors. Finally it is shown as a short pulse of light
transmitted by the laser is transformed into the signal measured by photodetectors.

In conclusion, all things considered, one can say that laser radars are especially
good for coastal lidar studies.

Text 2
Laser microprocessing of diamond surface
Diamond films 300-400 pm thick were grown on polished Si substrates

by a CVD technique using a microwave plasma chemical reactor. Upon separation
from the substrates, the resulting freestanding diamond plates were cut with a laser,
mechanically polished, and then were used for laser patterning experiments.

For selective-area material removal a KrF excimer laser operating at 248 nm,
was used as the laser source in a projection optical scheme. The pulse duration is 15
ns, and the laser pulse energy is typically ~200 mJ, although only a small fraction of
the output energy is utilized. The image of a mask (sqaure) was projected onto the
sample surface by a short-focal length objective with linear demagnification of 1:15.
A diamond sample placed on a computer-driven X-Y stage was translated
controllably so that a selected region of given coordinates on the diamond surface be
irradiated by a certain number of laser shots to achieve the resulting surface profile
close to the calculated one. The etching depth was controlled by the laser influence
and the number of laser shots. A surface profiler “Zygo” (model New View 5000)
based on phase-shifting interferometry was used to examine the topology of original
and laser-irradiated surface.

Task 1. Build up an abstract (summary) of text in writing.

Check your summary:

1) make sure each sentence is simple and to the point;
-make sure there are no examples or illustrations;

2) remove adjectives, adverbs, repetition of words.

3) replace full clauses with participle constructions.

Task 2. Build up a resume of text 2 according to the instruction given above.
Pedepar (Precis) - 95TO KOHCIEKTHUBHOE OIMCAHUE OPHUTHMHAJIBLHOTO
pou3Be/IcHUsT (TEKCTa, CTaTbM, AOKJIaga WJIM MoOHorpaduu), Iepeaarliee ero

OCHOBHOW cMbIcI. B pedepare KpaTko M YETKO HU3IAralOTCs BCE OCHOBHBIC
noJsioxkenust opuruHana. Kak npasuiio, oobem pedepara coctasiusier 1/3 opurunana.
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Pedepar He mnpeamomaraeT BBIBOJAOB WJIM KOMMEHTAPHUEB COCTaBUTEI,
JOITYCKAIOTCS TOJIBKO BBIBOJIbI ABTOPA OPUTHMHAIIA, €CIIU TAKOBBIE €CTh.
[To cTpykType pedepar HamOMUHAET Pa3BEPHYTYI0 aHHOTAIMIO, C YNOTPEOJIIEHUEM
BBIIICTTPUBE/ICHHBIX PEUEBBIX KIIUIIIE.
K cnmcky pedeBbIX KIMIIE MOKHO JOOABUThH CIAEAYIOIIHE:

I. The aim (object, purpose, task) of the study is.
[lenp (3amaua, Ha3HAYCHKE) PAOOTHI COCTOHT B ...
The paper describes new approaches (methods, techniques) to ...
B craThe onmMCcHIBarOTCS HOBBIE MOAXOABI (METOBI, METOJHMKH) K ...
The book is further developing the concept of ...
B kHwure manee pazpabaTbIBaeTCS KOHIICIIIHNS O ...

II. The study was intended to establish ...(for determining) ...
JT0 UccieoBaHre ObUTO MPEIIPUHSATO C LEIbI0 YCTAHOBJICHUS (ONpEeeNeHus) . . .
New facts (as to how) ... have been found ...
bbui 0OHapyKEHBI HOBBIC JAHHBIC O ...
If should be noted that this approach allows (permits, enables) to assume ...
Crnemyer OTMETUTh, 4YTO OTOT METOA TIO3BOJsET (Ha€T BO3MOXKHOCTH)
IPETIOTIOKUTD, ...
The details of ... are reported.
Omnucanbl TOJPOOHOCTH O ...
The theory supports the author’s assumption ...
Teopus mOATBEPKIAET MPEAMIOIOKEHNE aBTOPA ...
The approach used presents (has, offers) several advantages...
Hcnonp3oBanHbI MeTOT HMEET (TIPEICTABIISAET) HECKOIBKO PEUMYIIECTB.
The limitations are shown to be insignificant...
[TokazaHo, 9YTO OTpaHUYCHUS HE3HAYNTEIIHHBI.
Among other problems the paper raises the problem of ...
Cpenu apyrux mpobJeM B cTaThe OJHUMAETCS BOIIPOC O ...
Another approach was offered (suggested) ...
bbu1 peioxkeH Apyrou Mojaxofx ...
What is more ... - bonee Toro....
Not only...but also... - He TOJBKO ... HO H...
On the one hand/on the other hand — ¢ ogHO¥ cTOPOHBI/C APYTOit CTOPOHBI
Therefore — CnegoBatenbHo
Nevertheless — Tem He MeHee

III. A general conclusion is made concerning as to ...
JemaeTcst 00U BEIBOA, OTHOCUTEIIBHO ...
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Thus, a conclusion is made that ...

Taxum o6pas3om, caenaH BBIBOJ, YTO ...

Having analyzed the information the author comes to the conclusion that...
[Tpoananu3upoBaB BClo HH(DOPMAIINIO, aBTOP J€NIAeT BHIBOI, UTO ...

133



A Brief History of Fiber Optic

The Nineteenth Century

Figure 1 - John Tyndall’s Experiment

1. In 1870, John Tyndall, using a jet of 49,
water that flowed from one container to YO
another and a beam of light, demonstrated
that light used internal reflection to follow -
a specific path. As water poured out
through the spout of the first container, '

Tyndall directed a beam of sunlight at the T

path of the water. The light, as seen by the “' wu \
audience, followed a zigzag path inside Y | _—
the curved path of the water. This simple w
experiment, illustrated in Figure 1,
marked the first research into the guided
transmission of light.
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Leaks Cut
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2. William Wheeling, in 1880, patented a method of light transfer called “piping
light.” Wheeling believed that by using mirrored pipes branching off from a single
source of illumination, i.e. a bright electric arc, he could send the light to many
different rooms in the same way that water, through plumbing, is carried throughout
buildings today. Due to the ineffectiveness of Wheeling’s idea and to the concurrent
introduction of Edison’s highly successful incandescent light bulb, the concept of
piping light never took off.

