History of Radio and Electronics

- histories of many of the great names or pioneers in electronics radio and technology along with stories about how some of the great technologies came into being.


How technologies developed


Summaries of how some of the important technologies we rely on today ayhve come into being. While not all of them may be obvious today they set the foundations in place for many of the radio, wireless and electronic technologies we take for granted today.


Technology photos


Check out out photographs and images of vintage wireless electronics and communications equipment on our sister site at Adrio Communications.
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Samuel Morse


- the inventor of the Morse Telegraph System


In many respects Samuel Morse was a most unlikely person to become a leading technology inventor, developing the Morse Code, Morse Keys and the Morse telegraph system, a new communica​tions system that would revolutionize (реконструировать) the world. It has been said that it was the "Internet" of the Victorian age. Later further developments were made in the form of the telephone, allowing voice communications over wires. Although the name of Morse is well known for his Morse code, comparatively few people realize he was one of the best artists to come from the North American continent.


Boyhood for Samuel Morse


Samuel Finley Breese Morse was born on April 27th 1791 in Charlestown (now Charleston) Massachusetts. His father Jedidiah Morse who was an American Congregational minister (служитель) and an eminent geographer, author on the first American textbook on geography entitled Geography Made Easy (1784).


His parents sent the young Morse to start his education at Phillips Academy in Andover (USA). He proved to be a rather poor and slightly eccentric scholar, but despite this he was moved to Yale College a few years later. Here his two main interests started to grow. The first was associated with the new science of electricity and the second was painting, especially small portraits.


Foreign travel

Morse graduated from Yale in 1810 and became a clerk for a book publisher in Boston Massachu​setts. However he found the job uninteresting and he longed to become a painter. So a year later with help from his parents he set out for England to study the traditional style of painting followed there. Four years later in 1815 he returned to America and to his dismay he found that the style of art he had studied was not appreciated. Accordingly he took up portrait painting and became an itinerant artist.


In 1818 when Morse was 27 he married Lucretia Pickering Walker, a young lady from Concord New Hampshire who was just 19 years of age. They were blessed with three children and it is obvious from his writings and reports that he loved her, but Morse needed to earn money to support his family and this took him away from home. During this period he had some notable successes but also some failures as well. In 1822 he completed work on a painting of the House of Representatives in session. This work included small portraits of over 80 members of the house. He had planned to charge an admission fee to see the picture, but the response was so poor that he abandoned the idea. However he did paint a portrait of the Marquis de Lafayette, A French man and a hero of the American War of Independence. This is judged to amongst his finest works.


Life started to improve for Morse as his reputation improved. However whilst he was away on business in Washington he received news that his wife died whist she was convalescing from an illness. He now had to face life supporting and looking after three children, but despite these additional responsibilities he devoted himself to his work and achieved considerable success.


Morse also lead an active social life. He was described as a natural leader and mixed with intel​lectuals and those in high office. In 1826 along with thirty other American artists he founded the national Academy of Design and he was elected president, a post he held until 1845. He also took an active interest in politics.


An idea dawns (рассвет)

Morse decided to travel to Europe to study more about the styles used there. He spent three years visiting France, Italy and Switzerland to look at the forms of art practiced there. At this time the electro​magnet had just been discovered and a number of elementary forms of telegraph systems had also been proposed. Morse who had retained (сохранять) his interest in electricity heard about the electromagnet and he started thinking about how this new invention could be used. It was during his trip home an idea for a practicable (реальный) telegraph system started to develop.


As Morse was very busy with his painting as well as lecturing because he was now appointed pro​fessor of painting and sculpture at the University of the City of New York (now New York University). As a result he did not devote (посвящать) much time to his idea for a telegraph. It was not for about three years that he was able to develop a prototype. However once he had done this his enthusiasm for the idea grew and in 1837 he gave over all his time to it putting his painting and lecturing to one side.


Unfortunately he did not have all the resources to build the complete system himself and so enlis​ted the help of a number of friends to get the system off the ground. One named Alfred Vail was gifted with mechanical ideas and many people believe that he actually invented the Morse key. Progress was swift at first and within a year they had developed a system of dots and dashes to represent the letters and numbers. In fact this original code has many similarities to the one used today and it was used for several years before the need arose for it to be changed.


The partners realized that they had to interest the large organizations and government institutions if their idea was to succeed. They gave demonstrations to the American Congress and several other organizations in America but without success. Undeterred by this they even came to England where they hoped for a different response but without success.
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Morse was not easily stopped. Having failed to secure any interest with the help of his partners he set out on his own and this time he was successful. He managed to gain the support of Congress and received a grant of $30 000 to set up an experimental line between Balti​more and Washington, a distance of about 40 miles. Despite a number of major setbacks it took less than a year to complete and on the 28th May 1844 he sent the famous first message which read "What hath God wrought?"

With this system operating interest grew very fast. Many of the railroad companies saw the possibilities of the new system and they started to have systems installed. In fact after only four years more than 5000 miles of line had been installed to take the new telegraph system. In addition to this orders soon started to come in from Europe as they heard about the system and how it performed. With all of these orders Morse became very wealthy.

Along with this success came trouble. His former partners filed law suits against him as they felt they had contributed to the system. This legal battle took many years to settle and cost a great deal of money, but eventually Morse won and was able to hold onto all his ideas.

This key gained its name from the fact that it had a "hump" in its back. The key also has a sounder on the same base making it what was often termed a KOB or Key On Base


Locust Grove (роща белой акации)

As a result of his increasing wealth (богатство), Morse was able to buy a country home which he named Locust Grove. The 100 acre site was magnificent and overlooked the Hudson River near Poughkeepsie in New York State. A few years after he bought the house, in the early 1850s he commissioned the architect Alexander Davis to rebuild the house in the popular Italian style. It contained 24 rooms and gave him sufficient room for his family as well as a library to hold his extensive book collection as well as other mementoes he had acquired during his life.


Second marriage for Morse


In 1848 as his telegraph system was expanding very rapidly Morse married for a second time. There had been a number of rumors of romantic associations, although nothing came of them until at a family wedding he met a second cousin named Sarah. He was particularly struck by the way she responded to one of his son's who had learning difficulties. Sarah, herself was born with poor hearing and had a speech defect. The relationship grew quickly and they were soon married.


There was some family disapproval of the marriage. Sarah was less than half his age and some thought she might have married Morse for his wealth. Sarah strongly denied this saying that if Morse lost all his wealth she would support him herself. As proof of the strength of their relationship, this period proved to be the happiest in his life.


New Morse code


Although the original code that Morse had derived served its purpose well it had several limita​tions. Some letters had pauses in them, others had dashes that were longer than others, and there was no provision for accents required by some European languages. These problems meant that the code was not always easy to use. As a result of this a new code was devised and introduced in 1851. It bore many similarities to the old one but it was much easier to send having no spaces in the letters themselves and standard lengths for all the dots and dashes. In fact this code is called the International Morse Code and it is the one that is used today.


Later years


In his later life Morse was generous with his money. He supported many organizations from the religious to the educational. He also supported many itinerant artists because he remembered his years on the road during his younger years.


Morse also received the rare honor of having his statue erected during his own lifetime. In recog​ni​tion of his great achievements a statue was unveiled on 10th June 1871. Many famous people attended including Theodore Roosevelt Sr. Even today it can be seen in New York's Central Park. Later that eve​ning Morse there was a ceremony at the Academy of Music at which he was the guest of honor.


Morse died at the age of 81 in New York City on 2nd April 1872. He died peacefully after an illness of about two weeks in a home he and Sarah maintained in New York itself as their winter house.

Few people can have achieved so much especially in such diverse fields. He said that he wanted to be remembered chiefly for his invention of the telegraph system, but with the introduction of new and computerized forms of communication the use of the Morse code is decreasing. Conversely interest in his portraits is increasing and he will be remembered for many years to come as an artist. Even so the Morse telegraph system and the Morse code have played such a central part in the communications revolution that it will take many years for his name to be dimmed.


After his death the ownership of Locust Grove passed to the Young family. It stayed with this family until the death of Miss Annette Young who bequeathed the house and 20 acres of ground to the people of New York State. In 1963 it was designated a National Historic Site by the U.S. Department of the Interior and displays the life and work of Samuel Morse. For those wanting to visit, it is located two miles south of Poughkeepsie on U.S. Route 9. 


Development of the Morse Key


Since the first Morse telegraph systems were introduced, an enormous variety of Morse keys have been constructed. From Straight keys including the Camelback Morse key, to automatic Morse keyers such as the Vibroplex, their development has seen many new innovations, and enormous changes in style. Even today many people enjoy sending Morse Code using these Morse keys. While some may say that they are simply a switch, this is most certainly not the case. Morse keys have been the subject of over 300 patents in the USA alone, and they have undergone a considerable amount of development. The way in which keys have developed since the very first ones used by Morse himself is a fascinating story. Some styles of key are quite familiar, whilst others have quite unusual attributes and as a result many people find collecting keys a fascinating pastime.


The first Morse keys arrived at the very beginning of the Morse telegraph system in 1844. A few weeks before the demonstration of the first line between Washington and Baltimore in the USA, Vail used a system of opening and closing the circuit using a simple switch. Vail described the operation of the device saying that it worked "in much the same manner as a key closes a door". He built a very simple device with two contacts that needed to be pushed together to close the circuit. It was made using "springy" brass and was mounted on a wooden base. He called the device a "correspondents", the name that had been sued for earlier sending devices. This key was used for the first demonstration, but within six months he had developed a new type of key using a lever and a fulcrum, and this same format is used for manual keys today. For anyone wanting to see this "Lever Correspondents", it is on view in the Smithsonian Institute in the USA.


