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THE EVOLUTION OF THE ELECTRONIC COMPUTER

Dr. N.W.N. Jayasiri, Director MIS, National Institute of Business Management.

The present day electronic computer has an important characteristic which differentiates if from other

machines.

While most machines are designed for specific tasks, for instance the motor car for travel on land, and the air
craft for air travel, the computer can perform variety of tasks. It can help businessmen to keep accounts, scientists to
model complex phenomena, architects to design buildings, engineers to design machinety, artists to draw pictures,

children to learn school subjects, and even musicians to compose music.

Another characteristicwhich places the electroniccomputerabove other machines is its phenomenal progress
since its invention in 1946.1ts speed and capacity have risen to awesome levels during its briefhistory while its size and

price have declined in manner unprecedented in any other known product.

Mankind owes much to many individuals, among them mathematicians, scientists, and engineers who have

contributed to its's development and businessmen who have made it an affordable commercial product.

Early History

Itisinteresting to look back atthe machines thatwere the predecessors ofthe electronic computer. One ofthe

first known is the" adding machine" developed in 1642 by French scientist and philosopher Blaise Pascal.

In the early 1800's, Charles Babbage, professor of mathematics at Cambridge University, England, developed
the "difference engine" forthe preparation of mathematical tables, such as log tables, to replace the error-prone human
"computers" who did such work in his time. Babbage later designed in great detail the" analytical engine" which was
ageneral purpose machine butcould notcomplete it'sconstruction. The "analytical engine” had many of the features

of the present -day com puter. It had the processing unit, called the "mill" separate from the storage unit.

The analytical engine could perform limitless types of computation. Its designer did not have a specific
computation in mind. Itwould use punched cards as instructions, and itwas "programmable". That is, itcould be made

to do a different computation by changing the punched cards. It was thus a general purpose machine.

The idea of punched cards was borrowed from the textile industry. A French silk weaver,Joseph M.Jacquard
in 1801 used a sequence of chained steel punched cards to control the loom. The holes in the cards controlled the
position ofsteel rodswhich in turn determined whcih weft threads should be lifted above the warp and which remained
below. A differentsequence ofcards would produce a different weave pattern. The holes in the cards- made yes/ no

selections.

The next major step came in the early 1930's. In Berlin, Germany, ayoung engineering student Konrad Zuse
used electric relays, which vfere widely used in the telephone industry, as the elements, ofhiscomputing machine. The
relay resembles an electric bell. When a current is passed through its coil, magnetism is created and an arm is pulled
towards the coil. The movement of the arm is made to open or close an electric switch. Zuse's machine used binary

arithmetic and his program was punched on rolls of discarded movie film.



The Electronic Computer

Zuse’s machine was relatively fast, taking just 5 seconds for a multiplication. At this time, the electronic valve,
or vacuum tube as it is called, was widely used as acomponent in radio receivers. It waslinvented by Fleming in 1904
asadiode or ‘valve’and developed by DeForestin 1906 into atriode which could increase ordecreaseacurrentbetween

two electrodes by the application of a small control voltage to a third electrode.

The vacuum tube acts as a switch by tire movement ofelectrons whose mass isalmost zero. It was more than

1000 times faster than the best relays which depended on th physical movement of a metal arm.

Although Zuse was convinced that the vacuum tube was the only a availabel way fora higher speed computer,

he could not build such a machine becaus the two years it would take was considered far too long by the military.

In America, computing machines were required for aiming of cannons in the battlefield. The cannon was set
at a particular angle to aim at a distant target. The angle for the required distance was ready by soldiers from “Firing

Tables” on the basis of wind force and direction, air temperature, air density and other factors.

The Firing Table itselfwas prepared by women “computers” from data collected in test firings. Preparation of
asingle table involved thousandsofcomputations and took 4 woman years.Each new type ofgun required anew table.

It was indeed the work for a computing machine that used vacuum tubes.

