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Milestones of Information Technology-A Survey

Franz Pichler, Linz

In the following we give a survey on important epochs in the development of the electrical means for transmission and  processing of information between humans and machines. The goal is to contribute to a kind of  holistic knowledge of the function of the different complex systems and devices of modern information technology. We are convinced that a historical projection on the different stages of development can be of great help. However, by the limited space of this paper we can do this only by a sketch. The list of relevant literature which we give at the end may help to get the desirable deeper knowledge.

1. Electrical Transmission of written Documents: Telegraphy

1.1 Needle Telegraphy

After the discovering of the fact that an electrical current causes a movement of a magnetic needle (compass) by Oersted  (1820) and the development of the “multiplier” by Schweigger which consists simply by a winding of wires (solenoid) it was straightforward to use this for the invention of a device for the electrical transmission of information. Gauß and Weber, both professors at the University of Goettingen, Germany are considered of being the first which designed a system for the transmission of numerical data between the astronomical Observatory and the University.In England Cooke and Wheatstone developed on the same basis their system of “needle telegraphy” with great success. English railways used needle telegraphs until the midst of the 20´th centrury.
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                        5-needle telegraph by Cooke and Wheatstone   (1837)

1.2 ABC-Telegraphy

After the invention of the electromagnet by Henry and the use of it to construct clockworks to move a pointer it was possible to realize telegraphs which made directly use of the normal alphabet. Werner von Siemens, the famous german inventor and founder of the Siemens Company was one of the first to construct such an “ABC- telegraph” which found application in the german railway system. Besides of Germany and England ABC-telegraphs were widely used in France replacing the optical telegraph of Chappe. A major company in France which manufactured such telegraphs was Breguet of Paris.
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     Siemens magnet inductor telegraph                        ABC telegraph of Breguet

1.3 Morse-Telegraphy

The american inventor Samuel Morse got in 1837 a patent for a “electromagnetic telegraph”.

The main new idea for the receiving part of this telegraph was the use of the electromagnet for the printing by an embossing lever the combination of dots and dashes- the “Morse-code”- on a moving paper strip. In early receivers, called “Morse-registers” , the paper strip was moved by a weight-driven clockwork. The first “Morse-line” from Washington to Baltimore dates from the year 1844.

Besides of the USA also most of the countries in Europe adopted the Morse system. Until the midst of the 20´th century it stayed in operation for the postal telegram services and in railway systems.

The Morse-code was also used for the transatlantic telegraphy (from 1866 on) and also in the wireless telegraphy of Marconi ( from 1897 on).
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      German Morse register, about 1848                      Austrian Morse register, about 1860

1.4 Print-Telegraphy

The british born american engineer David Hughes invented in 1855 an electromagnetic telegraph

of the kind which got later known as “teletype”. By a wheel, turning synchronous both, at the transmitter and receiver, printed letters into a moving strip of paper. Hughes telegraphs served in Europe long time for international telegram service and also for the military. The invention of the teletype (about 1930) replaced the Hughes telegraph in such systems. Today the e-mail service of the Internet and also the Short Message Service ( SMS) of mobil telephony represents telegraph.
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       Hughes printing telegraph                                                 teletype ( about 1960)

2. Electrical Transmission of Speech: Telephony

2.1 The telephone of Reis

The german teacher in Physics Philip Reis presented in 1861 by a lecture in Frankfurt a “telephone” which allowed the electrical transmission of sound and music by a wire. The transmitter consisted of a diaphragm of bird skin on which a contact made of platinum was mounted. The receiver was realized by a coil of isolated wire around a needle of steel (“knitting needle receiver”) which was fixed on both ends on a wooden resonance box. Although the telephone of Reis was able to transmit sounds and pieces of music the transmission of speech was very poor.
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                                          telephone of Philip Reis (1861)