With the explosion in the growth of the Morse telegraph system, many keys were needed. The first ones were very crude, but quickly the idea of operator comfort needed to be taken into consideration as operators had long periods of operation. New keys were produced that made operation much easier. One of the first was known as the "camelback" - a name that resulted from the shape of the lever. Unlike the lever correspondent a spring was not considered necessary because the curved shape of the lever placed the centre of gravity towards the back of the lever away from the operator. In this way it naturally remained open or in the rest position. Whilst the first camelbacks did not have springs, two years later the first springs were added, and later in 1860, George Phelps, the chief engineer with Western Union made further improvements that made the keys much lighter and easier to use.
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This one dates from between 1850 and 1860. It has no adjustment on the spring and therefore dates from before 1860. Note the "hump" in its back that gives it the name


Keys continued to be used in ever-increasing numbers and their development progressed. The next major step forward occurred when James Bunnell introduced his "Triumph Key" in 1881. The basic design involved a steel lever with an integral trunnion or fulcrum. A hollow oval frame made the key very light and easy to use. These keys provided a number of advantages. Early keys suffered from the fact that the lever would come loose from the press fit trunnion. As a result of the improvements this style of key was produced in large quantities by a number of companies including Western Electric, Signal Electric and of course the Bunnell company itself.
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This one was manufactured around 1920 but it follows the basic design introduced by James Bunnell in 1881
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European keys often tended to be heavier than their US counterparts. This British Post office key dates from around 1900 and was manufactured by Walters Electrical


Despite these improvements difficulties were still being experienced. Operators were working very long hours and suffering from wrist pains. These were known as telegraphers cramp, or paralysis, and this arose from the large number of movements that needed to be made. TO help overcome this Bunnell introduced a new form of key in 1888 known as the sideswiper. Instead of using an up and down action the sideswiper used a side to side action with contact being made when the key was moved to either side. A rest or off position was in the centre.
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A sides wiper
Note the different type of construction with the paddle


The sideswiper was a great improvement for telegraphers. The incidence of telegraphers cramp reduced significantly. The next step in the development of keys was the semi-automatic or "bug" key. The first major step in the automation of Morse generation appeared in 1902 when Charles Yetman received his patent for what he called a telegraphic transmitter. This consisted of a typerwriter keyboard that converted the key depressions into Morse characters. The idea did not catch on because the unit was large and expensive.


A year later Horace martin introduced a machine called an Autoplex. This was battery powered and had a vibrating arm to generate the dots. Production of these items was very slow and only continued until 1905. However in 1904 Martin introduced a mechanical bug in 1904 he called a Vibroplex. It used a vibrating arm to generate the dots. Martin filed the patent for his idea on 7th May 1904, but he was not the only person working along these lines. A man named William Coffe filed a patent on 11th January 1904. 
This was very general in its wording encompassing many aspects of keyers, and as a result it was granted after that of Martin's. As a result many legal battles were fought. The Vibroplex was very successful and can still be bought today.
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A modern version of the original Vibroplex

With the advancement of electronics, fully automatic keyers that generated dots and dashes were eventually produced. Some of the earliest designs date from the 1940s, one even appeared in the April 1940 edition of QST, the magazine of the American Radio Relay League. Now with the introduction of integrated circuit technology keys that can store strings of code can be made easily and cheaply. Computers can also be used to generate and even read Morse code.


This is only a short summary of the developments that occurred with Morse keys, and naturally many interesting facts and keys have had to be omitted because of space.


History of the Morse Telegraph


Morse keys, the Morse Code and the associated Morse telegraph system may seem outdated now but they revolutionized World communications and enabled messages to be sent almost anywhere very quickly. Prior to electrical forms of communication it took many weeks for messages to be sent to the other side of the world. Australia was a very remote outpost of the British Empire for example. However with the introduction of the Morse telegraph system all this changed. Messages could be sent quickly and efficiently in Morse code and as a result the system expanded very quickly enabling remote or outlying areas to be linked to the centers of civilization.


All this started with an idea that dawned with Samuel Morse when he was returning from a trip to Europe. He was an eminent artist, but with a keen interest in the developing sciences, he had visited Europe to further his understand of the styles used their. On his return by ship he had plenty of time, and discussions took place on the ship. Out of these discussions ideas started to dawn in Morse's mind for an electrical communication system.


After his return, progress on developing his ideas for a communications system were slow. 
Eventually he enlisted the help of others including a man named Alfred Vail, a gifted mechanic. Progress became much faster and by 1838 they developed a system using dots and dashes to represent letters. Next they needed to secure funding for a trial system. This proved to be very difficult to achieve and the team Morse had brought around him drifted away. Nevertheless Morse was undeterred by the lack of interest, and he continued without most of his other partners. Finally he succeeded in securing funding to develop and install a trial 65 km line between Washington and Baltimore. It was completed in May 1844 and on 24th May Morse sent the first message "What hath God wrought!". The content of this message was chosen from the Bible (Numbers Chapter 23 vs 23) by Annie Ellsworth the young daughter of a good friend.


After the successful demonstration of this first line people quickly realised the value of the new system and its use spread very rapidly. Within a year many new companies came into being to run lines to all parts of America. New lines were installed, often along side railroad tracks. This enabled the railroad companies to keep in contact with trains and by knowing where trains were and whether there were any delays they could use the single lines that were installed more efficiently. It was also found that towns that had been isolated now had communications links with the outside world. Previously communications relied on stagecoaches or the Pony Express, requiring days or weeks to cross the whole of the USA. In fact so successful was the Morse telegraph that only 19 months after the Pony Express was started it had to be discontinued.
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An early key and sounder dating from around 1860.
The combination of key and sounder one a single base was known as a KOB (Key On Base)

Not only was the Morse system used in the USA, Europe and the rest of the world used it because of its effectiveness and simplicity. The first European line was set up between Hamburg and Cuxhaven in 1847, and many others quickly followed suit. Soon the need to link countries across seas and oceans was realised and in 1866 a submarine cable link was established between Britain and the USA, and by 1872 a link to Australia was established.


As a result of the vast use of the telegraph, stations were set up in towns, and in many remote areas repeater stations were required. Often new towns arose as a result of these. One famous example is Alice Springs in the Middle of Australia. Here a line was required from Adelaide in the South to Darwin across the centre of Australia so that messages could be sent to Darwin where an underwater line enabled messages to be sent to London. Alice Springs was one of several repeater stations required across Australia and it was located near a suitable pass in the McDonnell range of mountains. The town was near some water springs and it was named after the wife of Sir Charles Todd who erected the line.
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The centre of Alice Springs today

Changes


Many changes occurred as a result of the introduction of the Morse telegraph system. Not only did it enable outlying towns and villages to keep in contact with the outside world, but it also meant that in​for​ma​tion reached its destination far more quickly. This meant changes in many areas of life. The stock markets that previously only had access to information that was weeks old now received information that was hours old. Practices had to change to take account of the fact that up to date information was received.


The speed at which information could be sent meant that many areas of life started to speed up. At war up to the minute intelligence was of paramount importance and in the American Civil War, many te​legraph operators were in the front line to send back vital information. The bravery of many of these ope​ra​tors was outstanding, but as they were not in the Army, none received any gallantry awards.


The telegraph was also used to carry back the information about the end of the Civil War. After General Grant accepted the surrender of General Lee on 9th April 1865, he sent the message: "General Lee surrendered the army of Northern Virginia this afternoon on terms proposed by myself the accompa​nying additional correspondence will show the conditions fully".


Wireless and Morse


The Morse code was widely used for wireless transmissions, especially in the very early days when it was not easy to modulate a signal to carry sound. As a result many historic transmissions were made using Morse code. One was the first transatlantic radio transmission made by Marconi on 12th December 1901. This made headline news on both sides of the Atlantic.


Some years later another incident of major importance occurred. In 1912 during the maiden voyage of the Titanic, the liner steered a northerly course to shorten the distance travelled to try to make a record breaking crossing. Unfortunately she struck an iceberg on the night of 14th April and although she had been declared unsinkable, the great liner rapidly took on water and sank. The two wireless officers sent out the distress signals. Alas the wireless operator on the nearest ship was asleep and did not hear the call. However the distress signals were heard on both sides of the Atlantic as well as by the SS Carpathia that was about 93 km away. As a result Carpathia steamed towards the stricken liner only to reach the area an hour and twenty minutes after Titanic sank. Fortunately around 700 souls were rescued, but over 1500 people died in the tragedy.


Recent times


The development of communications systems did not stand still and as a result the use of Morse has declined considerably in recent years. The introduction of the teleprinter spelt the end of the use of Morse over landlines. Using the teleprinter it was possible to use a keyboard to enter messages, and a printed copy was provided at the far end. In Britain the Post Office discontinued the use of landline Morse in 1932, although in the USA and Australia its use continued until the 1960s.


The use of Morse over the radio has continued for many years after this particularly for ships. 
However the use teleprinters and then computers combined with the growing use of satellite communica​tions meant the end for Morse. Finally from midnight on 31st January 1999, international regulations no longer required ships at sea to be able to make distress calls in Morse.


Despite this some ships, especially those from the third world still use it as a low cost alternative to the more expensive satellite systems. Also radio amateurs still use it widely because it offers advan​tages in terms of the simplicity of the equipment and being able to make contact under conditions when other forms of communication would not be able to get through. As a result its use will continue for many years to come, continuing a tradition that is over 150 years old.

Milestones in Radio Technology

- an overview of the key milestones in the history of radio technology and its development


Early beginnings - It is impossible to say exactly where the story of radio starts. The early scientists who saw and investigated the effects of electricity and magnetism were crucial to the story. But a number of people also noticed effects that were probably caused by radio waves. Galvani is thought to have witnessed the effects of electromagnetic waves as he was investigating the conduction of electricity. Others too including Henry, Edison and others may also have witnessed effects as well.


Maxwell proves the existence of e/m waves - It was James Clerk Maxwell who first proved the existence of an electromagnetic (e/m) wave. He proved it mathematically, and published his findings in a number of papers. Much of this early work was performed whilst he was at Kings College London. His work was summarized in a book entitled "Treatise on Electricity and Magnetism." In 1871 Maxwell moved to Cambridge where he became the first director of the Cavendish Research Laboratory.


1887 Hertz discovers radio waves - In a series of experiments started in 1887 Heinrich Hertz proved the physical existence of radio waves that Maxwell had shown to exist mathematically. His transmitter con​sisted of a simple spark gap across an induction coil with a loop of wire to act as an antenna. The receiver consisted of a smaller gap in a loop the same size as that in the transmitter. In his experiments Hertz also discovered many of their properties. The results of his experiments performed in 1887-8 were published between 1888-90. Whilst other people had seen the effects before, nobody had realized what they were, and Hertz is rightly credited with having discovered radio or Hertzian waves as they were first called.