The first electronic computer was built for this purpose byJohn W Mauchly a physicist, andJay Presper Eckert
anengineer, atthe Moore SchoolofEngineerig, Pennsylvania University. Thismachinewasnamed Electronic Numerical

Integrator and Calculator. ENIAC. It occupied a 50 foot by 30 foot room and used 18000 valves.

Vacuum tubes were notoriously unreliable-they burn out - and a lot of redundancy was built into ENIAC to
ensure thatitwould work even ifmany components had failed. Because isolationofone defective valve outof 1800 was
tedious, section’ or boards were constructed each with 20 to 30 valves. A defective section could be unplugged and

replaced to reduce repair time, instead of isolating the particular faulty valve.

ENIAC was quite fast, it could do 5000 additions per second, but it had a major disadvantage. In order to get
acomputerto do adifferentcomputation, the program mustbe changed. The people who gave instructions to ENIAC,

the programmers, had to know the wiring diagram of each section.

They had to turn 6000 switches and replug hundreds ofwires to change the program, and it took many hours.
The problem was that in ENIAC data was fed into the processor, butinstructions were outside and lay on the switches

and plugged wires.

In 1945 the great mathematician John von Neumann wrote areport proposing the stored program computer.
He made a brilliant, yetsimple suggestion - instructions are also a form ofdata: put the instructions into the computer
just like data. In this report Neumann set down the main features of the digital computer, which remains the principal

model to this day.

Mauchly and Eckert thereafter started the Electronic Discrete Variable Computer, EDVAC in 1946. However
professor Maurics Wilkes fo Cambridge University, England, who started the Electronic Delay Storage Automatic

Calculator EDSAC in 1947, completed the first stored program computer in 1949, ahead of the EDVAC.

Mauchly and Eckert formed the first computer company, the Eckert-Mauchly Computer Corporation, in 1947
to manufacture the Universal Automatic Computer UNIVAC for the US Bureau of the Census, UNIVAC served the
Bureau fortwelve yearsbut had taken longerto build than expected and was financial failure for the inventors because
numerous items had to be developed for the purpose. Eckert and Mauchly had greadv underestimated the job.



The new electronic computers were powerful. large and very costh  Anahsts observed that the entire needs

of Britain could be served by three such machines and that of the USA by six.

Commercial production ofelectronic computers became a success later when IBM which was selling punch

card tabulating machines commenced marketing of computers.

Theoretical Work

In addition to the design of von Neumann, important theoretical work that contributed to the developmentof
computers came from the mathematicians Geroge. Boole, 1854, and Alan Turing 1936, both ofUK. Boole's work in 1854
on the mathematics ofsymbolic logic, largely ignored during his time, was to become the tool for analysis and design

of complex digital circuits..

Turing who was engaged in code breaking for the war effort, held the view that acomputer could be made to
imitate the logical thinking of a human being. His code breaking work using machines, manipulated alphabetic
charactersrather than numbers, and he foresaw that"computing machines” could manipulate any type ofsymbols and
learn from experience just like human beings. The computer could remember and use methods that were successful

in the past and avoid those that had failed.

The term computer is now used to refer to a machine rather than a human as in the early days, and conveys
ameaning of manipulating numbers. This is because computers were first made fornumbercrunching butcomputers

could as well have started with the manipulation of letters or any other symbols.

The Problem of Software

Although a few companies began to advertise and sell computers, many businesses that installed computers

found that their machines were idling for a long time until the necessary programs were developed.

Programs were written as a series of 0's and I's. Programming required talent in mathematics as well as

knowledge of the functioning ofcomplex electronic circuits. Such skills were very rare.

The costofprogramming at the time was two to three times the price of the hardware. There was thus much
doubtwhether the new machine could everbecome a popular tool. Who would wantsuch alarge and costly machine,

and even ifsomeone got it, what could he do with it ?

Itbecame evident that programming should become simplerand programs should be English-like in order to

be written and understood easily.

The first high level programming language FORTRAN, Formula Translator, was introduced by IBM. A program
written in FORTRAN foraparticularcomputationwas first fed as data to another program called the FORTRAN compiler,
which converted itinto instructions in the form ofaseriesof 0's and |’s.The latter was then executed by the computer

to perform the required computaton.

