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	MODULE 8       OPTICAL FIBRES
Texts:   

A. Communication with Lasers: Introduction
   

B. Optical Fibre Data Transmission Systems
C. Optical Fibre Video Transmission System
sD.Optical Fibre Telecommunication Systems


Terminology A:
1) communication system – системе связи;    optical  fibre communication system – волоконно-оптическая система связи  (ВОЛС); metal-wire communication system - кабельная система связи;
2) propagation loss – потери при распространении;
3) emitter – излучатель;   semiconductor light  emitter – полу​проводниковый излучатель света;
4) to detect – обнаруживать, регистрировать;   detector – приемник;  semiconductor light detector – полупроводниковый приемник света;
5) transmission capacity – пропускная способность,long-distance; (long-haul) transmission –передача на дальние расстояния;

6) channel – канал;

7) signal leakage – утечка сигналов;

8) cross talk – взаимные помехи;

9) repeater – ретранслятор.
Vocabulary Practice

       1. Underline prefixes and suffixes:

fundamental, summarize, reshape, freedom, mainly, optical, speci​fic, configuration, bandwidth, capacity, immunity, realize, in​terconnection, development, voltage, exchange, harmful, classify, environment, noisy, relatively.

      2. State what verbs these nouns are derived from: 

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

      3. Translate the word combinations with nouns: 

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

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

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

2)  transmitter, transmit, transmission, transmitted

        Repeaters are installed for long haul_________ in both systems.

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

4)  unamplified, amplified, amplifier, amplification

       The electric signals ________with the elecronic_______are then applied to the light emitter.
READING AND DISCUSSION

TEXT 8A COMMUNICATION WITH LASERS. INTRODUCTION
       Continuous ware oscillation of a semiconductor laser at room temperature was achieved in 1970, the same year in which an optical fibre with relatively low propagation loss was rea​lized. Since then marked progress has been made in the development of optical fibre communication systems, including semiconductor light emitters and detectors, optical fibres and cables, and interconnections, as well as system concepts.

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

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

· smaller size and lighter weight;

· wider bandwidth with lower propagation loss;

· longer distance between repeaters;

· higher transmission capacity in system;

· lower system cost per channel;

· electrical isolation of output from input in data paths;

· immunity to  electromagnetic interference;

· freedom from signal leakage and cross talk.

1900 п.зн.

        5.  Discuss the following questions: 

1) When was the continuous wave   oscillation of a semiconductor laser achieved? At what temperature?
2) What advances have been made in the development of optical fibre communication systems since 1970?
3) What are the main components of optical fibre communication systems? What parts of metal-wire communication systems do these components correspond to?
4) What is the function of a repeater?
5) Use Fig.  1  to describe the functioning of an optical fibre communication system.
6) What are the advantages of the optical fibre communication system compared with the metal-wire communication system? What are these mainly based on?
Review

         6.  Match the expressions on the left with those on the right:
	соответственно
	at room temperature

	следующим  образом
	since this time

	в обеих системах
	the electrical signals amplified

	помехи
	namely

	усиленные электрические сигналы
	respectively

	с этого времени
	in both systems

	а именно
	as follows

	при комнатной температуре
	mainly

	главным образом
	cross talk


       7. Study the following statements carefully and state whether they are true or not. Correct the false ones:
1) Since 1970, marked progress has been made in the development of metal-wire communication systems, including semiconductor light emitters and detectors, etc.

2) Repeaters are installed for long haul transmission in both systems.

3) In optical fibre communication systems the electrical signals amplified with the electronic amplifier are applied to oscillator.

4) Optical fibre communication systems are not free from signal leakage and cross talk.

       8.  Study the following items of Text А’s plan and reorder them according to the text:
1) The functioning of an optical fibre communication system. 

2) The advantages of an optical fibre communication system. 

3) The main components of the system.

4) Progress in the development of optical fibre communication systems.

5) The fundamental configuration of an optical fibre communication system compared with a metal-wire communication system.
 Terminology B:

1) data transmission system (data highway system)– система передачи данных; 

2) cable – кабель; electric power cable –  электрический кабель;  high voltage electric power cable – высоковольтный электрический кабель;

3) long-distance communication system – система  связка на большие расстояния;

4) terminal – терминал; terminal node – вывод терминала;

5) high(low) bit rate – высокая (низкая) скорость передачи информации;

6) main highway loop –  основная коммуникационная сеть компьютера.
Vocabulary Practice

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

possible, different,  advantage, noise,  transmit,  electric, compute,  apply, class, relate, leak, wide,

distant, origin, amplify, communicate, transmit, volt, power, specify, require, harm, require.
      2. Translate the combinations with nouns:

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

       3. Choose the correct form of each word to complete the sentence that follows:
1)
specific, specifically, specified, special
      Optical fibre communication systems are __________ advan​tageous in plant control.
2)
immunity, immune, immunize, immunization
      The optical fibre communication system is _________to electromagnetic interference.

3)
advantage, advantageous, disadvantage, disadvantageously
Optical fibre communication systems are__________ in data highway systems.

4)
requirement, required, require, requiring

      Semiconductor lasers are applied in the main highway loop _______ a relatively    high bit rate and long-distance transmission.
READING AND DISCUSSION
TEXT 8B OPTICAL FIBRE DATA TRANSMISSION SYSTEMS
       Data transmission systems are classified into two main types: control systems and computer systems. For control systems, optical fibre communication systems are specifically advantageous in plant control, where metal-wire communication systems suffer from severe electromagnetic interference arising from high-voltage electric power cables or from harmful environment.  Since the optical fibre communi​cation system is immune to electromagnetic interference, it is possible to lay optical fibre cables for data transmission close to high-voltage electric power cables. Semiconductor la​sers make it possible to realize a long-distance communication system. 
       For computer systems, optical fibre communication systems are advantageous in data highway systems, where metal-wire communication systems suffer from noise and difference of ground potentials. Data highway systems involve a relatively high bit rate and long-distance transmission, a large amount of data being exchanged through many terminal nodes. Since the output and the input are isolated electrically in data paths, optical fibre data highway systems are advantageous. Semiconductor lasers are applied in the main highway loop requiring a relatively high bit rate and long-distance transmission. Light-emitting diodes are applied to low bit rate, and short-distance paths between the terminal and the terminal node.

1400 п.зн.

         4. Discuss the following questions:

1) What are two main types of data transmission systems?
2) Why are optical fibre communication systems more advantageous in plant control than metal-wire communication systems?
3) Why is it possible to lay optical fibre cables for data transmission close to high-voltage electric power cables?
4) What makes optical fibre communication systems advantageous in data highway systems?
5) What type of laser is used in the main highway loop?
       5. Study the following statements carefully and state whether they are true or not.  Correct the false ones:

1) There are two main types of data transmission systems: con​trol systems and computer systems.

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

3) The optical fibre communication system is immune to electro​magnetic interference.

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

5) Data highway systems involve a relatively low bit rate and short-distance transmission.
      6.
Study the following items of Text B’s plan and reorder them according to the text:

1) The application of optical fibre communication systems in data highway systems.
2) The main types of data transmission systems.
3) The advantages of optical fibre communication systems over metal-wire communication systems for control systems.
4) The application of optical fibre communication systems for control purposes.
5) The advantages of optical fibre communication systems over metal-wire communication systems for computer systems.
        7. Read Text 8C and answer the following questions:

1) What are the advantages of optical fibre ITV systems? 

2) In what way do CATV systems operate? 

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

TEXT 8C OPTICAL FIBER VIDEO TRANSMISSION SYSTEMS
       Optical fibre video transmission systems are applied to industrial television (ITT) and CATV systems.  Generally, analogue modulation is preferred in short-distance transmission for economic reasons.  However, digital modulation is applied in long-distance transmission because of reduced problems on noise and linearity.

       The advantages of optical fibre ITV systems are the same as those of optical fiber plant control systems mentioned in Text B.

        In CATV systems, cables tend to be laid under harmful en​vironments.  When broadcasting TV information   in some cases microwave signals are received by an antenna at the top of a mountain.  Signals are transmitted to a station in a city from where they are distributed to subscribers (абонент). Metal-wire systems are damaged occasionally by lightning. However, optical fibre communication systems are free from such damage because the optical fibre is an electric insulator, as mentioned above.

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

       High-density optical signal transmission is realized using semiconductor lasers.  Several TV channels are transmitted using a semiconductor laser and a single optical fibre.              
1500 п.зн.
          8. Translate Text D in writing:

TEXT 8D OPTICAL FIBER PUBLIC TELECOMMUNICATION SYSTEMS  
       Telecommunication systems consist of a subscriber loop, an intra-city network or en inter-city network, and an interna​tional network.