1894 The coherer is popularized - The coherer, an item used to detect radio waves took many years to develop with the earliest observations dating back to 1850. The first person to use the idea of the coherer was a Frenchman named Edouard Branly. He discovered that the resistance of a glass tube filled with metal filings fell to a few hundred ohms when an electrical discharge occurred nearby. The filings could then be "de-cohered" by a sharp tap on the tube. These devices were effective in detecting the transmissions of a spark transmitter. The idea was popularized by Oliver Lodge, especially as a result of a lecture he gave in 1894.


1894 Marconi's first experiments - In the autumn of 1894 Marconi performed his first experiments with radio waves in the attic of his parents house in Bologna. Initially he was only able to achieve distances of a few meters, but he made significant progress, steadily increasing the distance over which he send the signals. He managed to send signals over a distance of about 2 kilometers, and realizing the possibilities of the system for maritime communications he gave a demonstration to the Italian authorities. Unfortunately they were not impressed, and as a result Marconi moved to England.


1897 Marconi demonstrates radio waves travel over water - Marconi gave his first public demonstrations in December 1896. One major use for radio could be in crossing stretches of water. Cables were expensive and very vulnerable. Accordingly in the summer of 1897 Marconi set up a link spanning the 14 kilometres of the Bristol Channel. After this Marconi put on many other demonstrations and gave lectures: many were to the press and in this way he was able to gain the maximum amount of publicity. It also stimulated the interest of other experimenters.


1899 First cross channel link - Marconi steadily increased the range of his wireless system. In the spring of 1899 a first link was set up to cross the English Channel between an existing station at South Foreland in England and a station set up at Wimereux near Bologne in France. This was the first international wireless transmission. Another demonstration was organised later in the year and it was found that the signals from Wimereux could be heard back at Marconi's factory in Chelmsford over 130 kilometres away.


1901 First transatlantic transmission - With the successes in using radio waves to cross the English channel Marconi turned his eyes towards greater distances and being able to send messages across the Atlantic. If he could succeed in this he would be able to use his system to send messages across the Atlantic more cheaply than using a cable, and also keep in contact with ships over vast distances. Marconi started this venture by setting up stations at Polhu in Cornwall England and Cape Cod in Massachussetts, USA. Storms destroyed the huge antennas at both sites, and Marconi rebuilt the antenna at Poldhu, but relocated the station from Cape Cod to a site in Newfoundland. However the letter "S" being transmitted by the station in England was just received although with great difficulty in Newfoundland on 12th December 1901. 


1904 Fleming invents the diode valve - Professor Ambrose Fleming of University College London acted as a consultant to Marconi and he was very aware that detectors used in the receivers were the weak link in the receiving equipment of the day. Having seen the Edison effect - an effect Edison discovered when he was trying to extend the life of electric light bulbs, Fleming wondered whether this could be sued to detect radio signals. He gave details to his assistant who set up an experiment that worked. The diode valve had been discovered. It consisted of a heated element in an evacuated glass bulb. A second element was also placed in the bulb but not heated. It was found that an electric current only flowed in one direction with electrons leaving the heated cathode and flowing towards the second element called the anode, and not in the other direction.


1906 De Forest invents the triode - In the USA de Forest, replicated Fleming's diode and went a stage further by adding an additional element to give a device he called and Audion. Although de Forest applied for several patents in the years between 1905 and 1907, the invention of the triode is normally taken to be 1906. Initially the triode was only used as a detector. Its operation was not understood, and this prevented its full potential from being utilised.


1912 The triode used as an amplifier - It took some time before the full potential of the triode was realised. Eventually it was de Forest who succeeded in using it as an amplifier and in 1912 he built an amplifier using two devices. This was demonstrated to AT&T who understood its potential for use as a repeater in long distance telephone circuits.


1918 Armstrong invents the superhet - Although thermionic valves (tubes) enabled far greater performance to be gained in radio receivers, the performance of the devices was still very poor and receivers of the day suffered from insensitivity and poor selectivity. During the First World War a considerable amount of effort was devoted into resolving these problems. An intermediate solution was developed by a Frenchman named Lucien Levy, but in 1918, Edwin Armstrong developed a receiver where the incoming signal was converted down to a fixed intermediate frequency. Here it could be satisfactorily amplified and filtered. Unfortunately the idea did not gain much acceptance at first because the war ended, and superhet receivers were very expensive because of the numbers of valves they used. It took until the late 1920s before the number of transmitting stations rose to a level that the performance of the superhet was required and further developments meant they could be made more cheaply.


1920 Early broadcasts by the Marconi Company - The possibilities of broadcasting entertainment and news using radio soon arose. In Britain initial transmissions were made by the Marconi Company from their Chelmsford works for experimental purposes. These broadcasts started in February 1920. Although only two daily programmes were broadcast they had an enormous impact. The famous international singer Dame Nellie Melba took part in one on 20th June 1920.


1921-23 Short wave transatlantic success - Long distance communications had until now been concentrated on the long wavelengths. Accordingly radio amateurs had been only allowed to use the short wave bands which were thought to be of little commercial value. However in the USA a number of amateur stations had made contacts over considerable distances. This made people wonder whether it would be possible to make contact across the Atlantic. After several sets of tests commencing in 1921 contact was finally made between the American stations 1MO and 1XAM and the French station 8AB in November 1923. Then in October of 1924 a station at Mill Hill School in the North of London made contact with one in Dunedin New Zealand on the opposite side of the globe. Meanwhile commercial interests were also exploring the capabilities of the short wave bands, and a number of links were set up.


1922 2LO and the BBC - In May 1922 the Marconi Company was allowed to set up a broadcast station in London. Later in the year the British Broadcasting Company was formed and this took over the station that had the famous call 2LO. Initially it only had a power of 100 watts, which gave it a maximum coverage of about 40 miles. Later with a power of 1.5 kW its coverage was greatly increased.


1925 International Broadcasting - The Westinghouse Company set up a short wave broadcasting station (KDKA) in East Pittsburgh which transmitted on a wavelength of 62.7 metres. This was succes​sful​ly received and rebroadcast in Britain. In Britain the amateur station 2NM run by Gerald Marcuse started broadcasts in 1927. These gained great popularity and shortly after their start the BBC commenced broadcasts from an experimental station. However it took until 1932 before the Empire service (the forerunner of the BBC World Service) was officially opened, broadcasting from Daventry in the Midlands.


1934 Frequency Modulation - Although wideband FM is widely used today it took many years for its advantages to be discovered, previously everyone had tried to improve its performance by reducing the bandwidth. It was Edwin Armstrong who made the breakthrough. However it took many years for him to convince people about its superiority. In 1934 he brought his idea to the attention of RCA, and a year later he set up a demonstration. Then in 1939 he used his own money to finance a station to prove that the system worked. Shortly after this the idea began to take off and by January 1940 150 applications for FM broadcast stations had been submitted in the USA. In 1954 the BBC launched its wideband FM service.


1945 Arthur C Clarke proposes geostationary satellites - Up until this time all international communications relied on either short wave radio transmissions or cable links. Short wave radio was unreliable and subject to high levels of interference, and international telephone cables were exceedigly expensive. In 1945 the author Arthur C Clarke wrote a historic article in Wireless World describing a system that used satellites in geostationary orbit. Signals would be transmitted up to the satellite that would rebroadcast them back to the earth. In view of their altitude above the earth the signals would be able to be received many thousands of miles away from the original transmitting station. Clarke calculated that only three satellites would be required to cover around the globe. His idea was revolutionary, and it took many years before the technology was available for it to be implemented.


1957 Sputnik 1 launched - On 4th October 1957 the USSR (Russia) launched the first satellite into orbit. The satellite was in a very low orbit which took 96 minutes to circle the earth. It only transmitted a bleep, but it was sufficient to prove that satellites could be successfully put into orbit.


1962 Telstar launched - Several other satellites followed Sputnik. Some were launched by the Soviet Union, and others by the Americans. However the launch of Telstar proved to eb a major milestone in satellite development. On 23rd July 1962 it was used to make the first live transatlantic television transmissions. Signals from the USA were seen live in many homes around Europe, making communication shistory. Another satellite named Relay was used to beam the pictures of the funeral of the Late President Kennedy to people all over the world. Since then the number of satellites has considerably increased, along with improvements in technology. Now most international communications are routed via satellites. Apart from this they provide many other useful functions including navigation, geological surveys, weather information, direct television broadcast and so forth.


History of the Radio Receiver

- history of the development of the radio or wireless radio receiver from the earliest sets using coherers and magnetic detectors to modern high performance semiconductor based radios.


In 1895 Marconi demonstrated the first viable radio system, now over 100 years later the radios that are in use today bear no resemblance to the early equipment that was used. The equipment that was used in the 19th Century was crude and very insensitive, nowadays receivers are very sensitive and they offer many facilities. They are also used in a wide variety of applications from broadcast reception, through cellular telecommunications to satellite links and much more. To be able to operate in all these diverse areas, receiver technology has changed beyond all recognition. These developments represent the work of many people from the earliest days of wireless right up to the modern day. Some of these people have their names entered the technology history books, but the majority were just ordinary engineers or radio enthusiasts who remain unknown.


Wireless beginnings


The story behind the development of the radio receiver begins with the discovery of radio waves themselves. A brilliant Scot named Maxwell was the first person to prove electromagnetic waves existed. However he only showed this mathematically and he was never able to demonstrate them in a practical form. Although many people stumbled across them and demonstrated effects that now we know were radio waves, it was a German named Heinrich Hertz who knowingly demonstrated these new waves which Maxwell had proved existed. He used some spark gap equipment to transmit and receive radio or Hertzian waves as they were first called.


Hertz used a number of variations of the basic equipment. Essentially the transmitter consisted of a circuit in which a spark was made to jump across a gap. A second circuit with similar dimensions but with a smaller gap was placed within a meter or so of the first circuit. When a spark was made to jump across the gap in the transmitter circuit, a smaller but simultaneous spark would be seen to jump across the gap in the second.


Naturally the range of this arrangement was very limited, mainly because the receiving circuit had to pick up a large amount of energy for the spark to jump across the gap.


Coherers


It was soon realized that more sophisticated and sensitive methods of detecting radio waves were needed. A device called a coherer became the basis for reception, and remained in widespread use for about ten years. The coherer is based around the effect that had been known since the 1850s that small particles of dust or even metal filings stick together or cohere when an electric field is present.