3. That same year, Alexander Graham Bell developed an optical voice transmission
system he called the photophone. The photophone used free-space light to carry the
human voice 200 meters. Specially placed mirrors reflected sunlight onto a
diaphragm attached within the mouthpiece of the photophone. At the other end,
mounted within a parabolic reflector, was a light-sensitive selenium resistor. This
resistor was connected to a battery that was, in turn, wired to a telephone receiver. As
one spoke into the photophone, the illuminated diaphragm vibrated, casting various
intensities of light onto the selenium resistor. The changing intensity of light altered
the current that passed through the telephone receiver which then converted the light
back into speech. Bell believed this invention was superior to the telephone because it
did not need wires to connect the transmitter and receiver. Today, free-space optical
links find extensive use in metropolitan applications.
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THE TWENTIETH CENTURY

4. Fiber optic technology experienced a
phenomenal rate of progress in the second
half of the twentieth century. Early
success came during the 1950’s with the
development of the fiberscope. This
image-transmitting device, which used the
first practical all-glass fiber, was GAPOING
concurrently devised by Brian O’Brien at  CORE
the American Optical Company and  ueHT—
Narinder Kapany (who first coined the
term  “fiber optics” in 1956) and i Without cladding, light

« gradually leaks out.

Figure 2 - Optical Fiber with Cladding

Mo light laost — cladding allows
complete internal reflection.

%

colleagues at the Imperial College of
Science and Technology in London. Early ©
all-glass fibers experienced excessive

optical loss, the loss of the light signal as

it traveled the fiber, limiting transmission

distances.

5. This motivated scientists to develop glass fibers that included a separate glass
coating. The innermost region of the fiber, or core, was used to transmit the light,
while the glass coating, or cladding, prevented the light from leaking out of the core
by reflecting the light within the boundaries of the core. This concept is explained by
Snell’s Law which states that the angle at which light is reflected is dependent on the
refractive indices of the two materials — in this case, the core and the cladding. The
lower refractive index of the cladding (with respect to the core) causes the light to be
angled back into the core as illustrated in Figure 2.

The fiberscope quickly found application inspecting welds inside reactor vessels and
combustion chambers of jet aircraft engines as well as in the medical field.
Fiberscope technology has evolved over the years to make laparoscopic surgery one
of the great medical advances of the twentieth century.

6. The development of laser technology was the next important step in the
establishment of the industry of fiber optics. Only the laser diode (LD) or its lower-
power cousin, the light-emitting diode (LED), had the potential to generate large
amounts of light in a spot tiny enough to be useful for fiber optics. In 1957, Gordon
Gould popularized the idea of using lasers when, as a graduate student at Columbia
University, he described the laser as an intense light source. Shortly after, Charles
Townes and Arthur Schawlow at Bell Laboratories supported the laser in scientific
circles. Lasers went through several generations including the development of the
ruby laser and the helium-neon laser in 1960. Semiconductor lasers were first realized
in 1962; these lasers are the type most widely used in fiber optics today.

7. Because of their higher modulation frequency capability, the importance of lasers
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as a means of carrying information did not go unnoticed by communications
engineers. Light has an information-carrying capacity 10,000 times that of the highest
radio frequencies being used. However, the laser is unsuited for open-air transmission
because it is adversely affected by environmental conditions such as rain, snow, hail,
and smog. Faced with the challenge of finding a transmission medium other than air,
Charles Kao and Charles Hockham, working at the Standard Telecommunication
Laboratory in England in 1966, published a landmark paper proposing that optical
fiber might be a suitable transmission medium if its attenuation could be kept under
20 decibels per kilometer (dB/km). At the time of this proposal, optical fibers
exhibited losses of 1,000 dB/ km or more. At a loss of only 20 dB/km, 99% of the
light would be lost over only 3,300 feet. In other words, only 1/100th of the optical
power that was transmitted reached the receiver. Intuitively, researchers postulated
that the current, higher optical losses were the result of impurities in the glass and not
the glass itself. An optical loss of 20 dB/km was within the capability of the
electronics and opto-electronic components of the day.

8. Intrigued by Kao and Hockham’s proposal, glass researchers began to work on the
problem of purifying glass. In 1970, Drs. Robert Maurer, Donald Keck, and Peter
Schultz of Corning succeeded in developing a glass fiber that exhibited attenuation at
less than 20 dB/km, the threshold for making fiber optics a viable technology. It was
the purest glass ever made.

9. The early work on fiber optic light source and detector was slow and often had to
borrow technology developed for other reasons. For example, the first fiber optic
light sources were derived from visible indicator LEDs. As demand grew, light
sources were developed for fiber optics that offered higher switching speed, more
appropriate wavelengths, and higher output power. For more information on light
emitters see Laser Diodes and LEDs.

10. Fiber optics developed over the years

Figure 3 - Four Wavelength Regions of in a series of generations that can be
Optical Fiber closely tied to wavelength. Figure 3 shows

three curves. The top, dashed, curve
corresponds to early 1980°s fiber, the

- D=
- { -E 5?-:’ middle, dotted, curve corresponds to late
';E 6 . | ! t:u ; f 1980’s fiber, and the bottom, solid, curve
SR Ve BTER corresponds to modern optical fiber. The
§ 3 A §§ it earliest fiber optic systems were
F o3 ;EE i developed at an operating wavelength of
£, 0T el E H |/ about 850 nm. This wavelength
O | moden] N AN , | | corresponds to the so-called “first
T T RO window” in a silica-based optical fiber.
007 0.8 0.9 1.0 14 1.2 13 1.4 1.5 1.6 1.7 1.6 1.0 20 This window refers to a wavelength
Wavelength (um) region that offers low optical loss. It sits

between several large absorption peaks
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caused primarily by moisture in the fiber
and Rayleigh scattering.

11. The 850 nm region was initially attractive because the technology for light
emitters at this wavelength had already been perfected in visible indicator LEDs.
Low-cost silicon detectors could also be used at the 850 nm wavelength. As
technology progressed, the first window became less attractive because of its
relatively high 3 dB/km loss limit.

12. Most companies jumped to the “second window” at 1310 nm with lower
attenuation of about 0.5 dB/km. In late 1977, Nippon Telegraph and Telephone
(NTT) developed the “third window” at 1550 nm. It offered the theoretical minimum
optical loss for silica-based fibers, about 0.2 dB/km.

13. Today, 850 nm, 1310 nm, and 1550 nm systems are all manufactured and
deployed along with very low-end, short distance, systems using visible wavelengths
near 660 nm. Each wavelength has its advantage. Longer wavelengths offer higher
performance, but always come with higher cost. The shortest link lengths can be
handled with wavelengths of 660 nm or 850 nm. The longest link lengths require
1550 nm wavelength systems. A “fourth window,” near 1625 nm, is being developed.
While it is not lower loss than the 1550 nm window, the loss is comparable, and it
might simplify some of the complexities of long-length, multiple-wavelength
communications systems.