2.2 The telephone of Bell

Graham Bell of Boston was the first to give a practical solution to the problem of electrical transmission of speech. The telephone of Bell (1876) consists in its final form of a permanent magnet with a coil on one end together with a iron membrane. If sound waves effect the membrane the magnetic flux in the coil is changed which induces an electrical signal ( Bell telephone as transmitter). On the other hand, if a electrical signal which is generated by a Bell transmitter is led on the coil of a Bell telephone, by its magnetic forces the membrane oscillates according to the speech ( Bell telephone as a receiver). An important improvement of the Bell telephone was made by Werner von Siemens by the application of a horse-shoe magnet which increased the magnetic flux and improved the sensitivity. David Hughes invented in 1877 the carbon transmitter ( the microphone) which replaced the Bell transmitter. The microphone of Hughes used the physical effect of grains of carbon which change its electrical resistance dramatically by a change of pressure. Carbon microphones were used in telephony until recent years. Today they are replaced by microphones which are based on the pressure properties  of certain semiconductors.
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  Bell´s diaphragm magneto telephone (1875)                        Bell´s butterstamp telephone (1877)

2.3 Automatic telephone switching

The great public acceptance of  the telephone services brought within a short time in the cities a large number of subscribers such that automation of the task of switching became desirable.

Almon B. Strowger of Kansas City, USA, invented in 1889 an electromagnetic switch which made such an automation possible. The Strowger system is based on step by step switching which realizes the connection according to a dialled number. Step by step automatic dialling systems of this kind became in Europe very popular and were in practical until the digital revolution. Besides of switching systems of Strowger type other systems of switching such as systems based on the crossbar switch or the switch of the Ericsson company. Today, in the age of microelectronics telephone switching is realized by networks which are implemented on specific computers.
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              German Strowger switch                                   Strowger system telephone exchange

3. Electrical Transmission of Images: Picture Telegraphy

3.1 The pioneering years

The history of transmission of pictures ( facsimile transmission) by electrical means can be traced to the inventions of Bakewell (1848) and Caselli (1855), to mention important inventors. He transmitter of the picture telegraph of Bakewell consists of a drum on which a metallic foil with the drawing (made by a ink which isolates) is mounted. The foil on the turning drum is scanned by a contact line by line and depending on the isolation of the drawing a digital ON/OFF signal (electrical current) is produced. The receiver consists of a comparable identical arrangement. However the drum of the receiver is covered by a chemical prepared paper, which gets  a colour depending whether the scanning contact produces a current ( signal is ON) or not ( signal is OFF).

The pantelegraph of Caselli uses instead of a drum a pendulum for scanning the picture, otherwise the function is similar to the telegraph of Bakewell. It is reported that the pantelegraph was in 1855 successfully used in France to transmit a picture from Paris to Marseille by a distance of about 800 Kilometer.
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                picture telegraph of Bakewell                         picture telegraph communication system

3.2 Arthur Korn

Arthur Korn, by his academic education a mathematician, born in Breslau, Germany (today Wroclaw, Poland) felt the strong desire “to see across space and time”. The electrical properties of the element Selenium (as result of the research by Hallwachs) together with the development of the light-electric cell by Elster (1888) provided the basis for Korn´s system of picture telegraphy. Scanning a picture by the selenium cell allowed the electrical representation of the grey levels of the picture; the string galvanometer, originally developed for electro-cardiography, together with a special light tube which was controlled by a sparc relays made a true reproduction of the picture on a photographic film possible. In 1914 Korn showed successfully the transmission of pictures on a wired loop from Munich to Nuernberg and return.
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                                      picture telegraph system according to Arthur Korn