The first person to use the phenomenon to detect radio waves was a Frenchman named Edouard Branly. He discovered that the resistance of a glass tube filled with metal filings fell from a few megohms to a few hundred ohms when placed close to a discharge. A short mechanical shock then restored the coherer to it high resistance state.


Once Branly had developed the basic idea, Oliver Lodge popularized it when he gave a lecture in 1898 in honour of Hertz who had recently died.. Lodge also made improvements to the device. Usually the coherer was made to operate a bell so that when a spark or discharge took place the bell rang. A self-restoring feature was also introduced. The current flowing through the coherer was made to operate a small tapper that restored the coherer as well as ringing the bell. This meant at it was ready for the next discharge almost immediately.


Note on the Coherer:


The coherer was a very early form of radio detector used around the late 1800s and early 1900s to detect radio waves. It relied on the principle that iron filings or other similar particles cohered and formed a conducting path when in the vicinity of an electric discharge. 


Guglielmo Marconi


It was possibly Marconi who did more for the new technology of radio than any other person, especially in its early days. He believed that these new waves could be used to communicate over great distances. He also undertook many experiments and steadily improved the distances over which signals could be detected. He looked at the coherer and had his assistant spend many hours experiment with different materials to find the best combinations, and in this way he made some significant improvements.


As an indication of the way in which his developments were progressing he managed to span the Bristol Channel, and later he managed to send a message across the English Channel. During this experiment the signals were picked up at his factory in Chelmsford. This was considerably further than anyone had expected the signals could travel, and it made Marconi think that it would be possible to span the Atlantic.


Although Marconi's company did not have the funds to support a venture of this size, undeterred he set about the task, building stations in Britain and America and after many difficulties he managed to make contact in December 1901. This was an enormous achievement and it made headlines in the newspapers, but the sensitivity of the receiver proved to be the limiting factor. This set Ambrose Fleming, professor at University College London and consultant to Marconi thinking about the ways in which improvements could be made.


Magnetic detector


While the coherer was one of the first radio wave detectors, it had many limitations. Another form of detector that came into use was the magnetic detector, often known as the Maggie for obvious reasons.

The magnetic detector took over from the coherer, especially on maritime installations. It was also used by Marconi for his famous transatlantic transmission in 1901.

It had the advantage that it was possible to directly hear the detected incoming signals. With the coherer any signals were only indirectly heard.


Note on the Magnetic Detector:


The magnetic detector superseded the coherer and in many early experiments and radio communications links it was the favoured form of detector. Although not very sensitive by comparison to later forms of detector, it was reliable and gave a significant improvement over the coherer. 


Fleming's Valve

The idea for this next development in receiver technology found its origins with Edison in America. He had been investigating the reasons for the short life of light bulbs. After a short while the inside of the bulbs became blackened and he could not find a way to prevent this. It was thought that carbon from the filament was coating the inside of the glass. In one experiment to overcome the problem he placed a second wire or electrode into the bulb and noticed that current would flow between the electrodes if the negative end of a battery was connected to the heater filament and the positive end to the additional electrode. He also noticed if the battery was reversed, then no current flowed.


Surprisingly, Edison could not find a use for this interesting phenomenon. Fleming who had seen the effect demonstrated by Edison wondered if it could be used to detect radio waves. He set his assistant to set up an experiment to discover if it could be used, and to their delight it did. He called it his oscillation valve because it acted in the same way as water valve in only allowing flow in one direction.
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The idea behind Fleming's Oscillation Valve

Crystal detectors


While Fleming's valve was a great stride forward it would take some years before thermionic technology was fully adopted. One of the reasons for this is that it was expensive to manufacture and to run. It could only be powered by batteries when used as a radio detector and batteries did not last for long because of the power required by the filament. Batteries were also very expensive as they had not been developed as much as they have been today.


Around this time work on other types of detectors started to be undertaken and it resulted in what was later known as the cat's whisker. It consisted of a crystal of a material such as galena with a small springy piece of wire brought up against it. The detector was constructed to that the wire contact could be moved to different points on the crystal, and thereby obtain the best point for rectifying the signal and the best detection.


These detectors soon gained the name cat's whiskers as a result of their construction. They were never very reliable and the whisker needed to be moved periodically to enable it to detect the signal properly. However they were very much cheaper than valves and gained widespread acceptance.

It is interesting to note that the cat's whisker was the first semiconductor device. The materials that were used were semiconductors, and cat's whisker formed a very crude point contact diode.


Note on the Cat's Whisker Detector:


The Cat's Whisker detector was a very popular form of radio detector, changing the modulated radio frequency signal into an audio voltage that could be heard in headphones. Gaining its name from the fact that it used a thin wire akin to a cat's whisker, it was not particularly efficient or reliable, it was widely used because it was cheap, easy to make and more effective than other means of the day. 


Triodes


Despite the success of the cat's whisker, work did not stop on the development of thermionic technology. An American named Lee de Forest was a competitor to Marconi and needed to develop receiver technology that did not infringe any patents to which Marconi had access. To achieve this he devoted a large amount of time in developing a thermionic detector which did not infringe Fleming's patents. He took out a number of patents in the period between 1905 and 1907 covering a variety of developments that culminated in the form of the triode valve in which there was a third electrode called a grid. He called this tube an Audion. With the benefit of hindsight it seems amazing that the Audion was initially used as a leaky grid detector and it took until 1911 for it to be used as an amplifier. Once this fact had been discovered many people were quick to exploit this fact in a variety of applications. One of the first areas in which valves were used was in the manufacture of telephone repeaters, and although the performance was poor, they gave significant improvement in long distance telephone circuits.


With the discovery that triode valves could amplify signals it was soon noticed that they would also oscillate. This was a mixed blessing. It was a great disadvantage because these early valves were very difficult to stabilize when used for signals above a few kilohertz. However the fact that valves could be used as oscillators was exploited in generating signals. Previously high frequency signals had been difficult to generate. If steady signals were required, electromechanical techniques had to be used, and these had obvious frequency limitations. With the use of valves it was possible to make relatively compact electronic oscillators.

TRF Receivers


Once the triode was established as an amplifier it made a tremendous difference to radio receiver performance as it allowed the incoming signals to be amplified. Previously most sets used crystal detectors and even with a large aerial, the signal levels were low. The introduction of the triode valve enabled signals to be amplified so that more distant or weaker stations could be heard. However in virtually all cases the valve was used as an audio amplifier because of the stability problems with these early devices.


To be able to achieve sufficient gain, more than one valve was needed, and as their cost was very high, people looked at making the most efficient use of them. One way that proved very successful was introduced in 1913 and involved the use of positive feedback in the form of a regenerative detector. This gave significant improvements in the levels of gain that could be achieved. The idea these regenerative receivers proved to be very successful. The amount of feedback could be adjusted to the point of oscillation, and this greatly increased the gain and selectivity, enabling this type of receiver to out-perform all other forms.


War developments


With the outbreak of the First World War, there was a great impetus to develop wireless technology further. Both sides of the conflict recognized the benefits it could bring, both in terms of improved communication and intelligence. One of the first areas on which development activity was focused was the valve itself. In these early days of thermionic technology their performance was poor. They lacked gain, especially at high frequencies and they were prone to oscillate when they were used at frequencies anything above a few kilohertz.


Originally it was thought that small amount of gas in the envelope was key to their operation. However an American named Langmuir disproved this and as a result a new generation totally evacuated "hard" valves were introduced. Not only was the operation of valves improved by the complete evacuation, but it also allowed the heaters to have coatings applied to them to improve their emission. In the old "soft" valves the gasses in the envelope contaminated the coatings making them unusable.


The other problem with valves was their susceptibility to oscillation. One of the main reasons for this was the level of capacitance between the grid and anode. A number of attempts were made to reduce this. H.J. Round undertook some work on this and in 1916 he produced a number valves with the grid connection taken out of the top of the envelope away from the anode connection. This proved to give a major improvement, but the final solution did not come until the 1920s.


Although the TRF receiver represented a major improvement in performance over what had been available before, it still fell short of the needs for some of the new applications. To enable receiver technology to meet the needs placed upon it a number of new ideas started to surface.


One of these was a new form of direct conversion receiver. Here an internal or local oscillator was used to beat with the incoming signal to produce and audible signal that could be amplified by an audio amplifier. Although the basic principle of the direct conversion had been known about for many years many considered the system was wasteful of valves because the oscillator and mixer did not contribute to the gain of the set. Even in military circles this was a consideration because of the size and cost of the valves and their associated batteries.


The problem was solved by one of Britain's leading wireless engineers, a man named H J Round. He developed a receiver he called an autodyne in which the same valve was used as a mixer and an oscillator, Whilst the set used fewer valves it was difficult to optimize the circuit for both the mixer and oscillator functions. To make the next leap forward in receiver technology a new type of set was needed.


The superhet radio


With the rise in use of wireless technology in a variety of areas, the need for greater selectivity became more apparent.


Crystal sets had neither the gain nor the selectivity needed, and also the new tuned radio frequency, TRF sets lacked the levels of selectivity required, especially as the number of transmitting stations rose and there was a need for greater levels of performance.


To combat this, the superheterodyne radio or to give it its shorter name the superhet radio rose in popularity, especially as the number of broadcast stations rose.


Note on the Superhet Radio History:

The superhet radio, or to use its full name, the superheterodyne radio was developed during the First World War. Its development arose from the need for much greater levels of performance both in terms of selectivity and sensitivity. However the additional valves (tubes) it used meant that its use did not become more common until the 1930s when the technology required became cheaper and the levels of performance it provided became a necessity. 


Superhet Radio History

- history of the development of the superhet or superheterodyne radio receiver from its beginnings with the discover of beats to the double and triple superhets for high performance.


To solve the problem a new type of receiver known as the superhet, or supersonic heterodyne receiver was developed. The first step in this development was taken by a Frenchman named Lucien Levy. He was investigating ways in which receiver selectivity could be improved and in doing this he devised a system whereby the signals were converted down to a lower frequency where the filter bandwidths could be made narrower. A further advantage was that the gain of valves was considerably greater at the lower frequencies after used after the frequency conversion, and there were fewer problems with the circuits bursting into oscillation. The idea was very successful, and even though it did not totally eliminate interference as Levy had hoped it was a considerable improvement over previous receivers. 
However it was not the superhet of today because his receiver still retained the idea of a variable frequency filter, even though it was at a lower intermediate frequency.