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

        In submarine systems, which require ultimately high relia​bility, it is quite important to reduce the number of repeaters. Long repeater spacings ranging from 20 km to 50 km can be realized in optical fibre submarine systems with a 1.3 nm or 1.505 in GaAsP laser and a single-mode fibre. Thus, there is hope of optical fibre international telecommunication systems to appear soon. Optical fibre submarine systems without a repeater are also effective for telecommunication between a remote island and a big city or between remote islands.                                                                                                      1400 п.зн.

 Review
       9. Study the following sentences and group them according to   topics A, B or C:

          A.
Optical fibre communication systems. Configuration and Operation.

          B.
The applications of optical fibre communication Systems.

          C.
Metal-wire communication Systems and their disadvantages.
1) These systems are occasionally damaged by lightning.
2) Since this system is immune to electromagnetic interference, it is possible to lay the cables for data transmission close to high-voltage electric power cables.
3) The main three components of this system are the light emit​ter, the optical fibre, and the light detector.
4) When used for control these systems suffer from severe elect​romagnetic interference.
5) The electrical signals amplified with the electronic ampli​fier are then applied to the light emitter.
6) Submarine systems without a repeater are also effective for telecommunication between remote islands.
7) The main components of this system are the oscillator, the metal wire or cable, and the detector.

8) These systems are free from the damage by lightning because of the fibre’s being an electric insulator.
9) Optical signals are emitted from the repeater, which are reshaped to the original waveforms.

10) Long-distance telecommunication systems have practical ad​vantages in terms of economy and maintenance.
11) In the repeater optical signals are converted to electric signals by the light detector.
12) When used in computer systems they suffer from noise dif​ference of ground potentials.
      10. Use exercise 9 to speak on one of the topics above.
      11. Translate into English. Use the following words and word-combinations:

air communication,  to show superior characteristics,  through the air, atmospheric disturbances, to cover a wide area.
При использовании в ВОЛС наилучшие характеристики даёт полупроводниковый лазер. В открытых линиях связи, в которых лазерный  луч проходит через атмосферу, для уменьшения влияния атмосферных искажений требуется большая оптическая мощность. Таким образом, применяются мощные полупроводниковые лазеры, а также газовые и твердотельные лазеры с внешним модулятором. Оптическая связь с помощью лазеров занимает большое место в области связи.
SUPPLEMENTARY READING
A backbone of fiber (by Steve Matthews)

       It is estimated that, worldwide, optical fiber is being installed at the rate of 2000 miles per hour. Transmission bandwidths exceeding 1 Tbit/s have been demonstrated in the laboratory, and systems with an aggregate bandwidth of 400 Gbit/s are being installed. While early developers of laser diodes had the foresight to predict their enormous potential for communications, the pace of development in the last decade, in particular, has outpaced the most optimistic forecasts.

       The story of optical communications is in large part the story of the development of fiberoptics. It was by no means clear at the outset that fiberoptics would become the backbone of optical communications. Numerous early tests of communication using lasers were simply line-of-sight. However, "free space" as a communications medium at visible wavelengths suffers from the phenomena that obscure ordinary vision—rain, smoke, and the like. Developers turned to enclosed systems to guarantee transmission.

A diet high in fiber
       At the time that laser diodes were being invented, fiberoptics had been in use for more than a decade in medical applications. These medical probes provided the foundation for modern fiber design (see Fig. 1). The first optical probes used to view the interior of the stomach were inspired by a demonstration of sword swallowing, and were just about as safe. Flexible bundles of optical fibers arose from demands by doctors for safety and comfort, but, to preserve the transmission of light by total internal reflection, the individual fibers in the bundle needed to have cladding.

       Cladding the fibers prevented light from leaking out where the bundled fibers touched each another. The idea of wrapping each fiber with glass of a slightly lower index of refraction than the fiber core was the inspiration of Brian O'Brien at the University of Rochester (NY) in the early 1950s and derived from his studies of the way rods and cones in the eye transmit light back to the retina. With flexible optical cables in hand, endoscopy became a commonplace medical tool in the 1960s.

       Optical fiber has significant advantages as a medium, aside from the increased bandwidth that it carries. Optical cable is at least ten times smaller and lighter than copper and coaxial cable of similar capacity. It does not corrode, is unaffected by electrical interference, and, at least with current technology, is immune to security breaches ("bugging").

A challenge met
       However, fibers that were satisfactory for medical use, where an image travels a few meters, were far from useful for communication over kilometers. The clearest fibers available in 1965 had a loss of 1000 dB/km (that is, 0.1% transmission). Even if laser light of sufficient intensity had been available to overcome these losses, input power in optical cable is limited to a few milliwatts by nonlinear effects in the fiber.

       Network developers turned to alternatives that in hindsight seem unpromising, such as hollow tubes containing numerous focusing lenses made of gas, or abandoning optical frequencies altogether and using microwaves in waveguides. Picturephone, a video telephone system that AT&T demonstrated at the New York World's Fair in 1964, relied on this latter technology and was described as nearly ready for commercial release.

       But improvements in fiberoptics would soon render competing technologies obsolete. Much of the credit for these developments belongs to Charles Kao, a researcher who predicted in 1966 that fiber losses would be reduced to less than 20 dB/km, a value he calculated as the threshold for successful data transmission. Kao's tireless work at Standard Telecommunication Laboratories in England, together with his evangelical zeal, prodded researchers worldwide.

       Kao's vision was realized in 1970 by a team at Corning Glass Works (Corning, NY) that produced 200 meters of fiber with a loss of 16 dB/km, an achievement that many contemporaries had said was impossible. Coincidentally, this was the same year that the first continuous-wave, room-temperature diode laser was made at the Ioffe Institute in St. Petersburg. The pairing of these breakthroughs brought the development of optical-fiber-based networks to the forefront of development.

Overview of optical fiber
       Fibers are formed from pure silicon dioxide doped to control the refractive index, typically with germanium or boron. The fibers are drawn from a preform of the core and cladding together, made in a rotating high-temperature furnace. A recent development in fiber manufacturing is the use of "sol-gel" technology. Known for more than 100 years as a means of forming glass without the use of high temperatures, sol gel takes its name from the gelling of a colloidal mix (the sol) into a vitreous system. Today it is used as means of precisely controlling minute levels of dopants in the fiber preform.

       A modern fiber is 125 µm in diameter, but most of this is cladding, made thicker than optically necessary for ease of handling and protection of the core. The core itself is either 50 µm for multimode fiber or about 9 µm for single-mode fiber. The refractive index for multimode fiber is usually graded across the core diameter to reduce mode dispersion.

       The cladding on the fiber core does more than maintain its total internal reflection. Unclad fiber would need to be no more than about 0.2 µm in diameter to constrain light to a single mode. By altering the boundary conditions of the optical waveguide, the cladding allows the use of a much larger fiber for single-mode transmission than would otherwise be possible. Present day single-mode fiber cores, surrounded by a cladding layer about 1% lower in refractive index, are more than 40 times thicker than the microscopic unclad diameter.

       But in the 1970s coupling light into a fiber 10 µm in diameter was not a practical option for commercial installation. Multimode transmission provided sufficient bandwidth for early applications, and the 50-µm fibers were large enough to couple light from the source laser. Multimode fibers were combined with the greatly improved 850-nm laser diodes to form the first optical networks. The first public optical network was installed in Long Beach, CA, by GTE in 1977.

Submarine leads the way
       In the 1970s, companies whose business was providing long-distance communication via submarine coaxial cables began losing revenue to new satellite-based providers. Desperate to keep up, they turned to fiberoptic cable to regain the edge in system performance. Underwater cable, stretching over thousands of kilometers and expensive to install and repair, is a demanding application that has led to major improvements in optical network technology (see photo).
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FIGURE 2. Dispersion minimum can be shifted using doping to the 1550-nm region to take advantage of the lower loss at that wavelength. 

       The length of the fiber needed for submarine application requires single-mode transmission. Multimode pulses broaden in fiber due to the frequency dispersion of the pulse spectra by the fiber glass. Over a long distance, the data pulses will overlap, with resulting loss of information unless transmission speeds are limited. Single-mode transmission nearly eliminates this restriction.

       The difficulties in coupling and connecting single-mode fiber were less of a consideration for submarine cable, which is preassembled before going shipboard. In addition to single-mode fiber, early submarine installations also made use of the newly developed indium gallium arsenide phosphide (InGaAsP) laser diodes at 1300 nm, made specifically to take advantage of the minimal dispersion and 0.5-dB/km loss of silica at that wavelength (see Fig. 2). At this level, glass a kilometer thick is as clear as a window. The new lasers reduced the number of expensive repeaters required to boost signals across the ocean.