3.3 Development of the Fax-system

On the basis of the systems for picture telegraphy as developed by Arthur Korn and others it was from 1930 on possible to establish practical applications for the general use by organisations such as the press , the police or the weather offices. In the USA the leading company was the Times Facsimile Corporation (TFC), in Germany Siemens & Halske and the Hell company. In France the Belin Company manufactured the “Belinograph” for its applications for the press. An important step forward was achieved by the establishment of international standards for facsimile transmission to make the use of the existing international telephone network possible. In this respect the recommendations of the CCITT ( today ITU, the International Telecommunication Union) are important. Today, in the age of microelectronics and digital technology, fax machines are integrated with the telephone or the personal computer.
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)                 Belinograph, France ca 1960 (Museum für Kommunikation, Riquewihr, Alsace

4 Mechanical Computing
4.1 Handcrafted machines

The invention and development of instruments which can give support in mathematical computations has a long history. For the computation with ordinary numbers the machine of Schickard (1623) is a milestone. The Schickard machine was able to perform addition and subtraction; multiplication and division were realized by an aggregate of turning drums with tables similar to Neper´s sticks. For its construction Schickard got valuable suggestions by the famous astronomer and mathematician Johannes Kepler. The machines of Pascal ( ca 1640),  Leibniz (1694), Braun (1727) and Hahn (ca 1790) are further examples of handcrafted mechanical computing machines which show the high technical skill of the constructors and constitute beautiful pieces of art.
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       machine of Schickard (1623)                            machine of Müller (1784)

4.2 Industrial manufacturing of machines

Charles Xavier Thomas of Colmar was at the year 1820 the first to start the industrial manufacturing of mechanical computing machines. His “Arithmometer” made use of the principles of the Leibniz machine. Until 1900 about 1500 machines were manufactured in his company. In Germany it was Burkhardt in Glashuette ( Saxonia) who started in 1880 the industrial manufacturing of the Thomas-machine being followed by other companies (“Saxonia”, “Archimedes” and others). Besides of  machines which used the the “Leibniz wheel” as principal construction element also machines which were based on the wheel originally invented by the Italian scientist Giovanni Polenus  (1709). Here the companies Odhner ( St. Petersburg and Stockholm) and also  Brunsviga (Braunschweig, Germany) have to be mentioned being important manufacturers.
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                                           machine of  Thomas de Colmar

5. Wireless Telegraphy
5.1 The Marconi system

The experimental discovery of the electromagnetic waves by the german physicist Heinrich Hertz (1887) together with the practical and theoretical results as contributed by Oliver Lodge (England), Edouard Branly ( France), Alexander Popov ( Russia) and  Augusto Righi ( Italy) to name one of the most important one led the young italian student Guglielmo Marconi in the years 1896 to the invention of a system for wireless telegraphy. The Marconi Company, founded in England, started immediately to produce stations for wireless telegraphy for the communication between ships and the shore. Already in 1901 Marconi proved that a wireless telegraphic transmission between Europe ( Ireland) and America (Newfoundland,Canada) is possible. The first transmitter of Marconi consisted of an induction coil together with a sparc gap as proposed by his teacher Augusto Righi.

Later high voltage dynamos were used to get the necessary sparcs for the generation of electromagnetic waves and, to modulate the waves with a tone, rotating sparc gaps were used. The first receivers of Marconi consisted of a coherer as invented by the French scientist professor Branly together with the associated decoherer for interruption and therefore demodulation of the received electromagnetic wave. For registration of the received signal served a usual Morse register. In later Marconi receivers the magnet detector and also the Fleming diode was applied. An important step forward in receiver technology was the introduction of the syntonic system by application of resonance circuits, as developed by the famous british physicist Sir Ambrose Fleming.
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                Marconi wireless telegraphy ship station ( AWA museum, Bloomfield, N.Y.)