The idea for developing a receiver with a fixed intermediate frequency amplifier and filter is credited to Edwin Armstrong. Working for the American Expeditionary Force in Europe, Armstrong thought that if the incoming signals were mixed with a variable frequency oscillator, a low frequency fix tuned amplifier could be used. Like Levy's idea this would enable the valves to operate at a lower frequency where they would be more efficient. It also meant that a fix tuned amplifier could be used and this would be capable of providing much greater degrees of selectivity than a variable one. This is because several stages could be cascaded relatively easily and the tuning preset before use.


Armstrong's original receiver consisted of a total of eight valves. In the set the signal was conver​ted from its incoming frequency down to a fixed intermediate frequency stage. By altering the frequency of the local oscillator the frequency of the received signal was changed. The low intermediate frequency stage allowed greater levels of gain, as in the case of Levy's set because the low frequencies allowed greater levels of gain and stability. Also having a fixed frequency intermediate stage allowed the filters to be more selective. Several tuned circuits could be cascaded to improve selectivity, and being on a fixed frequency they did not all need to be changed in line with one another. The filters could be preset and left correctly tuned.


The new superhet gave an impressive performance, but its development came at the end of the war. With its use of a large number of valves it was only viable for use in specialist applications, many of which were no longer required after the cessation of hostilities. Accordingly Armstrong's discovery was rarely used for a number of years. Interestingly, Armstrong was not the only person working on the idea of a superhet. Meissner in Germany took out a patent for the idea six months before Armstrong, but as 
Meissner did not prove the idea in practice and did not build a superhet radio, the idea is credited to Armstrong.


Superhet gains acceptance
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It took many years before the superhet was widely used. In the early 1920s there were few stations that could be heard and the superior performance of the superhet was not required, especially at the considerable cost of all the valves that were used. However as the 1920s passed more stations came on the air, especially in America and the need for the selectivity provided by the superhet became more apparent. As a result the superhet started to be used. A number of developments in valve technology also helped. Originally all valves were directly heated, and this meant that each valve required a separate filament supply. The introduction of the indirectly heated valve meant that an alternating supply could be used. This was because the heaters different connection to the cathode. This allowed the bias conditions to be fulfilled even if the filaments were connected in series or parallel with one another.
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The use of superhets by domestic users forced further developments to be made. Originally these sets were very cumbersome and sometimes difficult to use. 
Ganged tuning capacitors were also introduced to enable the local oscillator and the radio frequency stages to be tuned by one control. Many other refinements were added enabling them to be made more cheaply and easier to use.


The need for the increased performance of the superhet was first felt in America and by the late 1920s most sets were superhets. However in Europe the number of broadcast stations did not start to rise as rapidly until later. Even so by the mid 1930s virtually all sets in Europe as well were using the superhet principle.


Valve technology improved again with the introduction of further electrodes into the envelope. In 1926 the tetrode valve was introduced. This valve had a second grid placed between the normal control grid and the anode. This had the effect of reducing the capacitance causing the feedback, and enabled valves to operate far more reliably than they had done before. Three years later the tetrode was improved by the introduction of the pentode. In this type of valve, yet another grid called the suppressor grid was introduced. This overcame a discontinuity in the curve of the tetrode, and enabled further improvements in their performance.


Further refinements


In 1939 hostilities arose and again it gave a new impetus to radio development. Although the superhet was well established by this time, the performance of radios in terms of selectivity, sensitivity and frequency coverage was improved as a result of the need to meet ever more exacting requirements for the war effort. During this time a number of classic communications receivers were designed. Some like the AR88 or HRO are still sought by enthusiasts today and although they are relatively large by today's standards, they can still give a good account of themselves under current crowded band conditions.

Once the use of the superrhet radio was established it became virtually the only form or topology of radio that was used.


Various forms were developed including double and even triple superhet radios and they had correspondingly high levels of performance.


Transistors introduced


In the late 1940s the transistor was discovered. Initially the devices were not widely used because of their expense, and the fact that valves were being made smaller, and performed better. However by the early 1960s portable transistor broadcast radios were hitting the market place. These radios were ideal for broadcast reception on the long and medium wave bands. They were much smaller than their valve equivalents, they were portable and could be powered from batteries. Although some valve portable receivers were available, batteries for these were expensive and did not last for long. The power requirements for transistor radios were very much less, resulting in batteries lasting for much longer and being considerably cheaper.


Although transistors gained a wide level of acceptance for broadcast sets, their introduction was a little slower in the professional market. The performance of the early transistors was much lower than that of valves, and this meant that high performance sets were not so easy to design. Nevertheless as transistor performance improved and field effect transistors were introduced, semiconductor technology soon started to overtake that of valves. This was particularly true of the size and weight characteristics.


Further developments in semiconductor technology lead to the introduction of the integrated circuit. This enabled radio receiver technology to move forwards even further. The fact that integrated circuits enabled high performance circuits to be built for less cost, and significant amounts of space could be saved both gave advantages.


As a result of these developments new techniques could be introduced. One of these was the frequency synthesizer that was used to generate the local oscillator signal for the receiver. By using a synthesizer it was possible to generate a very accurate and stable local oscillator signal. Also the ability of synthesizers to be controlled by microprocessors meant that many new facilities could be introduced apart fromt he significant performance improvements offered by synthesizers.


21st Century


Receiver technology is till moving forward. Digital signal processing where many of the functions performed by an analogue intermediate frequency stage can be performed digitally by converting the signal to a digital stream that is manipulated mathematically is now widespread. Indeed the new digital audio broadcasting standard being introduced can only be used when the receiver can manipulate the signal digitally.


Whilst today's radios are miracles of modern technology, filled with low power high performance integrated circuits crammed into the smallest spaces, the basic principle of the radio is usually the superhet, the same idea which was developed by Edwin Armstrong back in 1918.


History of the Coherer

- history of the coherer, detailing how it was discovered and where it was used including some landmark radio communications transmissions 


The coherer was a very early radio wave detector. It was used for detecting the signals for many early wire-less transmissions.


The coherer was used with the spark transmitters of the day: these transmitters used a high voltage, often created by an induction coil arrangement, and this was then used to create a spark, and the resultant signal was radiated by an antenna connected to the system.


Although not very sensitive, the coherer was often the best way of detecting these wireless signals and being able to read the radio communications transmission being sent.


As such the coherer history forms an essential element within the whole development of radio communications technology and was a key enabler within many major firsts.


Early coherer history


There are a number of early observations that have been recorded that set the foundations for the developemtn of the coherer.


In 1850 Pierre Guitard found that when dusty air was electrified, the particles of dust would tend to link together in strings.


In another observation, but this time with an application two British inventors, C and S A Varley took out a patent in 1866 for a lightning arrestor. In this patent application, the arrestor had two copper points that were almost touching as in a normal arrestor. However the box that contained the arrestor had carbon power. The carbon would then provide a conduction path in the event of discharge that was not sufficient to jump across the spark gap, thereby removing any residual charge.


This was an important discovery in the overall history of the coherer as it set out the fundamental principle of the coherer.


The next major step in the development of the coherer was the discovery in 1878 by a researcher named Hughes that a glass tube containing loose zinc and silver filings was sensitive to electric sparks at a distance. The filings cohered in the presence of a nearby spark.


In a further development another researcher named Onesti is believed to have experimented with a predecessor to the coherer in 1884.


However the person to whom the credit for the invention of the coherer is generally given is a Frenchman called Edouard Branly.


Edouard Branly


In 1890 Branly published details of his findings. He had confirmed the observations made previously by Hughes and also investigated the way in which an electric spark in the vicinity of the filings of power could change the conductivity of these powdered conductors as they "cohered".


He observed a change in the resistance of thin metallic films that were exposed to electric sparks. First he used platinum deposited on glass and he later discovered that the variations in the resistance of metals in a finely divided state were even more marked. He then went on to show that these changes were due to the presence of an electrical spark, and as a result of the newly discovered Hertzian waves (i.e. radio waves).


He then conducted some investigations into the use of different types of filings and powered conductors to discover which produced the optimum effect.


Input from Oliver Lodge


Sir Oliver Lodge had been working independently in Britain and came up with similar findings to those of Branly.


However, it appears that he saw the findings of Branly at some stage. He improved the design taking the ideas a stage further forward. Lodge also called this improved detector a "coherer" and thus it was he who named the device.


Lodge presented some of his findings to the Institution of Electrical Engineers, IEE, in London in 1890. Then in 1894 he devised and exhibited an adjustable point device. This had an end with a fine spiral spring that gently touched an aluminium plate.


Marconi & the coherer


Marconi was one of the major early developers in the field of wireless or radio communications systems. He came over to Britain in 1896 because he was not able to gain any interest in his native Italy for commercial applications for wireless / radio communications systems.


He had been introduced to Oliver Lodge and most likely as a result he started to use the coherer for his radio systems.


Marconi was a great experimenter but not a theorist.


Marconi tried many different methods, perpetually trying new ideas to see if they made any improvements. He was then very careful not to allow his competition to gain the secrets of his developments. There were stories that his engineers took home the mixtures of filings over the weekend in case there was a break in at the offices by any of the competition.


Marconi's favored coherer format was to have a sealed glass tube. This had two silver plugs which were attached to platinum wires. The inner ends of the plugs were cut at an angle, and brought within two millimetres of each other. The space between was generally filled with nickel and silver filings in the correct proportions. Occasionally other mixtures were used according to the experiments that had been undertaken.
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Coherer as used by Marconi

Marconi used his coherers in many of his commercial systems. These were generally installed on ships where they enabled messages to be sent back to land based stations.


End of the coherer


The coherer was never a very satisfactory form of radio detector. In the early days of radio, the detector was the main factor limiting the performance and achievable range of a system. In addition to this the coherer was expensive to produce, especially as significant amounts of silver were often used in their manufacture.


As a result, much effort was placed into finding a better replacement for the coherer. In 1904 Ambrose Fleming invented the diode valve (vacuum tube). These devices were expensive to make and run. As a result thermionic technology was not widely used until later.


Around 1907 the first viable alternative was found in the form of the cat's whisker diode rectifier. Although a little temperamental, their performance was far superior and the cohere soon fell out of use.