Applications in the Real World

14. The U.S. military moved quickly to use fiber optics for improved
communications and tactical systems. In the early 1970’s, the U.S. Navy installed a
fiber optic telephone link aboard the U.S.S. Little Rock. The Air Force followed suit
by developing its Airborne Light Optical Fiber Technology (ALOFT) program in
1976. Encouraged by the success of these applications, military R&D programs were
funded to develop stronger fibers, tactical cables, ruggedized, high-performance
components, and numerous demonstration systems ranging from aircraft to undersea
applications.

15. Commercial applications followed soon after. In 1977, both AT&T and GTE
installed fiber optic telephone systems in Chicago and Boston respectively. These
successful applications led to the increase of fiber optic telephone networks. By the
early 1980’s, single-mode fiber operating in the 1310 nm and later the 1550 nm
wavelength windows became the standard fiber installed for these networks. Initially,
computers, information networks, and data communications were slower to embrace
fiber, but today they too find use for a transmission system that has lighter weight
cable, resists lightning strikes, and carries more information faster and over longer
distances.

16. The broadcast industry also embraced fiber optic transmission. In 1980,
broadcasters of the Winter Olympics, in Lake Placid, New York, requested a fiber
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optic video transmission system for backup video feeds. The fiber optic feed, because
of its quality and reliability, soon became the primary video feed, making the 1980
Winter Olympics the first fiber optic television transmission. Later, at the 1994
Winter Olympics in Lillehammer, Norway, fiber optics transmitted the first ever
digital video signal, an application that continues to evolve today.

In the mid-1980’s the United States government deregulated telephone service,
allowing small telephone companies to compete with the giant, AT&T. Companies
like MCI and Sprint quickly went to work installing regional fiber optic
telecommunications networks throughout the world. Taking advantage of railroad
lines, gas pipes, and other natural rights of way, these companies laid miles fiber
optic cable, allowing the deployment of these networks to continue throughout the
1980°s. However, this created the need to expand fiber’s transmission capabilities.

17. In 1990, Bell Labs transmitted a 2.5 Gb/s signal over 7,500 km without
regeneration. The system used a soliton laser and an erbium-doped fiber amplifier
(EDFA) that allowed the light wave to maintain its shape and density. In 1998, they
went one better as researchers transmitted 100 simultaneous optical signals, each at a
data rate of 10 gigabits (giga means billion) per second for a distance of nearly 250
miles (400 km). In this experiment, dense wavelength-division multiplexing (DWDM
technology, which allows multiple wavelengths to be combined into one optical
signal, increased the total data rate on one fiber to one terabit per second (10" bits
per second).

For more information on fiber optic applications see Fiber Optic Transport Solutions

The Twenty-First Century and Beyond

18. Today, DWDM technology continues
to develop. As the demand for data
bandwidth increases, driven by the
phenomenal growth of the Internet, the
move to optical networking is the focus of
new technologies. At this writing, nearly
half a billion people have Internet access
and use it regularly. Some 40 million or
more households are “wired.” The world
wide web already hosts over 2 billion web
pages, and according to estimates people
upload more than 3.5 million new web 00 " 0 1904 1996 1993 2000 2002 2008

pages everyday. 1991 1993 1995 1997 1999 2001 2003 2005

Figure 4 - Projected Internet Traffic
Increases
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19. The 1important factor in these

developments is the increase in fiber

transmission capacity, which has grown Figure 5 - The Growth of Optical Fiber
by a factor of 200 in the last decade. Transmission Capacity

Figure 5  illustrates this  trend.
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Because of fiber optic technology’s
immense potential bandwidth, 50 THz or
greater, there are extraordinary
possibilities for future fiber optic
applications. Already, the push to bring
broadband services, including data, audio,
and especially video, into the home is well
underway.
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20. Broadband service available to a mass market opens up a wide variety of
interactive communications for both consumers and businesses, bringing to reality
interactive video networks, interactive banking and shopping from the home, and
interactive distance learning. The “last mile” for optical fiber goes from the curb to
the television set top, known as fiber-to-the-home (FTTH) and fiber-to-the-curb
(FTTC), allowing video on demand to become a reality.

Tasks to the texts:

1. Write the précis of the in English.

2. Translate into Russian in writing paragraphs 5-7, 18-20.
3. Add to the text what you now about present usage of optical fiber.
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“Spaser” Shakes Up the Nanoworld

1. Researchers at Georgia State University in Atlanta and Tel Aviv University
in Israel have proposed a device based on surface plasmons* to shake things up in
very small systems. In a manner analogous to the way a laser operates, the “spaser”
(surface plasmon amplification by stimulated emission of radiation) would amplify a
specific surface plasmon excitation mode using a metallic particle as a resonant
cavity.

2. Surface plasmons are highly localized energy excitations on the surface of
materials. Although small in volume, they can cause big effects, making them
suitable for probing nanostructures. Today surface plasmons are generated with a
laser or by other resonant optical methods.

3. Unlike a laser, the spaser itself would be a nanoscale device. As theorized, it
would consist of quantum dots surrounding metallic nanoparticles. When excited
optically, electrically or chemically, the quantum dots would interact with their
surroundings and generate surface plasmons amplified by and accumulated in the
metallic nanoparticle, much like a resonant cavity in a laser.

4. The spaser would offer a number of advantages over current techniques,
explained Mark I. Stockman, a professor of physics and astronomy at Georgia State
University, who developed the concept with David J. Bergman. Because of its size,
the energy would be concentrated in a small area and in a specific and single mode. A
laser, in contrast, spreads its energy over the focal volume and over many plasmon
modes. This is inefficient and noisy, making precise nanoscale measurements
difficult. And again unlike a laser, a spaser would not be limited to creating luminous
surface plasmon modes. So-called dark surface plasmon modes exist, and they also
could be used to probe nanostructures with no stray radiation.

5. The device exists only in theory, but Stockman and Bergman are working
with Victor Klimov’s research group at Los Alamos National Laboratory in New
Mexico to implement it experimentally.

*plasmon — KBaHT MJIa3MEHHBIX KOJIEOAHUN
Task 1. Find in the text advantages of spaser over laser. Name and explain them.
Task 2. Write out key-words and wordcombinations and give their Russian

equivalents.
Task 3. Headline each paragraph.
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Laser printer

A laser printer is a common type of computer printer that rapidly produces high
quality text and graphics on plain paper.

The first laser printer was produced by Xerox when Xerox researcher Gary
Starkweather modified a Xerox copier in 1971. Laser printing eventually became a
multibillion-dollar business for Xerox. The first laser printer designed for use with an
individual computer was released with the Xerox Star 8010 in 1981; however,
although it was highly innovative, the Star was an expensive ($17,000) system that
was only purchased by a small number of laboratories and institutions.