Business companies realized that although FORTRAN was suitable for scientific computations, itwas difficult
to use for business accounting. The Common Business Oriented Language COBOL was developed to fill this need and
became the mostwidely used language forcommercial applications. Many languages have been developed since then

for avariety of purposes.
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Semiconductors and Integrated Circuits

Silicon material was first used as asemiconductor diode in the crystal- detector radio of Pickard in 1906. Itwas

abandonced because of unreliability.

The Germanium semiconductor transistor invented by Shockley, Brattain and Bardeen in 1947 in the USAwas
the next major development for the progress of the computer. The transistor was many times smaller, consumed less
electricity and was far more reliable than the vacuum tube.Transistors were produced commercially in 1951. Used
initially in radio receivers, the term transistorbecame synonymouswith the portableradio.ltreplaced the vacuum tube

as the main element of the electronic computer. As a result,computers became smaller, and more reliable.

The computer that used vacuum tubes came to be referred to as the first generation, and those that used

transistors, the second generation. Germanium was soon replaced by silicon as the base material for semiconductors.

An important event that led to rapid expansion of the use of semiconductors was the decision by American
Telephone and Telegraph AT & T to share the knowledge ofsemiconductors with other companies, rather than keep
it secret.

The invention by Kilby at Texas Instruments inl958, of the integrated circuit IC, which contained several

transistors on one tiny - less than halfinch square- chip of silicon started the microelectronics era.

The higher density Metal Oxide Semiconductor Field Effect Transistor MOSFET IC’s came to com pete with the
earlier developed Junction Transistor IC ‘s in the 1960’s

The IC was remarkable.As more and more transistors were packed on an IC, the speed ofoperation increased
and the cost decreased progressively.

Since 1959 through to the present time the number ofactive devices on achip has doubled each year. Modern

Veiy Large Scale Integration VLSI memory chips contain over a million transistors.

Space travel and man’s landing on the moon would not have been possible without the miniature on- board
computers that were manufactured using IC’S.

Microcomputers

High level integration made it possible to place the components ofa complete processing unit on asingle IC.
The firstsuch microprocessorwas developed by Intel Corporation in 1970. Acomputer builtaround a microprocessor

is known as a microcomputer.

The popularity of microcomputers spread when the company Altairof USA marketed com puter kits for $ 500.
People bought it just for the sake of having one’s own computer. This led to a rapid growth in the development of
programs by enthusiasts and electronic hobbyists, and the use of computers for a variety of purposes.

Two youngsters who made their own computers with purchased parts then revolutionized the computer
industry Stephen Wozniak and Stevelobs. They setoutto make acomputer thatwas cheap and easy to use acomputer
foreveiy man. Inventingapieceofequipmentisone matter, butmaking it acommerciallysuccessful productisanother,
as witnessed earlier by Eckert and Mauchly. Wozniak and Jobs got the assistance of seasoned businessmen for

manufacture and marketing of their new computer. Their Apple Computer introduced in 1977 was a roaring success.

In Britain, Clive Sinclair offered the ZX80 Microcomputers for £100 in 1980. IBM introduced its Personal
Computer, the PC, based on the Intel 8088 microprocessor in 1983, and later the PC-XT and the Intel 80286 based PC
-ATwhich established the microcomputer as atool for business as Wellas home. The design of the IBM PC was available
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to anyone, and as a resulta large number of businesses grew around it, manufacturing components, circuit boards,

compatible microcomputers, peripheral equipment, and a variety of ingenious software.

Earlier the XEROX Corporation of USA, known for the development of the photocopiers, saw the potential of
the electronic computer and set up a research team at their Pao Alto Research Center PARC to develop easy-to-use
computers. Much of the inventions of XEROX lay dormant because of high production costs until StevelJobs went
there looking for simple methods of computer use for his second generation Apple Computer. He made use of the
developments of XEROX and the 'mouse’ pointingdeviceofDoug Engelbartinhisnew computer, the Apple Macintosh.
The Macintosh was a major innovation. Ausercould operate itwithoutcommand words simply by moving the pointer
tosymbolsofthescreen, knownasicons, and clickingabutton on the mouse. The operation ofacomputer had become
child's play.