5.2 The Telefunken system

In Germany important research on wireless telegraphy was performed an two different places: In Berlin Professor Slaby, after his participation at early Marconi experiments successfully experimented with wireless telegraphy. He got financial support by the Allgemeine Elektrizitaets Gesellschaft ( AEG ), one of the leading companies in Germany in the field of electrical engineering. In Straßburg, being at that time a part of Germany, Professor Ferdinand Braun, well known by the invention of the cathode ray tube, got interest in the scientific aspects of wireless telegraphy and investigated the role of resonance to achieve wireless transmission over long distances. His group got support from Siemens & Halske. To concentrate nationally  the efforts of the two groups, AEG and Siemens & Halske established in 1903 the company Telefunken. Telefunken and its systems for wireless telegraphy became a strong competitor for the Marconi company. A specific success was the application of the quenched sparc gap, which allowed higher transmitting power and realized at the same time a modulation of the electromagnetic waves with a musical sound. On the part of the receiver the crystal detector, as proposed by Professor Braun, replaced the mechanical demodulators such as tickers and rotary interrupters.
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                             Telefunken 1.5 kW transmitter with quenched sparc gap

5.3 Long distance wireless telegraphy

For wireless telegraphy to overseas, here especially to the United States of America and to the colonies of European countries in Africa and Asia high power transmission stations were needed.

Marconi erected such stations in Poldhu ( Cornwall, England) and in Clifden ( Ireland ). In germany the trans-radio station Nauen and the station Koenigswusterhausen of the Reichspost were important. Big high-frequency dynamos provided the necessary high power. While transmitters for wireless telegraphy of smaller transmission power used wavelength from 200-800 meter, the high power transmitters used wavelength above which means extremely low frequencies. In consequence for transmission the propagation along the earth surface was essential. Today such stations for long distance wireless telegraphy have disappeared. However, as a museum the svedish station SAQ in Grimeton, near the city of Gotheborg, still exists. SAQ uses Alexandersson dynamos from General Electric and stays operational until today.
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Alexandersson dynamo by GE                    Transcontinental station in Nauen, Germany

6. Radio Broadcasting
6.1 The electronic tube

The beginning of the electronic age can be set to the year 1906 were important inventions were made. The american physicist and inventor by profession Lee de Forest got a patent for his audion, a sensitive detector for wireless telegraphy. Robert von Lieben from Austria got in that year his patent “Das Kathodenstrahlenrelais” for the friction-less amplification of telephone signals. Both inventions ware based on a electrical control of  beams of electron in vacuum. The audion of de Forest had only a limited success. However, by the outstanding research of Arnold at the Western Electric Laboratories of AT&T and by Langmuir at General Electric it served as a basis for the development of  the high vacuum tube in 1913. Also Robert von Lieben could not  get by his patent directly a practical realization. However, in the year 1910 he and his collaborators Eugen Reisz and Siegmund Strauss realized an electrostatic control of their tube by a third electrode, the grid, and were able to show how to build a working telephone repeater. The LRS relays ( LRS= Lieben, Reisz, Strauss) which was manufactured by the german industry served in WWI in different devices in communication systems. However, since the function of the LRS relay depended on mercury vapour, it was difficult to get a stable operation. In Germany Telefunken pioneered the development of the high vacuum tube and the LRS relay became obsolete. The high vacuum tube allowed different kind of applications. The most successful one was probably its use in radio broadcasting.
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                Lieben laboratory in Vienna 1906                amplifier with Lieben tube (1913)

6.2 Radio Broadcasting

After the end of WWI  (1918 ) the idea was born to apply the existing modern technology for wireless communication for the public and to establish broadcasting systems for the purpose of education and entertainment. The station KDKA in Pittsburg, USA, was the first which transmitted such programs in 1922 to its listeners. Radio Broadcasting as it was called was immediately a big success in USA and also in the european countries.Within a few years a large network of station was established and a new industry to manufacture the necessary radio receivers had to be erected. The first radio apparatus needed batteries of galvanic elements for their operation which was expensive. From about 1930 on radio apparatus got a power supply and could be directly connected with the usual electrical power line. Further technological progress in radio engineering was the introduction of the superheterodyne circuit ( from about 1925 on ) and later the introduction of  FM radio ( FM= Frequency Modeulation) to supplement AM radio ( AM= Amplitude Modulation) with improvement in bandwith and avoidance of statics.