Sharks and hydrogen
       After years of extensive tests, numerous submarine fiber cables were installed during the 1980s. The underwater cables were not without their own peculiar problems, however. Sharks, attracted by the current fed to the repeaters, bit into the cables. More of a concern was an early and mysterious deterioration of the fiber, which turned out to be the result of hydrogen generated from the electrolysis of seawater interacting with phosphorus in the fiber glass. Removing the phosphorus eliminated the problem.

       The demands of the submarine application led to still another generation of optical networking with the installation of 1550-nm systems. Silica loss is lowest at this wavelength, typically around 0.2 dB/km, and the dispersion minimum at 1300 nm can be shifted to the longer wavelength by doping the fiber. New laser diodes were again developed specifically for this fiber window, which also coincided precisely with the technologies that made wavelength-division multiplexing (WDM) possible.

 Driving the next generation
       The development of high-performance PCs, including systems that were readily adapted as network servers, combined with the explosive growth of the Internet in the 1990s to cause an exponential increase in telecom traffic. Network capacity would have been overwhelmed but for the timely development of WDM and its associated technologies, such as optical amplifiers.

       Wavelength-division multiplexing is evolving from a means of increasing the capacity of an installed fiber to the basis for future all-optical networks. Current networks use numerous subsystems that must convert light to voltage for such basic functions as routing traffic. These points of conversion are the main bottleneck for the infrastructure—for example, where the network finally reaches into the home. The next-generation network will use optical components instead, with an anticipated increase in data flow that has led some observers to predict that the communications revolution is only just beginning.

 (Laser Focus World, 2000) 
Fiber-optic communication
       Fiber-optic communication is a method of transmitting information from one place to another by sending light through an optical fiber. The light forms an electromagnetic carrier wave that is modulated to carry information. First developed in the 1970s, fiber-optic communication systems have revolutionized the telecommunications industry and played a major role in the advent of the Information Age. Because of its advantages over electrical transmission, the use of optical fiber has largely replaced copper wire communications in core networks in the developed world.
       The process of communicating using fiber-optics involves the following basic steps: Creating the optical signal using a transmitter, relaying the signal along the fiber, ensuring that the signal does not become too distorted or weak, and receiving the optical signal and converting it into an electrical signal.
    Optical fiber is used by many telecommunications companies to transmit telephone signals, Internet communication, and cable television signals. Due to much lower attenuation and interference, optical fiber has large advantages over existing copper wire in long-distance and high-demand applications. However, infrastructure development within cities was relatively difficult and time-consuming, and fiber-optic systems were complex and expensive to install and operate. Due to these difficulties, fiber-optic communication systems have primarily been installed in long-distance applications, where they can be used to their full transmission capacity, offsetting the increased cost. Since the year 2000, the prices for fiber-optic communications have dropped considerably. The price for rolling out fiber to the home has currently become more cost-effective than that of rolling out a copper based network. Prices have dropped to $850 per subscriber in the US and lower in countries like The Netherlands, where digging costs are low.

        Since 1990, when optical-amplification systems became commercially available, the telecommunications industry has laid a vast network of intercity and transoceanic fiber communication lines. By 2002, an intercontinental network of 250,000 km of submarine communications cable with a capacity of 2.56 Tb/s was completed, and although specific network capacities are privileged information, telecommunications investment reports indicate that network capacity has increased dramatically since 2002.

    The need for reliable long-distance communication systems has existed since antiquity. Over time, the sophistication of these systems has gradually improved, from smoke signals to telegraphs and finally to the first coaxial cable, put into service in 1940. As these communication systems improved, certain fundamental limitations presented themselves. Electrical systems were limited by their small repeater spacing (the distance a signal can propagate before attenuation requires the signal to be amplified), and the bit rate of microwave systems was limited by their carrier frequency. In the second half of the twentieth century, it was realized that an optical carrier of information would have a significant advantage over the existing electrical and microwave carrier signals.

        However, no coherent light source or suitable transmission medium was available. Then, after the development of lasers in the 1960s solved the first problem, development of high-quality optical fiber was proposed as a solution to the second. Optical fiber was finally developed in 1970 by Corning Glass Works with attenuation low enough for communication purposes (about 20dB/km), and at the same time GaAs semiconductor lasers were developed that were compact and therefore suitable for fiber-optic communication systems.

    After a period of intensive research from 1975 to 1980, the first commercial fiber-optic communication system was developed, which operated at a wavelength around 0.8 µm and used GaAs semiconductor lasers. This first generation system operated at a bit rate of 45 Mbit/s with repeater spacing of up to 10 km.

        On 22 April, 1977, General Telephone and Electronics sent the first live telephone traffic through fiber optics, at 6 Mbit/s, in Long Beach, California. The second generation of fiber-optic communication was developed for commercial use in the early 1980s, operated at 1.3 µm, and used InGaAsP semiconductor lasers. Although these systems were initially limited by dispersion, in 1981 the single-mode fiber was revealed to greatly improve system performance. By 1987, these systems were operating at bit rates of up to 1.7 Gb/s with repeater spacing up to 50 km. The first transatlantic telephone cable to use optical fiber was TAT-8, based on Desurvire optimized laser amplification technology. It went into operation in 1988.

       TAT-8 was developed as the first undersea fiber optic link between the United States and Europe. TAT-8 is more than 3000 nautical miles in length and was the first transatlantic cable to use optical fibers. It was designed to handle a mix of information. When inaugurated, it had an estimated lifetime in excess of 20 years. TAT-8 was the first of a new class of cables, even though it had already been used in long-distance land and short-distance undersea operations. Its installation was preceded by extensive deep-water experiments and trials conducted in the early 1980s to demonstrate the project's feasibility.

       Third-generation fiber-optic systems operated at 1.55 µm and had loss of about 0.2 dB/km. They achieved this despite earlier difficulties with pulse-spreading at that wavelength using conventional InGaAsP semiconductor lasers. Scientists overcame this difficulty by using dispersion-shifted fibers designed to have minimal dispersion at 1.55 µm or by limiting the laser spectrum to a single longitudinal mode. These developments eventually allowed 3rd generation systems to operate commercially at 2.5 Gbit/s with repeater spacing in excess of 100 km.

       The fourth generation of fiber-optic communication systems used optical amplification to reduce the need for repeaters and wavelength-division multiplexing to increase fiber capacity. These two improvements caused a revolution that resulted in the doubling of system capacity every 6 months starting in 1992 until a bit rate of 10 Tb/s was reached by 2001. Recently, bit-rates of up to 14 Tbit/s have been reached over a single 160 km line using optical amplifiers.

       The focus of development for the fifth generation of fiber-optic communications is on extending the wavelength range over which a WDM system can operate. The conventional wavelength window, known as the C band, covers the wavelength range 1.53-1.57 µm, and the new dry fiber has a low-loss window promising an extension of that range to 1.30 to 1.65 µm. Other developments include the concept of “optical solitons,” pulses that preserve their shape by counteracting the effects of dispersion with the nonlinear effects of the fiber by using pulses of a specific shape.

       In the late 1990s through 2000, the fiber optic communication industry became associated with the dot-com bubble. Industry promoters, and research companies such as KMI and RHK predicted vast increases in demand for communications bandwidth due to increased use of the Internet, and commercialization of various bandwidth-intensive consumer services, such as video on demand. Internet protocol data traffic was said to be increasing exponentially, and at a faster rate than integrated circuit complexity had increased under Moore's Law. From the bust of the dot-com bubble through 2006, however, the main trend in the industry has been consolidation of firms and offshoring of manufacturing to reduce costs.

Modern Communication: The Laser and Fiber-Optic Revolution. Basic Research Remains Vital
        Amid those fast-paced developments, basic research continued to yield important improvements. In early 
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  signal, some sort of electronic circuitry was needed to convert it to electric current, amplify the current, and then drive a new laser to recreate the optical signal. This limited the system to the capacity of the electronic amplifiers, which was considerably less than the potential capacity of the lasers and optical fibers. But in 1985, at England's laser[image: image3.png]




 systems, the amplifiers for regenerating a weak signal constituted a bottleneck. Although optical devices could be used to detect an incoming , physicist S. B. Poole discovered a solution. Adding a small quantity of the element erbium to the glass used in optical fibers would make it possible to build an all-optic amplifier. A short strand of erbium- doped glass, spliced into the main fiber, would receive energy from an external source and act as a laser in its own right, amplifying a weak optical signal without using electronics.     