Crystal / Cat's Whisker Radio Detector 

- details of the cat's whisker radio detector or crystal detector - how this detector worked, the different types and the history of its development. 


The cat's whisker detector is one of the most iconic components used in early radio sets. Also called the crystal detector it was an iconic component used in many early radio equipments.


Today, many cat's whisker or crystal detectors sets can be seen on the antique and collectors market.


In their day, the radios using the cats' whisker detector or the crystal detector performed well and for many years they were the main type of detector used in sets used for the reception of broadcast transmissions.


The development of the crystal detector or cat's whisker itself resulted from the observations made by people researching into radio technology, although they had little understanding of the principles because they are a form of semiconductor diode, and the basic theory behind this technology was yet to be discovered.


Cat's whisker crystal detector


The crystal detector, or as it later became known, the cat's whisker detector provided a much superior form of detection and allowed a direct audible indication of the incoming signal rather than coherers that cohered to give an indication that could then be fed to headphones.


However one of the first reported uses of a crystal detector was by an Indian professor of Physics at Presidency College in Calcutta named Jagadis Chandra Bose. He demonstrated the use of a diode using galena (lead sulphide) crystals and a metal point contact. He filed a U.S patent for a point-contact semiconductor rectifier for detecting radio signals in 1901.


Then in 1906 a number of other patents were filed. One of the first fpr the year was that from Ferdinand Braun in Germany who patented his detector on 18 February 1906. This crystal detector was based on psilomelan - a hydrated oxide of manganese.
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Typical crystal detector / cat's whisker detector 

Then on 21 February 1906, L W Austen filed a patent for a tellurium-silicon detector. Then a month later in March 1906, General H H C Dunwoody in the USA patented a carborundum detector. This was followed by Greenleaf W Pickard filing a patent in August of that year for a silicon metal rectifier. 
This was the culmination of around four years work for Pickard who said he had been working on crystal detectors since 1902.


Operation of crystal or cat's whisker detector


There were various formats for crystal detectors. However they relied upon the fact that a PN junction as made, and this reacted as a diode rectifier. It had been noticed that current would only flow one way through the diode, and this gave it is detecting action.
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AM detection using a crystal detector / cat's whisker detector 

There were a number of methods that were used to create crystal detectors. The most common was to use a crystal mounted in a crystal holder. A thin copper wire known as a cat's whisker (hence the name of the overall detector) was then connected to a holder that could be moved to allow the wire to be placed on a suitable position on the crystal.


At the point where the wire contacted the crystal a point contact diode was formed. Although it would not conduct high currents, it was ideal for receiving radio signals.


An alternative form of detector called a "Perikon" detector used two crystals in contact with each other.


Using a cat's whisker detector


In general the cat's whisker crystal detectors were reasonably reliable by the standards of the day. Those used in the early 1900s proved less reliable than the later ones. This was mainly as a result of the way they were used. They were used alongside powerful spark transmitters. It was found that the transmitter caused high voltages and current levels to be generated in the diode detector and it required repositioning once the spark transmitter had ceased operating and the receiver was required.


This effect was found to be less pronounced with carborundum detectors that used a steel spring with a higher tension on it that exerted a greater force on the crystal.


In normal domestic use, the cat's whisker crystal detector operated reliably and the wire only needed repositioning relatively infrequently.


Usage of the cat's whisker detector


The cat's whisker detector came into its own with the rise of broadcasting. The detector was relatively cheap and provided a reliable means of detecting signals. In addition to this it required not batteries like the thermionic valves (vacuum tubes). In addition it offered much better tonal quality than the valves of the early 1920s which were also very expensive.


Magnetic Detector 

- details of the magnetic detector, sometimes referred to as the Marconi Magnetic Detector used in very early radio or wireless receiver sets before other forms of detector were available. 


The magnetic detector was an early form of radio detector used during the early 1900s.


The magnetic detector, or "Maggie" was found to be more reliable than the coherer, an earlier for of detector for wireless signals.


Although Marconi did not invent the magnetic detector, he did a considerable amount to develop it and as a result, it was sometimes referred to as the Marconi Magnetic Detector.


Although the magnetic detector was later superseded by more sensitive forms of wireless or radio detector, the Maggie, provided useful service while it was in use.


Magnetic detector invention


The effects on which the magnetic detector is based had been observed as early as 1842.


At this time Joseph Henry had been investigating the effects of electromagnetism and he discovered that magnetised needles became demagnetised when they were in the vicinity of a discharging Leyden jar.


Then in 1895 Ernest Rutherford took this idea forwards and used the concept to detect radio waves, or as they were referred to at this time, Hertzian waves, over a distance of just under a mile at the Cavendish Laboratory in Cambridge, UK.


The ideas used by Rutherford were further developed by Professor Ernest Wilson in 1897.


Later, realising the limitations of the coherer, especially thinking of setting new records for distance, Marconi realised the need for any improvements in receiver sensitivity. As the coherer was notoriously insensitive, he invested effort into developing the magnetic detector which had distinct advantages and possibilities for further development.


As a result of the considerable improvements he made, some referred to some of the detectors as Marconi Magnetic detectors. 


Magnetic detector use


After the invention of the magnetic detector its use became widespread. It was more sensitive and reliable than the coherer and it enabled signals to be directly heard in headphones.


The magnetic detector was more sensitive and also more reliable than the coherer. As a result, it was widely used as the standard detector on maritime receivers between about 1902 until about 1914. 
After this time it tended to be replaced by crystal and valve or vacuum tube detectors that were more sensitive.


Marconi made considerable use of the magnetic detectors using them for his famous first transatlantic wireless transmission in 1901.


Magnetic detector advantages

The magnetic detector had a number of advantages over the previous coherer detector used:

· Improved sensitivity:   the coherer had been notoriously insensitive. The magnetic detector managed to provide a significant improvement, although it was not as sensitive as later forms of detector. 

· Improved reliability:   The coherer was not always particularly reliable. 

· Improved performance in presence of interference:   Interference was a particular issue because the coherer would respond to any impulse. As headphones were used with the magnetic detector and the signal itself heard, it was possible for the operator to distinguish between the signal and interference. 

· Improved reception speed:   The coherer had a limited speed of operation - it needed to be decohered before another signal could be detected. The magnetic detector had no such limitation. It was therefore possible to increase the speed of transmission when using a magnetic detector.


Vacuum Tube Thermionic Valve History 

- the history of the vacuum tube or thermionic valve from the first observations of the Edison Effect through early developments such as Fleming's Oscillation Valve and de Forest's Audion.


The vacuum tube or thermionic valve brought the dawn of the age of electronics. Its invention enabled the wireless technology of the day to move forward.


The history of the vacuum tube or thermionic valve brings many individual discoveries together that enable the invention to be made.


The history of the thermionic valve also moves on to tell of the further developments that were made.


All these individual elements take their place in the overall history of the thermionic valve or vacuum tube.


Early valve or tube history


The first vacuum tube was not made until the beginning of the 20th Century, but the foundations for its discovery were laid many years before. Professor Guthrie made one of the first discoveries in 1873. 
He was investigating effects associated with charged objects and he showed that a red-hot iron sphere that was negatively charged would become discharged. He also found that the same did not happen if the sphere was positively charged.


The American inventor named Thomas Edison took the next major step in 1883. Edison was developing electric light systems and one of the major problems that he was facing was their short life. 
Although the filament life was a problem, the main limiting factor was that the bulbs quickly became blackened. Initially it was thought that this was caused by atoms of carbon from the element hitting the glass. As it was known that the particles leaving the element were negatively charged, experiments were carried out to prevent them hitting the glass. One method that Edison tried involved placing a second element into the envelope. He reasoned that if he placed a positive charge on the second electrode, particles could be attracted away from hitting the glass of the bulb. Edison experimented with the polarity of the charge on the second electrode and he noticed that when the second element was made positive with respect to the filament then a current flowed in the circuit. When the potentials were reversed he noticed that this did not happen. Edison was fascinated by the effect but uncharacteristically he did not find a use for it. Even so it became known as the Edison Effect.


Over the years Edison demonstrated the effect to many other leading scientific personalities including Preece, a well-known British electrical engineer and more importantly to Ambrose Fleming, the professor of electrical engineering at University College London. Although no developments were made for a number of years the seed had been sown for later discoveries.


More Developments


Like Edison, Fleming was also fascinated by the effect and performed some experiments around the idea. For example in 1889 he had some bulbs made up for him by the Ediswan Company in the UK. 
Using these bulbs he reproduced the Edison Effect, although again this was performed using a steady state charge. It was not until a few years later that he observed that if an alternating current with a frequency between 80 and 100 Hz was passed through the bulb, then only one half of the cycle was passed. In other words it was rectified to produce a direct current.


At this time there was a lack of understanding about the operation of the device and this prevented further progress from being made. However the situation improved when Sir Joseph Thomson discovered that atoms were made from even smaller particles, one of which was a negatively charged particle, an electron. Accordingly it was quickly realised that it was electrons that were being emitted from the heated filament in the bulb, and it also provided the reason why they were attracted to an electrode with a positive charge.


Fleming's oscillation valve


In addition to his work at University College London, Fleming also acted as a consultant to the Marconi, who at this time was rapidly increasing the distances over which wireless signals could be used for communication. For example, in 1901 he made the first transatlantic transmission, and then sought to improve the performance that could be achieved. Fleming rightly saw that the major limitation in the sensitivity of the receiving equipment was caused back the lack of sensitivity of the detector. At the time coherers and magnetic detectors were used, and both of these instruments were very inefficient.


Fleming decided that he needed to seek ways of improving this situation, and in November 1904 whilst he was walking along Gower Street in the West End of London, he had what he called "sudden very happy thought". He wondered if the Edison Effect could be used to rectify what he called the "feeble to and fro motions of electricity from an aerial wire". Fleming instructed his assistant to set up an experiment and to their great exhilaration they were quickly able to prove that the idea worked.
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Concept of the diode vacuum tube

Fleming called his new invention an "oscillation valve" because it acted in a similar way to a valve in a pump that allows gas or water to move in only one direction. He patented the idea that was clearly a major step forwards in wireless technology. Even though the vacuum tube was still in its infancy it was still a major improvement over the coherer or magnetic detectors that were available at the time.