There are typically six steps involved in the laser printing process:

1. Charging: A corona wire (in older printers) or a primary charge roller projects an
electrostatic charge onto the photoreceptor. a revolving photosensitive drum or belt
which is capable of holding an electrostatic charge on its surface as long as it hasn't
been exposed to certain wavelengths of electromagnetic radiation.

2. Writing: A Raster Image Processor (RIP) chip converts incoming images to a
raster image suitable for scanning onto the photoreceptor. The laser is aimed at a
moving mirror which directs the laser beam through a system of lenses and mirrors
onto the photoreceptor. Lasers (now typically laser diodes) are used because they
generate a coherent beam of light for a high degree of accuracy. Wherever the laser
strikes the photoreceptor the charge is reversed, thus creating a latent electro-
photographic image on the photoreceptor surface.

3. Developing: The surface containing the latent image is exposed to toner, very fine
particles of dry plastic powder mixed with carbon black or coloring agents. The
charged toner particles are electrostatically attracted to the photoreceptor where the
laser wrote the latent image.

4. Transferring: The photoreceptor is pressed or rolled over paper, transferring the
image. Higher end machines use a positively charged transfer roller on the back-side
of the paper to pull the toner from the photoreceptor to the paper.

5. Fusing: The paper passes through a fuser assembly, which, having rollers that
provide heat and pressure (up to 200 degrees Celsius), bonds the plastic powder to the
paper.

6. Cleaning: When the print is complete an electrically neutral rubber blade cleans
any excess toner from the photoreceptor and deposits it into a waste reservoir, and a
discharge lamp removes the remaining charge from the photoreceptor.

Different printers implement these steps in distinct ways. Some laser printers
actually use a linear array of light-emitting diodes to write the light on the drum. The
toner is based on either wax or plastic, so that when the paper passes through the
fuser assembly, the particles of toner melt. The paper may or may not be oppositely
charged. The fuser can be an infrared oven, a heated pressure roller, or (on some very
fast, expensive printers) a xenon flash lamp. Many printers have a toner-conservation
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mode or economode, which can be substantially more economical at the price of
slightly lower contrast. Color laser printers add colored toner (typically but not
always cyan, yellow, and magenta) in three additional steps or passes.

Aside from these components, typical maintenance is to vacuum the
mechanism, and eventually clean or replace the paper-handling rollers. The rollers
have a thick rubber coating which eventually become covered with slippery paper
dust and suffer wear. They can usually be cleaned with a damp lint-free rag and there
are chemical solutions that can help restore the traction of the rubber.

Modern color laser printers mark printouts by a nearly invisible dot raster. The
dots are yellow and about 0.1 mm in size, with a raster of about 1 mm. This is
purportedly the result of a deal between the US government and printer
manufacturers to help track counterfeiters.

The dots encode the printing date, time, and printer serial number in binary-
coded decimal on every sheet of paper printed, which allows pieces of paper to be
traced by the manufacturer to identify the place of purchase, and sometimes the
buyer. Some are concerned that this is a threat to the privacy and anonymity of those

who print.

Tasks to the text.
1. Divide the text into its logical parts.
2. Formulate the topic of each part.
3. What have you learnt about the main steps involved in the laser printing
process?
4. Render the text in English (10-12 sentences).
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Lasers for Atmospheric Studies

1. Using Lasers to Study Our Atmosphere

The Earth’s atmosphere and climate have become big concerns — and not just to
scientists. Terms like greenhouse effect, ozone hole and global climate are now
household words which conjure up either concern or controversy. What is causing
them? How serious are they?

Since the 1930s, when scientists first discovered ozone, a lot of progress has been
made in defining and measuring both natural and human influences on our
atmosphere. Using advances in technology such as radar and lasers, scientists have
gained a greater understanding of Earth’s atmosphere and how it might be changing.

Our ability to gather data from ground-based, airborne and now spaceborne
remote sensing devices has given us a new global perspective on our atmosphere.

2. Uses of Lasers

One key to understanding the atmosphere is the ability to study its components,
including clouds (liquid), aerosols (suspended particles) and ozone and water vapor
(gases). Researchers at NASA Langley use laser-based systems called lidars (light
detection and ranging) to study the atmosphere with high precision. A lidar can
penetrate thin or broken clouds in the lower atmosphere, where humans live, letting
researchers “see” the vertical structure of the atmosphere. A space-based lidar can
provide global measurements of the vertical structure of clouds and atmospheric
gases. Both ozone and water vapor are involved in many important atmospheric
processes that can affect life on Earth, climate change, weather, the Earth’s energy
budget, and regional and global pollution levels.

Perhaps the greatest value of lasers as remote sensing tools is the
unprecedented accuracy with which they can measure clouds. The Ilatest
advancements in laser remote sensing can fill the gaps we have in our understanding
of how clouds reflect and absorb solar energy, and how heat and moisture are
exchanged between the air, ocean and earth.

3. How Does A Lidar Work?

A lidar is similar to a radar, which is commonly used to track everything from
airplanes in flight to thunderstorms. Instead of bouncing radio waves off its target,
however, a lidar uses short pulses of laser light to detect particles or gases in the
atmosphere. Traveling as a tight, unbroken beam, the laser light disperses very little
as it moves away from its origin — such as from space down to the Earth’s surface.
Some of the laser’s light reflects off of tiny particles — even molecules — in the
atmosphere. The reflected light comes back to a telescope and is collected and
measured.

4. Why Put Lasers in Space?

Ground-based lidar instruments can profile the atmosphere over a single viewing site,
while lidars aboard aircraft can gather data over a larger area. Each of these methods,
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however, is limited to sampling a comparatively small region of the Earth.
Spaceborne lidars, including instruments on satellites, have the potential for
collecting data on a global scale, including remote areas like the open ocean, in a very
short period of time.

5. Remote Sensing Lasers in Space.

In September 1994, NASA launched the Lidar In-Space Technology Experiment
(LITE). LITE was the first use of a lidar system for atmospheric studies from space.
LITE orbited the Earth while positioned inside the payload bay of the Space Shuttle
Discovery (STS-64). During the ten-day mission, LITE measured the Earth’s clouds
and various kinds of aerosols in the atmosphere for 53 hours.

Because this type of lidar had never flown in space before, the LITE mission was
primarily a technology test. Scientists and engineers wanted to verify that the entire
system worked as planned while on orbit.

An important secondary goal of the LITE mission was to explore the applications of
space-based lidars and gain operational experience for a future satellite-based lidar
system. Such a satellite could provide continuous global atmospheric data.