The microcomputer industry grew into a multi-billion dollar business in a few years and many entrepreneurs
became millionaires almost overnight. There were also numerous others who set up businesses that collapsed equally
fast.

Computer industty giants such as Digital Equipment Corporation, Wang, Control Data Corporation, and

even IBM itselfcame to be seriously threatened by the pervasive dominance of the PC.
Communications and Networking

Telecommunication services move information and computers manipulate information, and there is thus a
close relationship between telecomunications technology and computer technology. Telecommunication facilities
began to be used in the early days of electronic computers for the connection of remote terminals, and later for
communication between computers orwhatiscalled networkingofcomputers. Communication facilities havebecome

available for data transmission purposes within countries as well between countries.

In many business establishments microcomputers within a room or building are connected together to form
aLocal Area Network in order to share resources. Networking isbecoming increasingly popular and itis expected that

most computers will be networked in some way or other.
The Computer and the Human Brain

Eversince itsinvention, journalists and dramatists have compared the electronic computer to the human brain

and beyond.

Research that probes the possible imitation of human reasoning by computers is known as Artificial
Intelligence, Al Two particular lines of study in Al are the translation of text from one natural language to another,
and the development of "expert systems" to imitate doctors and other specialists. Although the later has been
somewhat successful and expert systems are available for several tasks, efforts towards natural language translation

have been faced with formidable problems.

It appears that the processes by which one human being understands the verbal or written communication of
another have been largely under rated. We attach different meanings toaword or phrasedependingon the context.We

also make use of a very large store of background knowledge to understand what someone else tells us.

Recognition of handwriting , sounds and speech, and recognition of objects through vision, have likewise
proved to be highly complex and require very powerful computing resources.

Artificial Intelligence is the next frontier for rcomputer scientists. Advances in electronics and optics indicate
that many of the limitations of hardware will be overcome in the near future. It may be recalled that Turing himself

considered the manufacture ofa human-like computer to be well within our reach.
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SATELLITE COMMUNICATIONS FOR THE 21st CENTURY

Communications have been evolving with the advent of mankind. Various techniques have been discovered
and adopted in the past forcommunications. With the technical and scientific innovations, the communication skills
also have developed further. Whilst peering through the pages of our ancient history it was distinctly proved that
people used drums, birds, poems, hooting and other methods as modes of communications in Sri Lanka. The drums
are being used in villages forcommunication purposeseven at present. The book, "SelalihiniSandesaya" isanexample

where the services of birds have been obtained for communication purposes.

With the invention ofelectricity and the radio waves by Marconi 95 years ago, the scientists and engineers have

invented modern communication technologies such as telephone, radio, television, telex, etc.

With new developments the inter-continental usage of radio telephones and television has been a problem
as the systems proposed at that time were very costly. Also the methods adopted to have these services were subjected
to natural disasters such as earthquakes, cyclones, floods, etc. Therefore, scientists and engineers were looking for

alternative methods for communication between continents.

In 1945, Dr. Arthur C Clarke had written an article to the "WIRELESS WORLD" expressing hisopinion on usage
ofgeo-stationary orbitwhich is 35,786 km. away from the earth's surface forcommunication purposes, (fig. 1) He has
further said using 3 positions in the geo-stationary orbit the entire globe could be covered for communication
purposes. In the same article he has further elaborated his views on usage of 3 orbits viz. geo - stationary orbit, polar

orbit and elliptical orbit for the use of communication satellites, (fig. 2)

With the invention of transistor the hardware used for telecommunication purposes has developed rapidly.
During the Second World War period microwaves were invented and used on radar applications. The rocketry was

invented by the Germans. These inventions have led to the development of satellite technology.

As aresult ofextension research and developmentwork in 1957, the Soviet Union launched a satellite named

SPUTNIK 1 into space. Subsequently, in 1958, the United States also launched a satellite into space.