[image: image26.jpg]


    [image: image27.jpg]



                AEG radio (1925)                                    radio at the hair dressing shop

7.   Television

7.1 Mechanical television

At the end of the 19th century picture telegraphy had already reached the maturity for practical application. Naturally there appeared also the wish to transmit instantaneous moving pictures

by electrical means over distances in space (“television”). It was the young student Paul Nipkow who in 1884 made in Berlin the necessary invention for the realization of television. Nipkow proposed for the scanning of moving pictures ( and in consequence also for the reverse operation, the synthesis of the scanned picture) a fast turning disk with a spiral of holes, every single hole being responsible for scanning  a row of the picture. A light sensitive cell ( at the time of Nipkow a cell of Selenium, later a photocell ) transforms the light beam through the holes into a electrical signal. At the receiver the electrical signal drives a fluorescent lamp and the resulting light beam is synthesized by the turning Nipkow disk row by row. It is due the inborn inertia of our eyes that this gives a full picture. From the invention of Paul Nipkow it took more that 30 years until in England the first practical realization of television was made by John Logie Baird.

Mechanical television on the basis of Nipkow disks ( also mirror screws and mirror wheels were used for scanning) got only limited practical application. In 1935 a british committee decided to stop the development in favour of “electronic television”.
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   building a Nipkow television receiver                             Televisor of John Logie Baird

7.2 Electronic television

By the year of 1930  electronic technology had reached a degree of maturity such that the electronic realization of television systems became feasible. A pioneering contribution in this respect was the application of the cathode ray tube to realize a scanner ( today called a “flying spot scanner” ) by the german inventor Manfred von Ardenne in 1930. This allowed for the first time the electronic scanning of motion pictures. The electronic realization of the camera operation was proposed by the American inventors Philo Farnsworth by the patent for his Image Dissector in 1927 and 1933 and by  Vladimir Zworykin for the patent to his Iconoscope. Both camera tubes were in 1935 in operational use and were with success applied on occasion of the Olympic Games in Berlin 1936. For the electronic realization of television pictures in the receivers the cathode ray tube as developed in Germany by the Leypold company under assistance of Manfred von Ardenne. The outbreak of WWII delayed the introduction of public television systems in the USA, England and Germany, the leading countries in television technology. By end of WWII new efforts were taken and the known standards, NTSC from USA,SECAM from France and PAL from Germany were defined. Today the existing semiconductor electronics together with the high intergration of microelectonics allow new solutions to realize television systems (“digital television”). As an example for a high integrated micro electro mechanical system (MEMS) we mention the mirror matrix of Texas Instruments which realizes pictures in the size of 1024 times 1024 pixels and which is used for large screen projection.
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Ikonoscope of Zworykin (1923)                      Ikonoscope camera at the Olympic games 1936

8. Electromagnetic Computing: Relay Computer
8.1 Introduction

A relay R is a electromagnetic device with a moving lever which can assume two states: state “ON” in the case that the lever has been moved by the magnetic field of the coil; state “OFF otherwise. The lever of R moves electrical switches r and r* of two kind, one if it being closed in state “ON” otherwise open, the other working just in the opposite, being closed in case of  state “OFF” otherwise open. With two Relay R and S it is possible to realize electrically the mathematical structure of a switching algebra with boolean variables r and s in the following way: r + s corresponds to a parallel circuit of the switches r and s,  r . s corresponds to a serial connection of the switch r with the switch s. A switch r* realizes the negation of the variable r. It follows that an aggregate of n relays  R1,R2,…,Rn  is able two realize any binary operation defined on the set of binary words of length n. To prove that it is possible to build digital computing devices  by relays we have to show that also a digital memory can be realized. This can be done by the concept of  a register of relay flip flop circuits as memory cells. Each such flip flop can be realized by  two relays Q and Q*. This shows that with relays it is possible to realize by electrical means  mathematical structures which are finite state machines, which is, from a mathematical point of view, sufficient to build a computing machine.