NASA Langley researchers are now exploring the feasibility and potential advantages
of using lidar instruments on Earth-observing satellites.

6. The Future of Laser Remote Sensing

LITE and LASE collected data on a wide range of phenomena, from aerosols in
the upper atmosphere, to cloud droplets, pollutants and ozone in the lower
atmosphere. Future lidar instruments will be tailored to more specific purposes.
While one instrument studies the vertical structure of clouds, another will track urban
smog or desert dust storms; all of which affect Earth’s atmosphere, and, in turn, its
weather and climate.

Only by gathering more accurate information scientists can improve their
understanding of the atmosphere to the point where they can confidently predict its
behavior, and determine how it is being affected by human activities. This improved
understanding would enable us to prepare for natural telescope, scientists can
accurately determine the location, distribution and nature of the particles.

A lidar carries its own source of laser light, which means it can make
measurements both in the daytime and at night. The result is a revolutionary new tool
for studying what’s in our atmosphere from cloud droplets to industrial pollutants —
many of which are difficult to detect by other means.

5. Measuring Atmospheric Gases
While lidars like LITE measure the vertical distribution of clouds and small

particles in the atmosphere, they cannot measure important atmospheric gases, such
as water vapor and ozone. This type of measurement can be made with a Differential
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Absorption Lidar (DIAL). The DIAL technique was first demonstrated in the mid-
1960s, and DIAL systems have been flying on research aircraft for over a decade.

DIAL uses two pulsed beams of light at two slightly different wavelengths.
One beam determines the location of the particles or gases- its beam strength remains
relatively unchanged regardless of how many particles or how much gas is present.
The second beam, which is tuned to a slightly different wavelength, is partially
absorbed by the particles or gas. The amount of the second beam that is absorbed is
used to determine the amount of gas or particles present.

The LITE project paved the way for using laser technology on satellites.

Tasks to the text.

1. Match the following questions with the blocks of the text, rearrange questions in
their logical order and answer them.

1) When did scientists for the first time use a lidar system for atmospheric studies
from space?

2) What is the purpose of ground — based and spaceborne lidars?

3) What stands for the abbreviation a DIAL and what measurements can be made
with a DIAL?

4) When was it possible for scientists to get better understanding of Earth’s
atmosphere? Why did it become possible?

5) What new opportunities will lidar instruments give to scientists?

6) Where can a lidar penetrate and what can a space-based lidar provide?

7) What instrument is a lidar similar to?

2. Describe the principle of a lidar’s (the 3% blocks) and a DIAL’s (the 7% blocks)
operation.

3. What have you learnt from the 6% block of the text about important goals of the
LITE mission?

4. Write the abstract of the text (in English).

145



PRACTICAL USES OF X-RAY LASERS

1. The following is a literature survey on the practical engineering applications
of X-ray lasers. The coherent ultra-short wavelengths would be the only practical way
to manufacturing nanometer scale structures required in the fields of quantum-
electronics and for construction of nanometer sized robots (nanides). These lasers
could also be the only conceivable way to make holograms of complicated bio-
molecules while they are still within a living cell. And the promise of X-ray lasers for
inertial confinement fusion holds the promise of unlimited energy for humanity.

2. Nano-Electronics
The circuits required for quantum-electronics are much smaller than current
semiconductor technology. These devices hold the potential of operating with
insignificant dissipation by using properties of electrons confined to ultra-small
cavities of the order of the wavelength of the electron, taking advantage of
wavefunction quantization. Present day semiconductor VLSI manufacturing
technology considers this quantum wavefunction overlap as an impediment to the
quasi-classical electron-fluid approximation. This outdated approach severely limits
the minimum size of circuit elements before the noise attributed to the 'tunneling' of
electrons from nearby components causes irretrievable signal loss. Instead of fighting
this purely quantum effect, why not take advantage of it by shifting the emphasis
away from the classical conception of an electron-fluid towards the more 'natural' and
powerful quantum concept. Computers based on nano-electronics would be ultra-
dense, hyper-fast and superconducting; priceless attributes for a world starving for
table-top giga-flops and giga-bits for micro-dollars.

3. Nanotechnology Robots
The high spatial resolution of X-ray lasers could be used to shape parts for nanometer
scale robots. These 'nanides’ would revolutionize industry and medicine. In
manufacturing technology they could be programmed to fabricate anything merely by
providing them with enough raw materials in a water based medium. They could
build entire personal computers inside something that looks like a jug of milky liquid.
They could even be programmed to reproduce themselves in case more are needed. In
medicine they could be programmed to perform nano-surgical repairs anywhere
within a living host.
4. Bio-Holography

The coherence and short wavelength of pulsed X-ray lasers could be used to make
holographic snapshots of single bio-molecules within the living cell. This would
allow microbiologists the unprecedented freedom to examine complicated and fragile
organic molecules in their natural environment, while they still reside within living
cells. Under suitable conditions these molecules could even be 'caught in the act' of
important chemical changes during their normal functioning. No longer would there
be a need for the long laborious task of isolating, purifying and growing perfect
crystals on the space shuttle. Most of the larger bio-molecules change their shape
when removed from their natural watery environment, or when they are removed
from the cell.
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Tasks to the text.

1. Read paragraph 1.
a) Formulate the topic of the paragraph.
b)Give Russian equivalent of: ““...nanides”.

2. Read paragraph 2.

a) Compare quantum-effect-based technology with current semiconductor
technology.

b)Characterize computers based on nano-electronics.

3. Read paragraph 3.
a) State the main idea pf the paragraph.
b) Translate paragraph 3 in writing.

4. Read paragraph 4.

a)Extract the topic sentence from the paragraph.
b)Say, what makes nano-technology so fruitful for microbiology.
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Laser Welding Penetrates the Plastics Market

1. Lasers seem the obvious choice for welding plastics. Their flexibility is
second to none, and the quality of the weld is better than that achieved with most
other techniques. Despite these and many other advantages, however, their
penetration into the plastics market has been slow.

2. According to market analysts, there are several reasons for this. To
successfully use a laser to weld plastics, you not only have to redesign the plastic part
to be suitable for this process, you also have to adapt the material itself.

3. Metals and plastics react to laser energy very differently. Most polymers
absorb light in the UV and IR regions of the spectrum. In the visible and near-IR
range, they are usually transparent, and, to make them suitable for laser welding,
additional pigments must be embedded into the polymer matrix.

4. The color of the plastic affects its transmission and absorption characteristics
as well, but it has been shown that most kinds of thermoplastic elastomers can be
laser welded, even those with a high glass-fiber content. Different polymer materials
can be welded together, provided that they are chemically compatible and that the
melting temperature ranges match. Generally, those materials that can be welded with
ultrasonic methods also can be laser welded.