Despite its clear advantage over other detectors, Fleming's oscillation valve or vacuum tube was not widely used. Valves or tubes were difficult and expensive to make and their heaters consumed large amounts of power and this had to be supplied by expensive batteries. Additionally some cheaper devices were discovered in 1906. Devices that were forerunners of the Cat's Whisker detectors that were used in crystal sets until the mid-1920s were discovered. In fact two different patents were filed, one by Ferdinand Braun for a crystal detector using hydrated crystals of manganese oxide and the other by H. 
Dunwoody for a crystal detector using carborundum. These devices had many limitations but they were very much cheaper than Fleming's oscillation valve and as a result they were quickly adopted.


The Audion


Even though crystal detectors were very successful, several people continued to investigate whether they could develop thermionic or vacuum tube technology whilst avoiding any infringement of Fleming's patent. It was de Forest, an American who had been working on a variety of areas associated with wireless who made the next and crucial vacuum tube development. He had been researching Fleming's diode valve and having investigated the idea he took out some patents for improvements in 1905 and 1906 where he introduced a third electrode. However in 1907 he took out a patent for a three-electrode device where the additional electrode which was placed between the anode and cathode had a fine grid structure. He called this device his Audion which he used as a leaky grid detector, not realising its full potential.


It was not until 1911 that the vacuum tube was used as an amplifier. After this discovery people were quick to try to exploit it. De Forest built an amplifier using three Audions and demonstrated it to the telephone company A.T & T. Although the performance was poor they saw its potential and soon started to build repeaters using vacuum tubes which they had improved. Naturally as soon as the tube was used as an amplifier, people were quickly able to use it as an oscillator. Indeed, one of the problems soon encountered was difficulties in preventing oscillations in view of the high values of grid anode capacitance.
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An early example of a triode valve or vacuum tube.


Note the brass base and the four pins for connection to the outside world. With the first valves or tubes now available, at least in the laboratory, the way was set to further develop the technology and improve their performance.

Transistor History

- history of the development of the transistor - how it was developed, the main names of Bardeen, Brattain, and Shockley.


The transistor history tells of a development that took many years. It built on many years of theoretical research into semiconductors.


First semiconductor diodes arrived and these were able to deliver improved performance over thermionic predecessors in some areas.


However the transistor history is a testament to the perseverance of the researchers who were finally rewarded with the first semiconductor amplifying device.


Bardeen, Brattain, and Shockley were the names that are remembered within the transistor history, but there were many others along the way, who also contributed to the final invention of the bipolar transistor.

Transistor history foundations


The first foundations in the transistor history were set in place many years before. Even in the nineteenth century it had been observed that a class of materials had some unusual electrical properties. These semiconductors had a negative coefficient of resistivity, they were able to rectify electrical currents and they exhibited a photoelectric effect.


Another early use of semiconductors was for the "cat's whiskers" which were detectors used in radio sets. Although they were cheap, there were notoriously unreliable.


Although there was comparatively little interest in semiconductors at this stage of the transistor history before the Second World War, but some developments did occur. Copper oxide and selenium rectifiers started to be used, particularly in applications like battery chargers. The photoelectric effect was also exploited in photographic exposure meters. However their use was relatively limited.


However some development of semiconductor devices occurred in the 1920s and 1930s, most of the theoretical research into the sub-molecular physics was directed towards thermionic technology. This was because even small advances in this field would produce large rewards and a handsome return on investment.


Diode developments


One of the major motivators in the history of the transistor and the development of semiconductor technology in general was the Second World War. One of the greatest advantages which Britain held over Germany was the use of Radar. Operating on relatively high frequencies the need for high performance high frequency components became even more acute. Semiconductor technology was a major key to performance at the higher frequencies being used.


Experts in all fields associated with the development of semiconductors from the UK and USA were quickly assembled. Work started on producing point contact diodes.


As the work progressed semiconductor diode technology made many strides forwards. Teams on both sides of the conflict made developments which gave devices which a far superior performance to anything that was available before the war.


Transistor work starts


As hostilities started to draw to a close, Bell Laboratories realized that there were major possibilities for semiconductor technology. In the spring of 1945 a major meeting was called to discuss the future research into them - this was a pivotal point in the transistor history. Later that year authorization was granted for research to proceed to seek "new knowledge that could be used in the development of completely new and improved components".


As a result a solid state physics group was set up under William Shockley and Stanley Morgan. Shockley also headed up the semiconductor sub-group which was to include Brattain and Bardeen to make up the trio who invented the transistor.


Transistor trio


The three main characters involved in the transistor history were:

· William Shockley:   He was born in London in 1910 of American parents. He only remained in England for three years after which his parents returned with him to the U.S.A., settling near San Francisco. Here he gained his first degree from the California Institute of Technology after which he moved to the Massachusetts Institute of Technology to gain his Ph.D. in 1936.

After leaving University Shockley joined Bell Laboratories, initially working on electron diffraction. In 1955 he moved on from Bell Labs to set up his own company called Shockley Semiconductors in his home town of Palo Alto. This company attracted many other semiconductor experts. With the influx of expertise several other companies started up in the area. One backed by the Fairchild Camera and Instrument Company was started in 1957 by a number of Shockley's old employees. This all had a snowball effect and before long this small area had the highest concentration of semiconductor experts in the U.S.A.. Silicon Valley was born.

· Walter Brattain:He spent his first few years in China, moving to Washington State when his parents returned home. He took his first degree at Whitman College in Washington State, moving to the University of Minnesota to gain his Ph.D..

After leaving university Brattain applied to Bell Laboratories but they turned his application down. Instead he went to work for the National Bureau of Standards. Brattain soon applied again to Bell, and at the second attempt he was successful. After joining Bell he initially worked on copper oxide and semiconductor rectifiers, giving him a good grounding in semiconductor technology. Brattain remained at Bell until his retirement in 1967. During his retirement he held the post of Visiting Professor at Whitman College until his death in 1987.

· John Bardeen:   He was the only one of the trio to be born in the U.S.A.. He was born in Wisconsin in May 1908. Taking his first degree at the University of Wisconsin, he moved on to Princeton for his Ph.D.. After taking up a fellowship at Harvard and a teaching post at Minnesota University he joined the solid state physics group at Bell Laboratories in the Autumn of 1945.

In 1956 he received a Nobel Prize along with Shockley and Brattain for his work on the transistor, but by this time he was involved in research into superconductors. It was in this area that he felt he made his greatest achievements, and in 1972 he was awarded a second Nobel prize for this work.

In addition to his Nobel Prizes he received a number of other awards, including a gold medal from the Soviet Academy for Science. Bardeen died at the age of 82 at the beginning of February 1991.


With the preparatory work done, and the team assembled, the transistor history moves onto the actual invention of the transistor.


Integrated Circuit History

- the history of the development of the integrated circuit - how it was developed, the main names of Noyce, Kilby, Project Tinkertoy, etc.


The history of the integrated circuit is one of the most important stories within the electronics arena.


The history of the integrated circuit shows that the IC developed as a result of the need for very small electronic assemblies.


The transistor had shown the way, now history shows that the direction had been set: engineers and scientists saw the possibilities of much greater levels of miniaturisation.


IC history beginnings


With the transistor well established, people soon started to wonder if several components could be placed on the same piece of semiconductor. If this could be accomplished then considerable improve​ments in performance and reliability would be obtained in addition to reductions in size.


One of the main driving forces in the history of the integrated circuit, IC came out of the need for improved military equipment. The Second World War had conclusively proved the value of electronics beyond all doubt. Radar had been an outstanding success, and many other new uses had been found for electronic equipment.


One of these was an early computer called Colossus which was developed by the British to help decipher German encrypted messages. It contained over 1500 valves and generated a phenomenal amount of heat. It was the most complicated piece of electronic equipment at the time and it proved to be very successful although somewhat unreliable.


As electronic equipment became more sophisticated and complicated a number of problems arose. Firstly the physical size grew. This was a particular disadvantage for aircraft where size and weight were very important. As a result it limited the complexity of equipment which could be carried in aircraft. The second disadvantage was even more important. As the complexity of the circuitry grew, so the reliability fell. It often fell to a point where it was being maintained for longer than it was in use. This was particularly true of some of the early valve based computers.


Some of these problems were solved to a degree by the use of new construction techniques. Smaller valves enabled the size of equipment to be reduced a little, as did the introduction of printed circuit boards. However the main advantage brought about by the introduction of printed circuit boards was an increase in reliability.


Despite these improvements the basic problems were not solved. Reliability was still too low, and the equipment too large. Then in 1948 the Soviet Union exploded its first nuclear bomb. The U.S.A. saw this as a great threat. It meant that the Soviet Union could easily launch an atomic attack on the U.S.A.. With existing technology the U.S.A. would not be able to detect this until it was too late. Better methods of detecting possible threats were needed, and this required more complicated electronics.


Tinkertoy & IC history


The integrated circuit history shows that one of the first major attempts to solve the problems of size and reliability was started in 1951 when the U.S. Government funded a study. Code named Tinkertoy, it investigated a number of possibilities, many of which are in standard use today.


Within Tinkertoy, double sided and even multi-layer boards were developed, as well as the techniques for making plated through holes on a board. Whilst the transistor may have seemed an obvious candidate for inclusion in the project, it was not used because the technology was very new and unreliable at the time.


Other developments and ideas that were key within the integrated circuit history were beginning to surface. Across the Atlantic in England, Dr G Drummer from the Royal Radar Establishment proposed the idea of building a circuit as a solid block without any interconnecting wires. However this was more of a vision of the future because there were no practical ideas to support it. Nevertheless it was a remarkably accurate prediction of what the future might hold.


A year later in May 1953 the first patent for an integrated circuit was filed by H Johnson working for the radio Corporation of America (RCA). He proposed that all the components for a phase shift oscillator could be contained on a single chip of silicon. He detailed how the individual components could be made, but as the first p-n junction transistors had only just been made the technology did not exist to be able to manufacture it.


IC history moves on a-pace


Meanwhile back in the U.K., Drummer kept working on his idea. In 1957 he placed an order with the research wing of Plessey to investigate methods which could be used to manufacture an IC. This was a key development within the integrated circuit history.


It took some time for work on the project to start properly. In fact it was not until 1959 that work was really under way. By this time it was too late because wok was progressing far more swiftly in the U.S.A..