8.2 Relay computer

The introductory chapter pointed out that relays, which are well known from their common use in telephone switching systems, can be used to build a electromagnetic computer. This idea was followed at different places and “relay computers” of  dramatically increased computing power, as compared to the existing mechanical computing devices, could be realized. In the USA the Model I-VI (1940-1949) of the Bell Laboratories, the model Mark II ( constructed by Professor Howard H. Aiken) at Harvard University and the PSRC (=  Pluggable Sequence Relay Computer ) of IBM can be considered as pioneering installations. In Germany Konrad Zuse accomplished his outstanding contribution in computer technology by the construction of the machines Z1 (1936), Z3 (1941) and Z4 (1944). Unfortunately for Z1 and Z3 no original designs have been preserved ( although a replica of Z1 can be seen at the most interesting exhibition of ZUSE computers an the Deutsches Technik Museum Berlin ). The machine Z4 could survive WWII and was later for many years in service at the Institute of Mathematics at ETH Zuerich. Today the Z4 is on display at the Deutsche Museum in Munich. The ZUSE company continued after WWII the production of relay computers. The model Z11 was especially successful for applications in optical and geodetic computations.
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Konrad Zuse (1910- 1998)                                    Zuse 11 relay computer

9.  Electronic Computers and Electronic Calculators
9.1 Technological prerequisites

Relay computer are necessarily limited in the speed of their operation. The mechanical moving parts have a certain inertia which can not be avoided. To increase the speed of computing it was necessary to realize the switches and the memory by electronic devices. Electronic tubes, which found in different military high speed systems of WWII such as Radar systems a successful application ( for example in high speed counters ), proved to be suitable. The today famous first electronic computer which used ordinary radio tubes for its realization ( 18.000 in number!) was the ENIAC machine ( ENIAC= Electronic Numerical Integrator and Computer) of 1946 at the University of Pennsylvania, Philadelphia, USA. Other examples of “electronic tube computers” followed immediately and also industrial production got started in the years after. We mention as examples the production of the model 650 from IBM and the model Z22 from the ZUSE KG. However in that time the market for selling electronic computers was still small, besides the prices were very high. It was the technological revolution initiated by the invention of the transistor (1948) and the invention of the integrated circuit which changed the situation and allowed the design and implementation of a new generation of computers. New companies such as for example the Digital Equipment Corporation (DEC) which manufactured successfully computers for real time applications for process control ( e.g. the models PDP-8 and PDP-11 ) were founded. IBM developed the famous model 360 family with a new architectural design. The development of the microprocessor by US companies such as INTEL, Texas Instruments and Motorola allowed the design of “home computers” which eventually led to the personal computer and notebook of our time. The development of software for the operating and application of personal computers gave a chance of the founding of new companies. One of it was the founding of MICROSOFT, today one of the leading companies in software development.
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IBM 650 computer with electronic  tubes                     Intel R 80 186 microprocessor chip

10. Conclusion and Outlook

The paper covers the overall development of electrical information technology and the invention and manufacturing of the associated equipment and systems which is needed to enable the communication and control between men and machines. The discovery of the physical phenomena of electricity as observed in nature, both in space and in the world of materials, was without any doubts one of the most important one. It opened the invention  and development of technical means for the transmission and processing of electrical signals which carry information. The history of the development of information technology shows us, that new results in physics are accompanied by the invention and development of new engineering systems. The goals which are represented by the requirements which a engineering system has to meet can be considered as constant if we allow also futuristic goals. The feasibility of goals depends however always on the state of  the currently available scientific knowledge and on the existing methods and tools for engineering design and implementation. The  knowledge of the history may help to give support in getting this means.
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