CO; vs. transmission welding.

5. Currently, the two main types of laser welding for plastics are CO, and
transmission laser welding. Plastics readily absorb CO, laser radiation, allowing
quick joints to be made; however, the depth of the beam's penetration is limited,
which restricts the technique to film applications. Very rapid processing of thin
plastic film is possible, even with fairly modest laser powers (<1000 W). The CO,
laser beam cannot be transmitted down a silica optical fiber, but it can be manipulated
around a complex process path using mirrors and either gantry or robotic movement.

6. Plastics absorb the radiation produced by Nd:YAG and diode lasers less
easily. These lasers are suitable for performing transmission laser welding, where one
plastic must be transmissive to laser light and the other must be able to absorb the
laser energy.

7. Transmission laser welding is by far the more common form or laser
technique for this application. Because the weld is between the overlapping planes,
the surface has an undamaged finish. The beam is transmitted by the transparent
plastic on top and then absorbed by the lower plastic layer, which heats up and
transfers the heat to the upper laver, where the two molten polymers merge and
solidify into one melt.

Notes to the text:

1. to embed — BcTaBIATH
2. gantry — paMOJIOKallMOHHAs AaHTEHHA
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Benefits of Using Lasers to Weld Plastics

For welding plastics, lasers provide many advantages over conventional welding
techniques such as ultrasonic or vibration welding.

A perfect surface is attainable.

Welding seam contours are flexible.

Minimal thermal and mechanical power input is required.

The weld is at least as strong as that achieved with the ultrasonic technique.

There are no microparticles — significant for medical applications.

Very fine structures with welding seams close to heat-sensitive components can be

achieved.

There is no melt ejection.

It has an excellent reject rate.

Controllable beam power reduces the risk of distortion or damage.
Precise focusing allows accurate joint formation.

The noncontract process is clean and hygienic.

Tasks to the text.

1. Match the following questions with the blocks of the text.

a. What are the reasons for slowing down laser welding penetration into the plastics
market?

b. Why transmission laser welding is performed with Nd:Y AG and diode lasers?

2. Write the abstract of the text in Russian.

3. Render the text in English (10-12 sentences).
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Dictionary

A

ablate, v — ynansars

absorb, v — nmoryomars

abundant, adj — oOnIbHBIN, H300MITYIOLIUI

accomplish, v — BBITIOJHATE, 3aBepIIaTh

according to, adv — B 3aBucuMocTu ot (4.-71.), (COrIacHo 4.-11.)
achieve, v — nocturarh, 100MBaTLCS

acquire, v — npruoOpeTaTh, JOCTUTaTh

alignment, n — HacTpoiika, BBIpaBHUBAHUE

ambient temperature — TeMIeparypa OKpysKaromien cpeinl
amount, n — KOJIMYECTBO, BeJINUEHA

amplify, v — ycunupath

apply, v — IpUMEeHSITh, IPUKIIABIBATh

appropriate, adj — MOXOISIIHI, COOTBETCTBYIOIIHMA
approximately, adv — npuOIM3UTENHHO, TOYTH

available, adj — mocTymHBIN, TOHBIN

augment, v — yBeJIMUUBAaTh (Cs1), yCHUIIUBATH (Cs1)

B

band, n — mmoJtoca, 30Ha
absorption ~ - oJI0ca MOTJIOIICHUS
conduction ~ - 30Ha MPOBOJAUMOCTHU
emission ~ - MoJoca U3Jy4eHHUs
forbidden ~ - 3anpemienHas 30Ha
frequency ~ - monoca yactor
impurity ~ - IpuMecHas 30Ha
transmittion ~ - oJI0ca MPOMyCKaHUs
valence ~ - BajieHTHas 30Ha

beam, n — ny4, my4oK Tyuden
oblique ~ - kocoil my4ok
vortex ~ - BUXpEBOU Iy4OK

belong, v —puHamiexarTh, OTHOCUTHCS

bright, adj — sipkuii

burn, v — ’)eub, CKUTATh, CTOPAThH

C

calculate, v — BBIYHCIIATH, TIOJICYUTHIBATH
capabilities, n, pl — BO3MOXXHOCTH

cavity, n — moJIoCcTh, (0OBEMHBIN) pe30HATOD
cell, n — stuelika, KiIeTka

circuit, n — cxema
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printed ~ - meyaTHas maTa
circumstance, n — 00CTOSITEIILCTBO
coating, n — OOIIMBKA, CI0M (MMOKPHITUE)
collapse, v — pymuThcs, CUJIBHO OClIa0eTh
collision, n — CTOTKHOBEHHUE
come about, v — IPOUCXOIUTh, CIYy4YaThCs
common, a — 001, OOBIYHBIN, pacIPOCTPaHEHHBIN
component, n — COCTaBHAasI 4acTh (JIEMEHT), y3ei, 010K
condition, n — 1) ycioBue; 2) pexum
confine, v — orpaHUYMBaTh, 3aKII0YATh B
constituent, n — cocTaBHas 4acThb
construct, v — CTpOUTh, KOHCTPYHUPOBATh, CO34aBATh
contain, v — coJiepxaTb B ceOe, BMEIIaTh
conventional, adj — 0OBIYHBIHN, OOIIETTPUHSTHIN
convert, v — nmpeo0Opa3oBarth, MpeBpamiaTh
conversion, n — MpeBpailleHue, MpeoodpazoBaHue, Nepexo/] (U3 OJHOTO COCTOSHUS

B JIpyroe)

cool, v — oxnaxnaath (cs)
cornea, n — porosasi 000JI04Ka riasa
correspond, v — COOTBETCTBOBATH
COVer, V — OXBaTbhIBaTh, OTHOCUTHCSA K
coverage, n — 0XBaT, MOKPHITUE

spectral ~ — ciekTpanbHBINA TUaNa30H
coworker, n — cOCITyXHUBeIl, KOJIera
current, n — TOK
currently, adv — B HacTosimiee Bpems