Poole's colleagues at Southampton, David Payne and P. J. Mears, and Emmanuel Desurvire at Bell Laboratories, proceeded to turn the discovery into practical and effective fiber-optic amplifiers. In 1991, investigators at Bell Laboratories demonstrated that an all-optic system would have a carrying capacity about 100 times that then achievable with electronic amplifiers. In short order, both European and American communication firms installed all-optic cables across the Atlantic, and a Pacific cable entered service in 1996.
       Clearly, progress has been remarkable and rapid. Impressive as these accomplishments are, even more dramatic advances are on the horizon. Although today's fiber-optic systems serve as trunk lines, carrying large numbers of voice and data channels between central telephone stations, industry specialists speak wistfully of the "last mile"--from the central station to your home. Today's telephone system spans that last mile with conventional copper-wire equipment, which provides good voice connections but is still inadequate for carrying large quantities of high-speed data. High-speed data lines for that last mile are available, and many businesses have them, but they are generally more expensive than is practical for home use today. Whatever new technology turns out to provide the last crucial link from individuals to the rest of the world, the research that gives rise to it will have come from scientists who probe beneath the immediate needs of any given industry, investigating seemingly unrelated processes to understand the fundamental nature of the world.
	MODULE      9  HOLOGRAPHY  

            Texts:   A. Fundamentals of Holography 

        B. Recording and Reconstruction Processes 
                                  C. Y. Denisyuk's Discovery
                        D. Holographic Information Storage


Terminology A:
1) three-dimensional image –  трехмерное изображение;
2) complete record – полная запись;

3) optical scene – оптический объект, картина;

4) conventional –  обычный, традиционный;

5) converging lens – сходящаяся, собирающая, линза;

6) interference pattern – интерференционная картина;

7) reference beam –  опорный пучок;

8) development –  зд.:  проявление, проявка;
9) obscure – неясный, смутный; 
10) viable – действующий, жизнеспособный.
Vocabulary Practice

   1.  Underline the suffixes:

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

2. Complete the table using a dictionary if necessary:
	verb
	noun(s)
	adjective
	adverb

	research
	
	
	

	
	
	complete
	

	
	
	
	transparently

	develop
	
	
	

	
	variation
	
	

	record
	
	distinct
	

	
	displacement
	
	

	arrange
	
	
	

	
	
	distinguishing
	

	determine
	observation
	
	

	
	
	
	separately

	compare
	applicability
	
	

	
	
	creative
	

	suggest
	
	
	


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

a)
creation, creator, creating, creative

A hologram can be considered to be an optical device capable of ________ three-dimensional images.

b)
expose, exposure, exposed, exposer

In real-time holographic interferometry the photographic plate after development is placed back in the same position it occupied during ___________.
c).   irradiate, irradiance, irradiator, irradiant

The wave front to be regenerated does not require the time coherence of the ________.

d).   converge, converging, convergence, convergent 

In conventional photography a  ___________ lens is used for focusing the light reflected from a scene.
READING AND DISCUSSION
TEXT 9A FUNDAMENTALS OF HOLOGRAPHY
       Dennis Gabor published the  first papers on holography in 1948. From 1948 through 1960 progress in the use and development of holography was slow because researchers working in this dis​cipline did not have a light source available that could produce intense light with a long coherence length. Emmett Leith and Juris Upatnieks working at the University of Michigan Institute of Science and Technology in the early 1960s produced the first holograms using a laser.  In doing so Leith and Upatnieks trans​formed holography from an obscure concept to a viable scientific and engineering tool.  In 1965 Powell and Stetson published the first paper on holographic interferometry.  Dennis Gabor received the Nobel Prize in physics for his work in 1972. 
       For our purposes, a hologram can be thought of as an op​tical device produced by using photographic techniques and laser light   that is capable of creating three-dimensional images.  The word hologram stems from the Greek root “holos”,   which means whole, complete, or entire, and “gram”, which means message.  Thus a hologram is a complete record of an optical scene.  In conventional photography the light reflected from a scene is focused – using a converging lens system – onto photographic emulsion.  Variation of the irradiance due to the image being focused on the emulsion is related only to the elec​tric field intensity amplitude of the light.  In holography photographic emulsion, usually on a glass plate, is exposed to an interference pattern produced by two coherent laser beams. One beam called the object beam is reflected from an object or scene to the photographic emulsion. The other beam called the reference beam is reflected directly from the laser to the photographic emulsion by using mirrors. Using this technique both the amplitude and the phase information about the electric field due to the light reflected from the scene can be recorded. After photographic development the resulting transparency is a hologram. By shining laser light – in some cases, white light – through a hologram, three-dimensional images can be produced.                                             
2200   п.зн. 

       5.
 Answer the following questions:    

1)  Who was the inventor of holography? 2)  Why couldn't Dennis Gabor produce a hologram in 1948? 3)  What source of light was used to produce the first holograms? 4)  How was D. Gabor's work appreciated? 5)  What does the word "hologram" mean? What is the origin of this word? 6) What is the difference in recording images by conventional photography and holography?   7) What are two coherent laser beams which produce interference pattern?   How are three-dimensional images produced?

Review

     6.
Match the parts of sentences in column A with those in column B to produce true statements:
	A.1)  Holography is a way of               
	B.  a)  complete or entire message.

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

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

	    4) The physical foundation of holography is
	    d)  the reference beam

	    5) A beam reflected from the laser to the   photоemulsion is called
	    e)  the science of waves, their interference and diffraction.

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


       7. Study the following sentences carefully and state whether they are true or not. Correct the false ones:
1)  Holography was invented in 1948 by Dennis Gabor, professor, 1972 Nobel Prize winner. 

2) Using a laser as a source of light he ran his experiments in the Research Laboratory in England. 
3) Since then, holography began to develop at a very rapid rate. 4) A hologram just like   conventional photography regenerates not a two-dimensional image of an object but the field of the wave which it scatters. 5) Emulsion in holography is exposed to an interference pattern produced by two coherent laser beams. 6)  The beam reflected from an object or scene to the photoemulsion is called a reference beam.
       8. Make sentences by matching the dates with the events listed in the text: 
	1)   In 1948
	a)   first holograms

	2)   From 1948 through  1960
	b)   photographic interferometry

	3)   In the early 1960s
	c)   the first papers on holography

	4)   In 1965
	d)   the Nobel Prize

	5)   In I972
	e)   didn't have a light source


        9. Rewrite the sentences to make a logical paragraph:

       In holography   photographic emulsion is exposed to an in​terference pattern produced by two coherent laser beams.  Thus it is a complete record of an optical scene. By shining laser light we see the object from different angles sensing its three-dimensional and realistic nature. The word “holography” origi​nates from the Greek "holos" meaning the whole? These are the object beam and the reference one.   Thus it is a complete record of an optical scene.
Terminology B:
1) to mount – устанавливать;
2) transparent phenomena – явления, происходящие в реальном масштабе времени;

3) split –  расщеплять, splitter –  расщепитель;  
4) pinhole –  пиксель (элемент разложения); 

5) bias –  смещать; 
6) spatial filter – пространственный фильтр; 

7) amplitude transmittance – коэффициент пропускания;  

8) quiescent point –  рабочая (неподвижная) точка; 

9) exposure curve – характеристическая кривая; 
10) fringe – полоса;
11) virtual image – мнимое изображение;
12) real image –  действительное изображение.
Vocabulary Practice

        1. Give as many derivatives of the following words as you can:
transit,    space,   finite,  quiet,  curve, unify, photo, image, consider, develop, reflect, observe.
       2. Continue the examples for each prefix meaning:

not (in-, un-, im-, ir-): inappropriate, incalculable, unnecessary, irrelevant, improbable…
again (re-): reassure, recover, recoil, refresh…
without (dis-): disability, disbelieve, disorder…
       3. Choose the correct form of each word to complete the sentence that follows:

a)  split, splitter, splitting, splitted

     By means of a beam _________the laser beam is divided into two different beam.

b)  dust, duster, dusty, dustiness

     The rings and stripes a hologram often contains are due to the diffraction of light on particles of     ________ getting onto the mirrors.

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

d)  virtual, virtualization, virtual, virtually

     Apparently, images from which the light is diverging are termed _________images.
READING AND DISCUSSION

TEXT 9B RECORDING AND RECONSTRUCTION PROCESSES  
Recoding process
       All the optical elements used in the production of optical holograms are moun​ted on an essentially vibration-free surface. Usually a heavy table with a steel or granite top isolated from floor vibration by air tubes provides this surface.  A continuous or pulsed laser operating in the TEM00 mode at a wavelength within the visible portion of the electromagnetic spectrum is used for holography. Pulsed ruby lasers are used to produce holograms of transient phenomena or when vibration is a problem.