The fjrst geo-stationary orbit satellite was launched in 1961 and this was a great achievement in the field of
communications. The international organisation called INTELSAT (International Telecommunications Satellite
Consortium) was formed to improve the communication techniques in the world. In 1965, the first geo-stationary
satellite was launched by INTELSAT and used for television broadcasts and for communication purposes, (fig. 3)
Subsequently, INTELSAT has launched a few more satellites with the introduction of new superior technological

advances.

In Sri Lanka first earth station for satellite communication was established at Padukka by the Department of
Telecommunications in 1975. Two more earth stationsbelong to SriLankaTelecom and few private earth stations have

been added since then.

The main features of a satellite are the receiving antennas, transmitting antennas, solar panels and the
transponders. The standard life-span ofa satellite isconsidered as 10 to 12 years, butthe manufacturers' recommended
life-span would be 3 to 5years. The source of energy to the satellites are from batteries made out of nickel cadmium
or nickel hydrogen. In the space, the temperatur~can vary from 100° ¢ to 256° ¢ and new materials have been

developed to protect the eletronics inside the satellites.

For the television broadcast using satellite only one earth station is required on the earth surface but for

telecommunication purposes a minimum of 2 earth stations are required. When transmitting television broadcasts,
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the transponder is capable of sending spot beams for specific locations which requires high-powered signals. This
technique has been developed to concentrate the signals only to thickly populated areas and also to avoid covering
the sea surface, (fig. 4)
s
The powerofthe signal is defined by a unit called decibel. The fig. 4 shows the spot beam pattern for ASIASAT

Il on the earth's surface.

W hen asatellite transmitsabeam itisconsidered that the signalcomes from an infinite range. Hence the signals
are received through a parabolic dish antenna. The signals that are falling on to the parabolic dish reflects and
concentrate at the focal pointofthe dish. Anotheraccessory named feed horn collects concentrated signal and sends
it through a low-noise blockdown convener to reduce the frequency to a lower range through a coaxial cable. This
signal is transmitted to the receiver which converts the signal into a television signal. The following frequencies are

being commonly used in the satellite broadcast systems

1 Ku band 12 - 14 Ghz
2. C-band 3.4 - 4.7 Ghz
3. S.band 1.545 : 2.69 Ghz

Due to rain attenuation there is an energy loss in using Ku-band signals in tropical countries. Therefore in

the tropical countries C-band and S-band are commonly used in satellite communications.

In the US andJapan certain institutions have already developed antennas with flat surfaces. These antennas
have already been fitted on airplane surfaces for communication purposes while in the air. Portable Satellite

Communication kits are now available with IDD facilities.

DATA TRANSFER USING SATELLITES

There are many applications in the usage of satellites for communication purposes. Very Small Aperture
Terminal technology is quite popular in large countries such as USA, India and in the Soviet Union. India has 600 V-
SAT terminals all over India connecting main information centres of the country and these information centres have
been connected to the main hub in New Delhi where the communication isdone through their own satellite named
INSAT. The V-SAT technology is heavily used in commercial applications such as banking and trading, as the
information from various places could be obtained through the computers using this technology. With the
developmentoffibre opticsand advanced satellite technology, anew conceptcalled "Communications Highways" has

been put forward by technologists and researchers.

LOW EARTH-ORBITING SATELLITES

This article has so farconcerned geo-stationary satellites and their applications for telecommunication but
it has certain drawbacks as the message takes about a 1/4 second to travel to the satellite and to return to the earth
station. Because this time delay it is difficult to converse with another user who has access to the earth station in
another country. Therefore the new concept of using low earth-orbiting satellites for telecommunication purposes

has now been introduced. Under this system satellites willbe kept about 600 miles away from die earth's surface, (fig. 5)

Padmasiri de Alwis
Deputy Director
Arthur C Clarke Centre

Katubedda
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SATELLITE COMMUNICATIONS—THE NEED

A

Figure 2. Arthur Clarke’s three basic orbits.
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The Text book of the 21st Centu

Imagine astudent inserting a Credit card-like piese of plastic in
to a high-resolution, flat-screen holder the size of a paperback
book. He selects the size, face and color of the type he wishes
to read and pushes a button to turn the “pages.” with just a
touch he can obtain a definition or explanation ofany word or
phrase on the screen, or he can rotate a crystalline structure or
the spiral helix of DNA to predict the outcomes of physics
experiments or to see the airflow patterns created by an eagle’s
wings.