D
decrease, v — yMeHbIIATh
delicate, adj — HeXXHBIN, XpyTKUM, (311.)4yBCTBUTEIbHBIN
density, n — JIOTHOCTh
depend, v — 3aBuceTh
detonation, n — eToHaIus, B3PHIB
develop, v — pa3BuBarh (cs1), COBEPIICHCTBOBATH (CS1)
device, n — ycTpoiicTBO, MPUOOP, MEXAHU3M
dimension, n — pa3mep, BeTUYNHA, U3MEPECHHUE
discovery, n — OTKpBITHE
dipole, n — numnomns, BUOpaTop

electronic ~ - 3JIEKTPOHHBIN TUATIOND
distinguish, v — pa3nu4arts
divide, v — menmuTs (cs1), moapa3aenaTh (cs)
dope, v — 3anpaBisiTh, 100aBISATH
drop, v — nmajgaTh, CHUKaThCs
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E

eject, v — BEIOpachIBaTh, BHIMYCKAaTh, BHITAJIKMBATh, H3BEPraTh
emission, n — YMUCCHUSI, U3TYyUCHHUE, UCITyCKaHHE (DJIEKTPOHOB)
emit, v — HCIyCKaTh, U31y4aTh

emittance, n — TydeucyckareibHas ClioCOOHOCTh

emitter, n — U3JIy4aresb, SMUTTEP

employ, v — 1) npuMeHsITh, UCTIOIB30BATh; 2) MPEIOCTABIATH PadOTY
engineering, n — TEXHUKa, KOHCTPYUPOBAHHE

exact, adj — TOUHBIIA, BEpHBIii

excite, v — BO30y>K/1aTh, HAKAYMUBATh

exist, v — CyIlleCTBOBaTh, HAXOIUTHCS

equal, adj — paBHBIi

expansion, n — pacIIMpEeHUE, PACIPOCTPAHCHHE

explore, v — nccienoBaTh, U3y4aThb

exploration, n — uccinenoBanue

explode, v — B3pbIBaTh (Cs1)

extend, v — mpoctupats (cs), TAHYTH (Cs), MIPOTATUBATH
expenditure, n — TpaTa, pacxo

extract, v — U3BJIEKATh

evaporate, v — ucnapsTh (Cs1), BeIIapuBaTh (Cs1)

evidence, n — OCHOBaHME, JJOKA3aTEJIHLCTBO

F
facilitate, v — yckopsTh
feature, v — moka3bIBaTh, SBIATHCS XapaKTEPHOU YepTOU
flow, n — moTok

axial ~ — akcHaJIbHBIN MOTOK
forbid (forbade, forbidden), v — 3anpemniats
frequency, n — yactoTta, MNOBTOPSAEMOCTh
fuel, n — TormuBo, roproyee
fulfill, v — BEIIOIHATE
fundamental, adj — ocHOBHOM, KOpEHHOM
fusion, n — cuHTE3, CIUSIHUE

G

gain, v — oJjry4aTh, JOCTUTaTh, TOOMBATHCS
generate, v — IpOU3BOUTh, TCHEPUPOBATH
give off, v — BbIIENATh, UCITyCKATh

H

handle, v — ynpansiTh, peryiaupoBaTh, oOpamarbes (¢ K.-JI., C 4.-11.)
hard, adj — TBepabIi, KpENKUA, KECTKUN

heat, n — TeroTa, CTeneHb HarpeBa

152



I

identify, v — ycTraHaBIMBaTh TOXKJIECTBO, ONIO3HABAThH

impurity, n — npuMech

incandescent, adj — 1elCTBYIOLINIA MPU HAKATUBAHUHT
incoherent, a — HEKOTepPEHTHBIHN, HECBSI3HBIN, PaCKaJICHHBIN
increase, v — yBeJIMuuBaTh (cs1) (IOBBIIIATH), BO3pacTaTh (pacTu)
indicate, v — 1oka3bIBaTh, YKa3bIBaTh

influence, v — BIUATH

inherently, adv — o mpupoe

inject, v — BOpBI3ruBaTh, BBOJUTH

Instant, n — MOMEHT, MTHOBEHHE

intensity, n — MHTEHCUBHOCTb, CHJIA, SHEPTUs, (1. - HAMIPSYKEHHOCTD )
insulator, n — uzonsaTOp

interaction, n — B3aUMOACHCTBHEC

invent, v — ©300peTaTh, JA€jIaTh OTKPBITHE

invention, n — U300peTeHHE

inversion, n — HHBEPCHUS, U3MECHECHHUE

invert, v — mepeBOpavynBaTh, ePECTaBISITh, ”HBEPTUPOBATH
irradiate, v — u3iy4ats, 00J1y4aTh, OCBEIIATh

issue, n — CHOPHBIN BOIPOC, IPEAMET CIIOpa, pa3HOTIIACHE

J
junction, n — 1) y3en, coequHeHue, 2) CTBIK, CIai

L
lack, n — oTcyTcTBUE
last, v — mpoioKaThes, JJIUThCS
lattice, n — pemieTka
lead, v — BecTH, IPUBOAUTD, YIIPABIAThH, PYKOBOAUTH
at least, adv — o kpaiineit mepe
level, n — ypoBeHb
light, n — cBeT, ocBeleHuE,
~, adj — CBETJIbIN, JICTKUI
low, n — HU3KMH, cJ1a0BIi

M

manufacture, v — mpou3BoaNTH, 00padaTHIBaTh

mean, v — 03Ha4aTh, UMETh BBHTY

mean, adj — cpeTHMIA

means, n — 1) cpeactso (-a), cnocob (-b1); 2) ycTpocTBO, IPUOOP
by ~ of — nocpencrTeom

medium, n — 1) cpeza, BemecTBo; 2) cpeAcTBO, Cocod
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microwave, adj — MUKPOBOJIHOBBII
minimum, adj — MUHUMaJIbHBIN

shallow ~ - He0G0JIbIIIOE MUHUMATILHOE 3HAYCHUE
mixture, n — CMeCh, CMCIIIMBAHNE
monochromatic, adj — 0JTHOIIBETHBIN, MOHOXPOMATHYECKU
multiply, v — yMHOXaTh, YBETMYUBATD (CsI), YCUIUBATH (C51)

N
narrow, adj — y3kui, TECHBII
nearly, adv — 6au3ko
notable, adj — mpumedaTenbHbIN, 3aMETHBIN
nozzle, n — corio, HAKOHCYHHK
supersonic ~ - CBEpX3BYKOBOE COTLIO

Q)

occur, v — IpOUCXOAUTh

offer, v — mpeayarars, BbIIBUTATh

operate, v — paboTaTh, JeHCTBOBAaTh

oscillate, v — konebaTbcsi, BHOPUPOBATH
oscillator, n — u3nydarens, BUOpaTop, reHEpaATOP
ordinary, adj — 0OBIYHBIN, HOPMAJIBHBIN, MPOCTOMN