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

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

        To obtain a linear recording, the emulsion is “biased” to establish a quiescent point in the linear portion of the transmittance versus exposure curve.  By making a linear recording it can be assumed that the amplitude transmittance of the emulsion after development is a linear func​tion of the irradiance incident on the emulsion during exposure. That is, t = to + β (Io + UgUo/2z + UgUo/2z), where to   is the “bias” transmittance established by the reference beam and β   is the product of the slope of the transmittance versus exposure curve at the quiescent point and the exposure time (Goodman, 1968). 
Reconstruction

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

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

1)  Why is it necessary to mount all optical elements used in producing a hologram on a vibration - free surface?  2) What lasers are considered to be the mostly commonly used for holography? 

3)  Why is it desirable that objects used in holography have dif​fusive surface? Explain your answer.  4)  What material is used to make such surfaces? 5) When is maximum coherence of the two beams obtained? 6)  Compare an emulsion used in holography before and after development. Is it different? 7)  Under what condition is a linear recording obtained?  
Review

       5. Match the parts of sentences in column A with those in column B to produce true statements:
	A. 1)   For producing a hologram all optical    elements are mounted
	B.  a)   pulsed ruby lasers are used to produce

holograms.

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

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

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

	     5)   In reconstructing a hologram some light is diffracted  by the fringes recorded in the emulsion due to
	      e)   on a infinite number of points on the photographic emulsion.


       6.  Study the following sentences carefully and state whether they are true or not. Correct the false ones:

1)  In order to provide a vibration-free surface all elements used to produce holograms are mounted on a heavy table. 2)  Pulsed ruby lasers are commonly used for holography. 3)  As a result of splitting   a laser beam both the reference beam and the object one are reflected by a mirror simultaneously. 4) Diffusive surfaces of objects are provided by thick layers of a silver halide. 5)  Before and after development a light amplitude transmittance of an emulsion is identical. 6) To reconstruct a real image a reconstruction beam opposite the reference beam is used to illuminate the hologram. 7)  In this case all the light passes in straight through the hologram. 8) To reconstruct a virtual image a collimated reconstruction beam is used. 

       7. Read the text below and answer the following questions:
1)  What are Lippmann layers? 2) What contribution into hologra​phy was made by Yu. Denisyuk?
       In 1962, just before the “holography explosion” the Russian physicist Yu N. Denisyuk published an important paper in which he combined holography with the ingenious method of photography in natural colours, for which Gabriel Lippmann received the Nobel Prize in l908. Lippmann produced a very fine-grain emul​sion with colloidal silver bromide and backed the emulsion with mercury serving as a mirror, light falling on the emulsion was reflected at the mirror, and produced as a set of standing waves. Colloidal silver grains were precipitated in the maxima of the electric vector in layers spaced by very nearly half a wave​length. After development, when the complex of layers illuminated with white light reflected a narrow waveband around the original colour did the wavelets scattered at the Lippmann layers add up in phase.

       Denisyuk’ s suggestion is as follows. The object wave and the reference wave fall in from opposite sides of the emulsion. Again standing waves are produced and Lippmann layers, but these are no longer parallel to the emulsion surface, they bisect the angle between the two wavefronts. If now, and this is Denisyuk’s principle, the developed emulsion is illuminated by the reference wave, the object will appear in the original position and (unless the emulsion has shrunk) in the original colour.
       Though Denisyuk showed considerable experimental skill, lacking a laser in 1962 he could produce only an “existence proof”. A colour reflecting hologram which could be illuminated with white light was first produced in 1965 by G.V. Stroke and A. Labeyrie.                              
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       8. Translate text D in writing: 

TEXT 9D HOLOGRAPHIC INFORMATION STORAGE  
       The application of holography which is certain   to have gained high importance   is information storage. Holography allows storing 100-300 times more printed pages in a given emulsion than ordinary microphotography. Even without utilizing the depth dimension the factor is better than 50. The reason is that a diffused hologram represents almost ideal coding, with full utilization of the area and of the gradation of the emulsion, while printed matter uses only about 5-10% of the area, and the gradation not at all.  A further factor arises from the utilization of the third dimension, the depth of the emulsion. This possibility was first pointed out in an ingenious paper by P.J. van Heerden in 1963.Theoretically it appears possible to store one bit of information in about one wavelength cube. This is far from being practical but the figure of 300 previously mentioned is entirely realistic.

       However, even without this enormous factor, holographic storage offers important advantages. A binary store, in the form of a checkerboard pattern on microfilm can be spoiled by a single grain of dust, by a hair or by a scratch, while a dif​fused hologram is almost insensitive to such defects. The holographic store is according to its author L.K. Anderson (1968) only a modest beginning, yet it is capable of accessing, for instance, any one of 64 x 64 printed pages in about a micro​second. Each hologram, with a diameter of 1.2 mm can contain about 104 bits. Reading out this information sequentially in a microsecond would of course require an impossible waveband but powerful parallel reading means can be provided. One can confidently expect enormous extensions of these “modest begin​nings” in the near future. 
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          10.  Render the text given below in English.  Use the following words:  
to  improve,  resolving power,  imagery  to  assume,  consi​derable,  undisturbed,  to be neglected.

       В 1947 г. Габор заинтересовался электронной микроскопией. Пытаясь усовершенствовать разрешающую способность электронного микроскопа, он предложил двухступенчатый метод получения опти​ческого изображения. Сначала объект освещается когерентной волной. Предполагается, что объект находится в таком состоянии, что значительная часть волны проникает через не​го невозмущенной.   Это означает, что, если волну выразить в виде суммы па​дающей и дифракционной волны, рассеяние последней незначи​тельно.
SUPPLEMENTARY READING
From the History of Holography

(D. Gabor’s lecture)

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

       Light which is  capable of interference is  called  “coherent”, and it  is  evident  that  in order to yield many  interference fringes  it must be very monochromatic.  Coherence is convenient​ly measured by the path difference between two rays of the same source, by which they can differ while still giving observable interference contrast.  This is called the coherence length, an important quantity in the theory and practice of holography; Lord Rayleigh and Albert Michelson were the first to under​stand that it is a reciprocal measure of the spectroscopic line width.  Michelson used it for ingenious methods of spectral analysis and for the measurement of the diameter of stars.
Some Basic Concepts
       Some of the questions about holography which come to mind immediately might serve as a good starting point for our discussion. They are: "What is a hologram? And how does holography work?" Note that the process is referred to as holography while the plate or film itself is referred to as a hologram. The terms holograms and holography were coined by Dennis Gabor (the father of holography) in 1947. The word hologram is derived from the Greek words "holos" meaning whole or complete and "gram" meaning message. Older English dictionaries define a hologram as a document (such as a last will and testament) handwritten by the person whose signature is attached. 
       The theory of holography was developed by Dennis Gabor, a Hungarian physicist, in the year 1947. His theory was originally intended to increase the resolving power of electron microscopes. Gabor proved his theory not with an electron beam, but with a light beam. The result was the first hologram ever made. The early holograms were legible, but plagued with many imperfections because Gabor did not have the correct light source to make crisp, clear holograms as we can today nor did he use the off axis reference beam which we will describe later. What was the light source he needed? The LASER, which was first made to operate in 1960. 

       Laser light differs drastically from all other light sources, man-made or natural, in one basic way which leads to several startling characteristics. Laser light can be coherent light. Ideally, this means that the light being emitted by the laser is of the same wavelength, and is in phase. These might be new terms for some of you, so let us form an analogy that might clarify the term coherence. 

       Let's say that you are flying over a freeway at rush hour, and directly below you is a long tunnel that all the cars must go through. Nothing is strange about the fact that all different styles and makes of motor vehicles emerge from the tunnel at differing velocities. A Cadillac at 75 mph, a Volkswagen at 45 mph, a motorcycle at 60 mph, a truck at 40. The distances between vehicles also vary. Thus you have different types of vehicles at varying speeds, and at constantly changing distances between each other. 

       But then something vary strange takes place; you see that more and more 1973 Cadillac Coupe de Villes are emerging. No, wait, look! All the cars coming out of the tunnel are 1973 Cadillac Coupe de Villes, gold with tinted windows, exactly alike, (a situation not totally uncommon in some carefully chosen Southern California suburbs). Not only are they the same year, make and color, but they are all traveling at exactly the same speed and all bumper to bumper, never changing. So that if you just happened to have a stopwatch to hand you would find that the cars are exiting at a rate of one car per second. If you were to leave, or more likely, pass out from the fumes, you would observe upon reawakening that the exit rate of the cars is still exactly one car per second. The cars are in phase. 