This is not a fantasy. It could well be aglimpse inti the textbook
of the future. More than just an electronic or Multimedia tool,
the textbook of the 21st Century will be process-oriented, with
volatile, man, manipulable contents, and a knowledge base that
cAn be endlessly updated and customized. Definitely not a
textbook for the passive learner.

Today, of course the, the basic instructional tool is still the
traditional paper textbook-sometimes accompanied by a
computer diskette containing exercises for examples. Often
these ancillaries computerize a task that might be done just as
easilywith paperand pencil. They don’tbegin to take advantage
ofsome ofthe mostexciting possibilities ofelectronic textbooks:
simulation, multimedia construction and collaboration.
Certainly print has its limitations. It is static, itis linear, and has
a knowledge base, it is very thin: if you want to know more
aboutaparticularsubject,
you can’t get hold of
further expiations or
illustrations without
leaving the book and
going toanothersource.

- In the Information age, a diverse
educational experience will be the critical
foundation for success. What tomorrows
students will need is notjust mastery of

rg”iltimediaconstructions on a topic ofspecial interest instead
of traditional term papers.

The projects database contains not only the completecontentsof
a textbook on Chinese history', but also a collection of videos
and still shots of Chinese artifacts that span more than two
thousand years. Stiudents used the Macintosh to search this
rich database for words, images and sounds that would be
relevant to their topic. Ultimately, the students combined all of
these resources into a multimedia presentation. The results
were impresive, but more importantly, the process was both
engaging and instaictive.

The thired learning strategy that tomorrow’s textbooks will
encourage is collaboration. Electronic networks have already
changed the ways thatstudents and scholarswork and interact.
Collective authorship ofscientific papers isnow the rule, as the
researchers in farflung laboratories share data and ideas on a
dailyoreven hourly basis. These electronic messages constitute
a continuous dialog that may eventually take the place of
scholarly journals.

In the same way, textbook authors (as well as adopters of
textbooks) maygo on-line to update, revise, and improve their
own and others books on a continuous basis, adding new

perspectives and enhancing documentation.

Smaller, Cheaper and
Smarter

To realize the textbooks
oftomorrow, we will need
to make our computers

smaller, cheaper and

Thats why it is so } ; smater. Miniaturization is
important to add SUbJeCt matter, bUt maStel’y Of Ieam |g- vital to educational
electronic mediato the . Education will not be simply a prelude to ~ computing. precisely

tools used in the
classroom, although
admittedly the process
isn’t always as fast or
smooth as we might
like. The technology is always many steps ahead of the ability

of educational intitutes to absorb and exploit it.

New Learning Strategies

Simulation, or "situated cognition,”as it issometimes called, is
awayofputtinglearningintoacontext. Multimediaconstraction
can bestbe described with the example ofa project that is part
of a long-term research effort called Apple Classrooms of
Tomorrow. The project, called “Sun of Heaven," consits of a
deep-content database about the history of china. It enables

high school kids who are studying China to prepare

a career, but a lifelong endeavor."
fohn Scully <Ex «CEO Apple Computer Inc.

because we need a mix of
technologies in our
classrooms.
Miniaturization gives us a
CD-ROM Atlas without
sacrificing the globe, and it gives us a multimedia lesson on
Beethoven without sacrificing the piano in the corner of the
room. As the hardware shrinks, so-over time-will the price.
But making the machines smaller and cheaper won’tget us far
if we don’t also make them smater. As long as instructional
technologies remain delivery vehicles, learners will remain
passive. We mustn’t get so caught up in the glitz of these
entertaining delivary systems that we become .satisfied with a
passive envirinment.

Janaka Perera, Manager Training,

Wijeya Graphics (Pvt) Ltd.