P

pattern, n — obpasertr, madJIoH

performance, n — (371.) paboTa; XapaKTEpUCTUKU
pink, adj — po3oBbIit

phenomenon, n — siBjIeHHE

power, n — cuia, MOIIIHOCTb, YHEPTHUS

profile, n — npoduib, ceuenue

precious, adj — IparoueHHbIN, NpeaeIbHO TOUHbBIN
primary, adj — nepBUYHbBINA, OCHOBHOM, TJIABHBIN
prove, v — 1) 10Ka3bIBaTh, HOJTBEPKAATH; 2) OKA3bIBATHCS
provide, v — cHabxath, o0ecrieunBaTh

pump, v — HAaKa4MBaTh, (KayaTh)

pure, adj — 9uCTBIN, OeCTIPUMECHBII

Q

quantitative, adj — KOJTMYE€CTBEHHBIN

R

radiation, n — U3Ty4YeHHE. paTUAUSL

raise, v — oJJHUMATh (cs1)

range, n — 1) auamnasoH; 2) 1adbHOCTh (paccTosiHue, JyInHa); 3) paauyc AeHCTBUS
rapid, a — ObICTpBIi, CKOPBII

154



rare, a — peaKun

rather than, adj — B 6omb1Ieli Mepe, 4yem; BepHee

reach, v — gocturars, (JI0XOIUTh)

receiver, n — IpUEMHUK

recognize, v — y3HaBaTh, IPU3HABATh

region, n — 00J1aCTh, 30Ha, MOJI0CA, CII0H (aTMOChephI)
relatively, adv — oTHOCUTEIEHO

release, v — BBIICTISITh, HCITYCKATh, BRLICBOOOXKIATh

relevant, adj — oTHOCHUTENbHBIN

require, v — TpeOOBaTh

research, n — (HayuHO€) UCClieJOBaHNE, U3yUYEHHUE, UCCIIe0oBaTeNbCcKas paboTa
resistance, n — CONPOTHUBIIEHUE, IPOTUBOACHCTBHUE

resistant, adj — CONPOTUBIAIOMUNACS, CTOWKHIA, TPOUHBIN
resolution, n — pa3perniaromas crocoOHOCTh (Cuiia), pa3peieHue
ruby, n — pyouH

S
semiconductor, n — HOJyIPOBOJHUK
separate, v — pa3enaTh(cs)
shaded, adj — 3amTpuxoBaHHbBIN
shell, n — o6osi0uka, kopiryc, (OCTOB)
shift, v — MeHSTH (Cs1), IEPEKITIOYATh, IEPEBOTUTH
significance, adj — Ba)KHOCTh, 3HAYUUMOCTh
simultaneously, adv — ogHOBpeMeHHO
single, adj — oquH, €IMHCTBEHHBIN
solution, n — pacTBOp
solvent, n — pacTBOpHUTENH
splice, v — coequHeHnEe BHAXJIECTKY, MECTO CPAILCHHS
source, N — ICTOYHUK
stable, adj — ycToiuuBbIi, CTAOUIIbHBIN, IPOYHBIIHI
stage, n — CTyIeHb, ITUKJI, 3TAIl, CTaus, IEPHO/I, da3a
stand for, v — o3HauaTth
state, n — COCTOSIHUE, ITOJIOKECHHE
free ~ - cBOOOTHOE COCTOSIHUE
lower ~ cBOOOIHOE COCTOSIHUE
repulsive ~ - COCTOSIHHUE OTTAIKUBaHUS
upper ~ -orpaHMuYE€HHOE COCTOSHUE
stimulate, v — mo0Oy>1aTh, CTUMYJIUPOBATh
suitable, adj — mogxoasmuii, TOAHBINA, COOTBETCTBYFOIIIHIA
sufficient, adj — mocTaToYHbBIN
surface, n — TOBEPXHOCTh

T
technique, n — 1) TexHuka, TEXHUUYECKHE MPUOOPHI; 2) TEXHOJIOTHS;
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3) TeXHUUYECKOE OCHAIlIEHUE (ammnapaTypa)

thickness, n — ToammHa, MIOTHOCTD
treat, v — paccMaTpuBaTh
tremble, v — npoxaTh, TPACTUCH
tremendous, adj — orpoMHBIHN, TOTPSICAIOIINIA
transverse — MonepevHbIn
trigger, v — 3aIycKarb, OTIUPATb,

~, N — IIyCKOBOE YCTPOUCTBO, TPUTTEP
tumor, n — onyXoJib
tunability, n — HacTporika

\Y%
variety, n — MHOXECTBO
vicinity, n — OKpECTHOCTb, OJIU30CTh
in the ~ of — okoJ10, TPUOTU3UTENHHO
vigorously, adv — sHEprUYHO
by virtue of — Garonaps yeMy-To, Ha OCHOBaHUHU YETr0-TO
visible, a — BUAUMEBIN

W
wave, n — BOoJIHa
wavelength, n — amvMHa BOTHBI
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m carxt-nerersver IIN
FOEYAAPCTBEHHbIA YHUBEPEUTET "\\\

B 2009 roxy YauBepcurer crai modeaureneM MHOTOATAITHOTO KOHKYpCa, B
pe3ynbTaTe KOTOPOro ONpeAeIeHb! 12 Beaynux YHUBEPCUTETOB Poccun, KOTOphIM
IpUCBOEHA KaTeropus « HanmoHanbHbIN Ucciie10BaTENbCKUN YHUBEPCUTET.
MunucrepctBoMm 06pazoBanus U Hayku Poccuiickoit denepariuu Obuia yTBepxKaeHA
[Iporpamma pa3BUTHS TOCYJaPCTBEHHOTO 00Pa30BaTEIBHOIO YUPEKICHHSI BBICILIETO
npodeccruonanbHOro oopazopanus «Cankr-IlerepOyprckuil rocyaapcTBEHHBIN
YHUBEPCUTET MHPOPMALIMOHHBIX TEXHOJIOTHI, MEXaHUKH U onTUKW» Ha 2009-2018
TOJIBI.

The Department of Foreign Languages

The department of foreign languages was established on 20 September 1931.
At that time the first new structural subdivision was singled out and the first head of
the department, the associate —professor Falk K.I. (1931-1941) was assigned.

13 teachers worked at the department, namely, 7 teachers of English and 6
teachers of German.

The department of foreign languages was headed by:

1941-1951 senior teacher Mitskevich Z.P.

1953-1973 senior teacher Lisikhina B.L.

1973-1993 senior teacher Dygina M.S.

Professor Markushevskaya L.P. has headed the department since 1993.

At present the department consists of four sections: English, French, Russian
and German, 30 teachers working in the staff.

More then 75 manuals were published at the department. The electronic
versions of English Grammar, Computer in Use, Studying Optics have been
produced. It helps students to improve their knowledge working on computers.

Much attention is given to working out different tests for distance education and
special courses.
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