       The way in which coherent light is emitted from a laser is analogous. Keep in mind that although absolute 100% coherence is rarely, if ever, attained, there are certain types of lasers readily available which have sufficient coherent to make excellent off axis holograms. The light emitted from a laser is all exactly the same type, or make, depending upon the characteristics of the substance which is lasing. I will explain in the next chapter what the term laser means, and how the laser works to give coherent light. Right now it is important to remember that the frequency of laser light is unvarying and that in the same medium, all light, i.e., light of different wavelengths of frequency, travels at the same speed. 

       It's true that all electromagnetic radiation, including the very small portion we call visible light, travels in a vacuum at the approximate finite speed of 186,000 miles per second. (Note, the velocity of light in a vacuum is one of nature's constants and is referred to by the letter c). Light waves, can oscillate at different frequencies and with correspondingly different wavelengths so that for any given amount of time, say one second, a greater number of shorter wavelengths of (blue) light would be emitted from a laser than longer vavelengths of (red) light. This does not mean that different wavelengths travel at different speeds. Again to the freeway analogy; given the same speed and same distance between cars, more Volkswagens (short wavelength) than Cadillacs (long wavelengths) would pass by a point in the same amount of time. 

       Now is a good time to define some terms used previously but that you will see throughout this explanation. Wavelength, usually symbolized by the the Greek letter [image: image5.png]


for lambda, and frequency, symbolized by the Greek letter v pronounced nu, have a reciprocal relationship v = C. The shorter the wavelength, the higher the frequency and vice versa. The amplitude is the height or intensity of the wave. For example, a laser rated at 5mW (milliwatts, or thousandth of a watt) would give off light at the same frequency and wavelength as another laser of the same type rated at 1 mw. But the wave heights of the 5 mw laser light would be five times higher than that of the 1 mw laser. 

       The wavelength is the distance from one crest to the next; this is also one cycle. It seems logical that we would need some constant measure of time in order to count the cycles. This constant unit of time is usually one second. Thus the term cycles per second, or cps., which is often referred to as Hertz or Hz (in honor of the German Physicist Heinrich Rudolph Hertz, who discovered radio waves). The oscillation frequency of electromagnetic radiation in the visible region is approximately 10 Hz. Wavelengths of visible light are between 400 and 700 nanometers or billionths of a meter in length. 

       We have described light as energy that travels through space in a wave form. For our purposes in talking about holography this is the case. However, the theory of light has unfolded miraculously, involving such great minds as Issac Newton, Thomas Young, Christian Huygens, Max Planck, Niels Bohr and, of course, Albert Einstein. Still, the dual characterist of light remain one of the many puzzles of nature. The particlewave problem which we refer to was clarified somewhat in the year 1900 when Max Planck proposed that all electromagnetic energy is radiated in discrete packages which he called quanta, or singular quantum. Einstein later confirmed Plank's theory via the photoelectric effect and used the word photon to refer to these energy packages. Scientists today refer to light sometimes as particles (photons or quanta) and other times as continuous waves depending on the situation or experiment. The problem is not with nature but with our models or concepts of nature. It is always very important to remember not to let your idea or model of the way anything should be usurp the place in your mind of the way it is or might be. That place should always be open for new information whether it agrees with theory or not. 
       Light travels in a wave form. More precisely, a transverse wave form. The crests and troughs of the waves (which in the case of light are electromagnetic fields) are rising and falling in a direction at right angles to the direction of travel. A swell or wave in the ocean is a good example of transverse wave motion. You'll notice that the rising and falling action of the wave is at right angles to the direction of travel. 
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       A simple proof of the wave theory was first demonstrated by an English physician named Thomas Young in 1802. He forced the light from a single light source to pass through a narrow slit and then forced that same light to pass through two more narrow slits placed within a fraction of an inch of each other. The light from the two slits fell on a screen. Surprisingly he saw not jut the simple accumulation of the light from both slits on the screen, but a pattern of light and dark lines. He believed the pattern 
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was the result of the mixing of the waves of light emanating from the respective slits. 

       At the time it was very difficult for the many justifiably avid fans of Issac Newton to incorporate this new discovery into Newton's particle theory of light. Newton tried to explain optical phenomena such as refraction and reflection in terms of gravitational-like effects. As it turned out later, in a way, Newton's theory was given partial confirmation by the Quantum Theory. 

       The lines or "fringes" which Young saw, we call the interference pattern of the two light waves. When a crest interferes with a crest it is positive, or constructive interference, resulting in a bright spot. On the other hand, when a crest meets a trough we have a dark area or destructive interference. 

       As mentioned earlier, light waves oscillate at approximately 10 Hz., or a million billion times per second. There is no machine known to man sensitive enough to record the individual fluctuations additive effect of the light waves of which at each second 10 to the power of 15 wavelengths are interacting on the screen. This number, like so many numbers you may encounter in such fields as physics, astronomy and electronics, is incomprehensible. Yet precise measurement is part and parcel of the advancement of science. Suffice it to say that one billion seconds, for example, equals roughly 30 years, and 10 to the power of 15 seconds is one millions times that. 

       If the number is so fantastic and if even today we can't measure the waves individually, how did we discover that light was electromagnetic radiation? It's all thanks to the amazingly successful mathematical theory of J. Clark Maxwell, developed in 1864. He predicted not only the electromagnetic nature of light but also the speed at which it travels. Einstein used these same equations as a basis for his theory of special relativity. However, in order to understand exactly how light waves are formed, we had to wait until the year 1900 and the aforementioned Quantum Theory. 
(http://www.holography.ru/histeng.htm)

	MODULE         10   LASER RANGEFINDING

 Texts A   Pulsed Laser Rangefinding Systems
 B. C.  Cooperative and 

Non-Cooperative Targets
     D. Atmospheric Aerosol Pollution Monitoring



Terminology:
1) range – диапазон; расстояние; ranging – измерение рассто​яния,  определение дальности, pulsed laser rangefinding system (rangefinder) – импульсный дальномер; modulated  beam (modulated continuous wave) range-finder – фазовый дальномер; range resolution – разрешение по дальности;

2) heterodyne detection – гетеродинный прием;

3) sighting channel –  визирный канал; sighting telescope –  визирная труба;   bore sighting (harmoni​zation) – установка направления, юстировка;

4) transmitter (receiver) optical train – система оптических элементов передатчика
      (приемника)
5) effective focal length – полезное (эквивалентное) фокусное расстояние;
6) energy – storage capacitor – емкостный конденсатор;

7) high-speed counter –  высокоскоростной счётчик;

8) head amplifier – предусилитель;

9) threshold comparator – пороговое устройство (компаратор);

10) false alarm – ложная тревога;

11) clock frequency – тактовая частота;

12) first (last) pulse mode – измерение дальности по первому (последнему) импульсу;

13) low-impedance output – низкое выходное сопротивление. 

Vocabulary Practice

       1. Pick out the words that do not suit in the following groups:
a) radar, filter, receiver, amplifier, transmitter, lunar, rangefinder, resonator, splitter, detector;
b) distant, electronic, visible, coincident, circuit, focal, effective, radial, appreciable, additional;
c) accuracy, circuitry, equipment, detection, majority, source, precise, ratio, magnification, target.
2. Combine the words from groups A and В to make terms:
A                                                                        B 

	1)   electron
	7)   last-pulse
	a)   alarm
	g)   ranging

	2)   beam
	8)   heterodyne
	b)   telescope
	h)   resolution

	3)   false
	9)   sighting
	c)   velocity
	i)   detection

	4)   lunar
	10) focal
	d)   divergence
	j)   effect

	5)   Doppler
	11) range
	e)   circuitry
	k)  laser

	6)   Q~switched
	12) target radial
	f)   length
	l)   mode


       3. Choose the correct word   to complete the sentence that follows:

a)     pumping, pumped, pump

The overwhelming majority of laser rangefinders use an optically _______ solid-state laser as the source of trans​mitter power.

b)    effectuate, effective,   effectively, ineffective

The field of view of the receiver channel is determined by the ratio of the size of the detector to the ___________focal length of the receiver objective lens.

c)    effect,  affect, affected, affecting

The transmitted spot is often made 20 to 30% smaller than the receiver field of view so that small differences between the two optical axes do not ___________ the overall system accuracy. 

d)    future, farther, furthermore, further

The signal level is then ___________    increased in the main amplifier. 

e}    whether, weather, whatever, whereas

This technique allows the operator to choose ___________to display the first or the last range value received.

       4.  Match the terms on the left with those on the right:
	1)    precise lunar or satellite ranging
	a)   поле зрения приемного канала

	2)    visible laser rangefinders
	b)   источники питания электронного оборудования

	3)    the magnification of the transmitter telescope
	c)   лазерные дальномеры видимого диапазона

	4)    the field of view of the receiver channel
	d)   точно измерение расстояния до Луны и спутников

	5)    quartz-controlled oscillator
	e)   расстояние до требуемой цели

	6)    threshold value
	f)   спектральный селективный фильтр

	7)    storage register
	g)   кварцованный генератор

	8)    the range of the wanted target
	h)   увеличение телескопа передатчика


	9)    wavelength - selective filter
	i)   регистр памяти

	10)  electronic supplies
	j)   пороговое значение


READING AND DISCUSSION
TEXT 10A PULSED LASER RANGEFINDING SYSTEMS

Introduction

       The overwhelming majority of laser rangefinders in opera​tion at the present time use an optically pumped solid-state laser as the source of transmitter power, but pulsed CO2 laser systems are now also making an appearance. The principles upon which these systems work are common to all, and the differences between various instruments lie in the fine details of the optical design and of the electronic circuitry. Pulses of dura​tion 10 to 50 ns (giving accuracies of a few metres) are usual, but shorter pulses may be used for precise lunar or satellite ranging, and longer pulses are used in heterodyne CO2 laser systems.
The Principal Optical Elements
       Rangefinding systems generally have three optical channels; these are the sighting telescope, and the transmitter and receiver optical trains. It is normal practice, at least for visible or near-visible laser rangefinders,  to combine two chan​nels together in a single optical train and some designs even combine all three functions using polarization to separate the transmit and receive beams and a wavelength -selective filter   to separate out the sighting channel.

       The beam divergence produced by the laser resonator is decreased by the magnification of the transmitter telescope, and is usually in the region of 0.5 mrad for instruments operating in ranges up to 10 km. The field of view of the receiver channel is determined by the ratio of the size of the detector to the effective focal length   of the receiver objective lens. The size of the transmitted beam and the image of the detector at the target are usually made to be about the same order of size although the transmitted spot is often made 20 to 30% smaller than the receiver field of view so that small differences between the two optical axes do not affect the overall system accuracy. The process of aligning the three optical axes of the system to be coincident is referred to as boresighting or harmonization.

Electronics
       Upon a command from the operator, the electronic supplies are turned on and the energy storage capacitor charged to its working voltage. Then, when the sighting telescope has been carefully aligned to point at the target, the transmitter pulse is initiated. A small fraction of the energy from the pulse is picked off and fed to a fast photodiode; the output from the diode initiates a high-speed counter which is clocked by pulses from a quartz-controlled oscillator. A small fraction of the energy reflected from the target is collected by the receiver lens which is focused on to the detector.

       The output from the detector is fed to a head amplifier which converts the current developed by the detector in a high impedance to a low-impedance output while minimising   the addi​tional noise introduced by the conversion process. The signal level is then further increased in the main amplifier. The am​plified signal is applied to a threshold comparator; if the signal exceeds an internally set voltage, the clock is stopped. The threshold has to be set so that noise signals alone only very rarely cross the threshold to create false alarms, and yet must not be set so high that there is an appreciable proba​bility that true signals will be missed.

       If the clock frequency is chosen correctly, the number of clock periods stored in the counter can be simply related to the range of the target. For example, if the clock frequency is set at 29.978 MHz, light will travel 10 m in one clock cycle and thus the range resolution of the instrument will be +-5. Some designs can cope with more than one pulse exceeding the threshold value; in this case the clock is not actually stopped by the signal crossing the threshold level but instead the clock count at each occurrence is fed into a set of storage registers, which are read out in sequence at the end of the ranging operation.

       It is then left to the judgment of the operator to decide which is the true range to the target. A simpler variant of this technique allows the operator to choose whether to display the first or the last   range value received. For example, when operating under conditions where smoke or haze is present it would be advantageous to use last-pulse mode, whereas when operating in clear   conditions against a target outlined against a more distant hillside, the first pulse is most likely to cor​respond to the range of the wanted target.         
                                                                                    4400 п.зн. 

       5. Questions to the text:
1) What types of lasers are mainly used in the present-day rangefinding systems as the source of transmitter power? 2) List the three optical channels of a typical rangefinding system. 3) What is the function of a wavelength - selective filter? 4) In what way can the field of view of the receiver channel be determined? 5) What is boresighting? 6) List the principal circuit elements of a pulsed laser rangefinder? 7) In what way does the threshold have to be set? 8) When does the operator choose the last-pulse mode?
        6.  Speak about  the optical elements of a pulsed laser rangefinder.
       7.  We distinguish two types of target:  those giving deliberately enhanced return , called cooperative (кооперируемые) targets, and other targets, referred to as non-cooperative (некооперируемые). Read the texts given below and find out which of them deals with rangefinders using cooperative targets: 

TEXT B
       The optical depth of natural targets (trees, buildings and. vehicles) is in the range of a few metres. This sets a limit to the accuracy   that is useful, and thus sets a lower limit to use​ful pulse length, of order 25 ns. This length of pulse fits well with those produced by Q-switched solid-state lasers or gain Q- switched gas lasers.

       Even if the accuracy requirement were relaxed, there is an energy advantage in keeping to as short a pulse as the detector will handle. This may be readily seen for a receiver that detects individual photo-events (e.g.  a photomultiplier).  One is trying to distinguish a weak return from random counts due to noise, back​ground, etc.  Clearly  if the photoevents from the return are  con​centrated  into the  smallest possible time  interval,  they will have a maximum statistical  significance  compared with background photoevents,  especially when the probability of a background event in the  time  interval becomes very small.  For a receiver incapable of detecting individual photoevents, a similar conclusion applies; for detecting weak returns it is advantageous to compress the ava​ilable energy into the shortest pulse.

TEXT С
       The prime aim is accuracy. The use of retroreflectors (уголковый отражатель) provides not only a precise target distance but makes signal strength a secondary problem (at least up to several kilometres range). Measurement speed is also a secondary consideration. The precision attainable in a phase measurement accurate to within 0.1%  at 50 MHz (corresponding to 3 mm range uncertainty) corresponds to a timing accuracy of 20 ps, which would clearly be difficult to attain by direct mea​surement because detector response times are usually inadequate. The advantage in energy terms of long duration transmission for direct detection systems is, therefore, outweighed by the accu​racy advantage attainable with modulated waveforms lasting many seconds.
         
  2000 п.зн.                                                                                                                 
       8. Read Text D and answer the following questions: 1) What technique is this text concerned with? 2) What are its practical applications? 3) What types of laser are usually employed? Why?
TEXT 10D ATMOSPHERIC AEROSOL POLLUTION MONITORING
       By using a pulsed transmitter it is possible to obtain de​tailed range–resolved data on the distribution of atmospheric ae​rosols; this technique is generally referred to as lidar, from light detection and ranging by analogy with radar.

       Equipments usually employ visible lasers, either ruby, frequency-doubled Nd, or dye lasers   to take advantage of the larger scattering coefficients at shorter wavelengths and the high sen​sitivities of photomultiplier tubes. Since signals produced by scattering from the atmosphere are much less than those from solid targets, high transmitter powers and large receiver optics (250 to 500 mm diameter) are employed. Such systems can be used to stu​dy the distribution of pollution aerosols, the evolution of natu​ral cloud formations, the effluent from smoke stacks, the tracking of insecticide clouds, etc. Returns from particles at altitudes as high as 15 to 20 km can be obtained. By making observations at a series of different elevations it is possible to build up a picture of the aerosol particle distribution around a single sta​tion at a given time. Alternatively, the temporal evolution of pollution can be studied by firing the laser beam vertically up​wards and recording the variation of aerosol distribution as a function of time. This has been used, for example, to study the pollution build-up in the vicinity of motorways.         
1400 п. зн.                            
        9. Render the text given below in English. Use the following words and word-combinations:  time-of-flight,  Fizeau,  Michelson, modulated – beam rangefinders, pre-laser days,  to stem from, fast high-energy pulses, to revolutionize the capabilities:
       Время прохождения оптического луча от источника до удаленной точки и обратно измерялось Физо, Майкельсоном и другими учеными в период с 1850 по 1930 г. с целью определения скорости света. В  настоящее время измерение   периода прохождения оптического луча лежит в основе целого класса оптических дальномеров, включа​ющего фазовые дальномеры, которые появились до создания лазера, а также импульсные лазерные дальномеры, в основе которых лежат системы, впервые продемонстрированные в 1961 г.  вскоре после создания лазера. Импульсные дальномеры, использующие некогерентные источники, были изучены до I960 г., но применение коротких высокоэнергетических   импульсов и высоко-коллимированных  монохромати​ческих лучей, получение которых стало возможным с созданием лазе​ров с модулируемой добротностью, открыло новые огромные возможнос​ти. Позже сообщалось о появлении дальномеров, использующих С02 лазер с   гетеродинным детектированием; эти дальномеры аналогичны микроволновым радиолокаторам и используют доплеровский эффект для нахождения радиальной скорости цели.

       10. Determine the boundaries limiting words and sentences for the text to make sense:

ThetimeoffligthofanopticalbeamfromasoursetoadistantpointandbackwasmeasuredbyFizeauMichelsonandothersintheperiod1850to1930todeterminethevelocityoflightNowadaysthetimeofflightmeasurementisthebasisofaclassofopticalrangefindersthatincludesmodulatedbeamequipmentwithoriginsinprelaserdaysaswellasthepulsedlaserrangefindersthatstemfromthesystemsfirstdemonstratedin1961soonafterthediscoveryoflaserPulsedrangefindersusingincoherentsourceshadbeenstudiedbefore1960butthefasthighenergypulsesandhighlycollimatedmonochromaticbeamsavailablefromQswitchedlaserrevolutionizedthecapabilitiesMore recentlyC02laserrangefindingsystemsusingheterodynedetectionhavebeenreportedthesehavemanyanalogieswithmicrowaveradarsandusetheDopplereffecttogivetargetradialvelocity. 

SUPPLEMENTARY READING TASKS

Spaceborne Laser Radar

       Laser radar systems are being developed for various   spaceborne applications. At present the greatest need for spaceborne radars is as an accurate guidance aide for spacecraft that are performing rendezvous and docking maneuvers. Precise know​ledge of the relative position between two spacecraft performing a rendezvous maneuver is difficult and often impractical to obtain from ground - based radars and therefore accurate radars located on board the spacecraft are desirable. Also two spacecraft performing docking maneuvers require careful monitoring of closure rates and angular alignment, thus precision on-board radars can be a valuable aid in bringing them together safely. On-board radars can also be useful for continuous or periodic surveillance of small satellite spacecraft that are parked in orbits nearby their mother spacecraft. Laser radar systems are presently being considered for use on future space​craft such as the NASA space shuttle and space station. Space shuttles can use laser radar to aid the transferring of cargo into and out   of their payload bay. Laser radar can also be used to aid the rendezvous and docking of space shuttles with space stations and can allow space stations to monitor the location of small satellite spacecraft. 

 Lunar Laser Ranging Experiment
The Lunar Laser Ranging Experiment from the Apollo 11 mission

       The ongoing Lunar Laser Ranging Experiment measures the distance between the Earth and the Moon using laser ranging. Lasers on Earth are aimed at retroreflectors previously planted on the Moon and the time delay for the reflected light to return is determined. The distance has been measured repeatedly over a period of more than 35 years.The experiment was first made possible by a retroreflector array installed on July 21, 1969, by the crew of the Apollo 11. Two more retroreflector arrays left by the Apollo 14 and Apollo 15 missions have contributed to the experiment. The unmanned Soviet Lunokhod 1 and Lunokhod 2 rovers carried smaller arrays. Reflected signals were initially received from Lunokhod 1, but no return signals have been detected since 1971, at least in part due to some uncertainty in its location on the Moon. Lunokhod 2's array continues to return signals to Earth. 
Apollo 14 Lunar Ranging Retro Reflector (LRRR)

       The Apollo 15 array is three times the size of the arrays left by the two earlier Apollo missions. Its size made it the target of three-quarters of the sample measurements taken in the first 25 years of the experiment. Improvements in technology since then have resulted in greater use of the smaller arrays, by sites such as the McDonald Observatory and the OCA Laser-Lune telemetry station affiliated with the Côte d'Azur Observatory. The work is progressing on increasing the accuracy of the Earth-Moon measurements to near millimeter accuracy. 
(From Wikipedia, the free encyclopedia)
                                Apollo 11 Experiment Still Going Strong after 35 Years
         It was the summer of '69. Director John Schlesinger's "Midnight Cowboy" had won the Oscar for Best Picture; the Rolling Stones' newly released "Honky Tonk Women" was climbing the charts; 400,000 people were gearing up to attend Woodstock…and America landed on the Moon, making "one giant leap for mankind." 

       On the afternoon of July 20, 1969, Apollo 11 astronauts Neil Armstrong and Edwin "Buzz" Aldrin explored the surface of the Moon for two and a half hours, collecting samples and taking photographs while Michael Collins orbited in the command module Columbia. On July 21, about an hour before the end of their final moonwalk, they left an experiment on the lunar surface which, after 35 years, continues to work as well as it did the day it got there. Called the lunar laser ranging experiment, it studies the Earth-Moon system and returns data to scientific centers around the world, including NASA's Jet Propulsion Laboratory. 

       "An accurate knowledge of the Moon's orbit and orientation is needed for future robotic and manned missions to our satellite," said Dr. James G. Williams, one of four JPL scientists who analyze the data from the Lunar Laser Ranging Experiment. "Scientists have been able to use the data they received through lunar laser ranging to study the Earth, the Moon and the character of gravity." 

       Scientists from various institutions who analyze the data from the lunar laser ranging experiment have observed, among other things, that the Moon is moving away from the Earth and has a fluid core, and that Einstein's Theory of Relativity is accurate. 

       The experiment consists of an instrument called the lunar laser ranging reflector, designed to reflect pulses of laser light fired from the Earth. The idea was to determine the round-trip travel time of a laser pulse from the Earth to the Moon and back again, thereby calculating the distance between the two bodies to unprecedented accuracy. Unlike the other scientific experiments left on the Moon, this reflector requires no power and is still functioning perfectly after 35 years. 

       The Apollo 11 laser reflector consists of 100 fused silica half cubes, called corner cubes, mounted in a 46-centimeter (18-inch) square aluminum panel. Each corner cube is 3.8 centimeters (1.5 inches) in diameter. Corner cubes reflect a beam of light directly back toward its point of origin; it is this fact that also makes them so useful in Earth surveying. 

       Three more reflectors have since been left on the Moon, including two by later Apollo 14 and 15 missions and one (built by the French) on the unmanned Soviet Lunokhod 2 rover. Each of the reflectors rests on the lunar surface in such a way that its flat face points toward the Earth. 

       The McDonald Observatory in Western Texas and a second observatory near the city of Grasse in southern France regularly send a laser beam through an optical telescope to hit one of the reflectors. The reflectors are too small to be seen from Earth, so even when the beam is correctly aligned in the telescope, actually hitting a lunar reflector is quite challenging. At the Moon's surface, the beam is a few kilometers or miles wide and scientists liken the task of properly aiming the beam to using a rifle to hit a moving dime 3.2 kilometers (two miles) away. 

       Once the laser beam hits a reflector, scientists at the observatories use sensitive filtering and amplification equipment to detect any return signal. The reflected light is too weak to be seen with the human eye, but under good conditions, one photon -- the fundamental particle of light -- will be received every few seconds. 

       The lunar laser ranging experiment is the only lunar investigation continuously operating since the Apollo project. Improvements in lasers and electronics over the years have led to measurements currently accurate to about 2 centimeters (less than one inch). 

       Scientists know the average distance between the centers of the Earth and the Moon is 385,000 kilometers (239,000 miles), implying that the modern lunar ranges have relative accuracies of better than one part in 10 billion. This level of accuracy represents one of the most precise distance measurements ever made and is equivalent to determining the distance between Los Angeles and New York to one hundredth of an inch. "Technical improvements at the observatories rejuvenate the lunar laser ranging effort," Williams said. "When the range accuracy improves, it is like getting a new experiment on the Moon." 

       To this end, a new lunar ranging instrument with significantly improved accuracy is being constructed at Apache Point Observatory in New Mexico by the University of California at San Diego and the University of Washington. "The usefulness of continued improvements in range determinations for further advancing our understanding of the Earth-Moon system will keep the lunar reflectors in service for years to come," Williams said. 
(Jet Propulsion Laboratory, California Institute of Technology; http://www.jpl.nasa.gov/index.cfm)
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