The key elements were now in place within integrated circuit history for the IC itself to come to fruition.

Great Names

Read about the great names in the history of radio and electronics:-

	· Andre-Marie Ampere
· Edward Victor Appleton
· Edwin Armstrong
· Ambrose Fleming
· Michael Faraday
· R A Fessenden
· Johann Gauss
· Oliver Heaviside
· Heinrich Hertz
· Hedy Lamarr
	· Sir Oliver Lodge
· Nikola Tesla
· Thomas Alva Edison
· James Maxwell
· Guglielmo Marconi
· Hans Christian Oersted
· Captain H.J. Round
· Alessandro Volta
· Georg Ohm


Andre-Marie Ampere

- the life of Andre Marie Ampere, the man who formulated the law of electromagntism often known as Ampere's Law and who gave his name tot he Amp, the unit of electrical current.

Andre Marie Ampere was one of the pioneers of modern electronics. He effectively made the first electrical measuring intrument (electronic test equipment), thereby enabling people to understand how much current was flowing in a circuit. Along with his mathematical derivations of electricity, he made a truly major input to the early science of electricity.

Ampere's birth

Andre-Marie Ampere was born on 20th January 1775 in Lyon, France. From an early age he could be seen to be brilliant, mastering many aspects of mathematics by the age of 12. In 1801 he became professor of physics and chemistry at Bourg and eight years later he was invited to take up the post of professor of mathematics at Ecole Polytechnique in Paris.

Ampere's work

Ampere's major break though came in 1820 after he heard about the discovery that Hans Christian Oersted had made in observing that a magnetic needle was deflected when placed near a current carrying cable. Ampere was given to sudden flashes of inspiration. True to form he developed a relationship between electricity and magnetism within a week and he had prepared a paper for publication.

Ampere formulated a law of electromagnetism, often called Ampere's Law that mathematically describes the magnetic force between two currents. In addition to this he undertook many experiments from which he managed to explain some electromagnetic phenomena that had been observed.

However one of the major reasons why he is associated with electric currents in particular is that he was the first person to develop an instrument to measure the magnitude of the current flowing in a conductor. This was of immense importance because up until this time no quantitative work had been possible and this opened up the way for a far greater understanding of electricity and current flow. In later work by other scientists this instrument was caleld a galvanometer.

Last years

Ampere died in Marseilles on 10th June 1836. In recognition of the importance of his work, the unit of current was named after him.

Sir Edward Victor Appleton

- a summary of the history and life of Sir Edward Appleton, the man who proved the ionosphere existed and enabled an understanding of world-wide radio signal propagation.

Sir Edward Victor Appleton was one of the key figures of the twentieth century who contributed to the knowledge of radio and the ionosphere and hence improved our knowledge of the way in which radio waves propagate in the HF portion of the spectrum.

Edward Appleton received a Nobel prize in 1947 for his work, the technique for which laid the foundations for the development of radar. He became Sir Edward Appleton when he was knighted in 1941.

Early years

The history of Edward Victor Appleton starts with his birth on 6th September 1892 in Bradford England. The city is in Yorkshire and was famous for its wool mills and was a centre of industry. Edward Appleton was the son of Peter and Mary Appleton.

The young Appleton received his early education at Hanson Grammar School in Bradford. Initially he showed little interest in anything apart from music and cricket, although at the age of 18 he won a scholarship to St John's College, Cambridge University where he studied under famous names including Sir J J Thomson and Lord Rutherford. Appleton was very successful and not only did he win prizes for his work and ultimately gained a first class degree in Natural Sciences.

Outbreak of War

With the outbreak of the First World War, Edward Appleton joined the armed forces, initially with West Riding Regiment, but later transferring to the Royal Engineers. While in the army, he trained on the relatively new technology of radio or as it was called then "wireless". This obviously interested him considerably because after the cessation of hostilities he returned to Cambridge in 1920 and took up research on radio waves. Here Appleton started as an assistant demonstrator of physics under J J Thomson. He soon developed an interest in wireless or radio valves, as well as in the propagation of wireless or radio signals.

Research begins

In 1924 Edward Appleton was appointed Professor of Physics at King's College of London University. He held this post for 12 years and it was during this time that he undertook much of his work on what was termed the Kennelly-Heaviside layer. This was a layer in the upper atmosphere that reflected radio signals, enabling the radio signals to be heard over great distances. This work was to lay not only the foundations for much of our knowledge of the ionosphere, but also for the later development of radar.

Much of the work Appleton undertook at Kings was based at their campus on the Strand in London. However his experiments caused interference to many others in the locality, and eventually his work was transferred to another Campus opened by the college in Hampstead in the outer suburbs of London. There was more space in this area and fewer radio users. Accordingly the interference to others was kept within acceptable limits.

The idea of a layer in the upper reaches of the atmosphere that could reflect radio signals had been postulated for some years. In 1901 Marconi made the first transatlantic radio transmission and this made it obvious that there must have been some mechanism to "bend" the radio signals. Then in 1902 Oliver Heaviside and A.E.Kennelly independently postulated the idea of the presence of a conducting layer. This was termed the Kennelly-Heaviside Layer.

Additionally Appleton had observed that the strength of the radio signal from a transmitter a on a frequency such as the medium wave band and over a path of a hundred miles or so was constant during the day but varied during the night, rising and falling in a regular manner. This lead to him to believe that it was possible that two radio signals were being received, one traveling along the ground, and another reflected by a layer in the upper atmosphere. The fading or variation in strength of the overall radio signal received resulted from the interference pattern of the two signals. The variation, he postulated, was caused by small changes in the reflecting medium causing the path length to change and hence the way in which the two radio signals interfered. Sometimes this would be constructive interference when the two radio signals would add together, and at other times it would be destructive when the two signals would tend to cancel each other out.

Appleton used the British Broadcasting Corporation (BBC) radio broadcast transmitter at Bournemouth England and transmitted a signal towards the upper layers in the atmosphere. He received the radio signals near Cambridge, proving they were being reflected. By making a periodic change to the frequency of the broadcast radio signal he was able to measure the time taken for the signals to travel to the layers in the upper atmosphere and back. In this way he was able to calculate that the height of the reflecting layer was 60 miles above the ground. The technique he used is now known as frequency modulation radar, and the layer in the ionosphere was the first item to be located using a radar technique.

Appleton realized that the reflections in this experiment could have conceivably been caused by reflections from distant hills or other objects, although if this were so it would not explain the fading of the radio signals that was observed. To ensure that this was not the case, he repeated the experiments some months later but used a directional radio antenna, thereby proving that the reflected signal was indeed emanating from the upper reaches of the atmosphere. In this way he eliminated any doubt about the mechanism of the way in which the radio signals propagated.

Further researches

Appleton continued his work on the ionosphere and in 1926 discovered a further layer above the lower Kennelly-Heaviside layer. This one at an altitude of between 250 and 350 kilometres was named the Appleton layer.

Later Appleton refined his method of measuring the height and nature of the ionosphere using a transmitter that sent out pulses of energy. The results of the reflected signals could then be displayed on an oscilloscope, giving a visual image.

Appleton found that the more he was discovering about what was now termed the ionosphere was posing more questions. For example it had been noticed that the ionosphere varied over time, but it was not understood what caused the changes. Accordingly Appleton continued his researches. A solar eclipse on 29th June 1927 provided a unique opportunity to investigate the effect of the Sun on the ionosphere. He discovered that as soon as the Sun was hidden by the Moon, the effective height of the Appleton layer increased. This suggested that the Sun had a direct effect on the layer and that radiation from the Sun was required to ionise the upper atmosphere. From this and other researches, the Appleton-Hartreee equation was developed. This showed that the charges that caused the "reflection" were free negatively charged electrons.

There were other discoveries Appleton made. He found that the height of the ionospheric layers was affected by the Moon as well as the Sun, and that they were strongly influenced by the earth's magnetic field and linked to this Appleton discovered that the polar blackouts were caused by magnetic storms.

Career

Edward Appleton was clearly a very gifted research scientist. After undertaking much of his research at the University of London between the years of 1924 and 1936. During this period he was elected Vice President of the American Institute of Radio Engineers. After his time at London University he took up the post of Professor of Natural Philosophy at Cambridge University between 1936 and 1939. After hostilities broke out in 1939, Appleton was appointed as the secretary of the Dept. of Scientific and Industrial Research. In this position he had considerable responsibility in defining the scientific research that was undertaken within Britain.

War years

One of the main achievements of the early war years was radar which was used for the early detection of aircraft. This was based on the original scheme used by Appleton for the detection of the ionospheric layers. The development of the radar system was undertaken by Robert (later Sir Robert) Watson-Watt. He stated that had it not been for the work undertaken by Appleton, then radar would have been developed too late for use in the Battle of Britain.

As a result of his work, Appleton was knighted in 1941. He also became a member of the Scientific Advisor Committee of the War Cabinet. In this capacity he was one of the committee that advised the War Cabinet on the feasibility of creating an Atomic Bomb.

Despite the heavy work load associated with his position in the Scientific Advisor Committee and with his involvement in the development of the Atomic Bomb, Appleton still found some time to continue with his researches into radio signal propagation and the ionosphere. He also discovered that the condition of the ionosphere was heavily dependent upon the number of sunspots on the sun, and when working with Dr. J S Hey he discovered that these sunspots were powerful emitters of radio signals.

Awards

In view of the tremendous contributions Edward Appleton had made to the advancement of radio and science in general he was given many awards. He was awarded the Nobel Prize for Physics in 1947. He was also awarded the Medal of Merit, the highest civilian award given by the United States. France made him an Officer of the French Legion of Honour, and Norway, the Norwegian Cross of Freedom, and in 1948 the Pope appointed him to the Pontifical Academy of Science.

These are but a few of the awards given to Sir Edward Appleton. However in 1949 he moved to the University of Edinburgh to become Principal and Vice-Chancellor, a position that he held for the rest of his life. However Appleton died on 21st April 1965

Edward Appleton facts

A summary of some of the chief facts about Edward Appleton: 

	Key Edward Appleton Facts

	Fact
	Details

	Birth date 
	6 September 1892 

	Birth place 
	Bradford, Yorkshire, England 

	Parents 
	Peter and Mary Appleton 

	Death 
	21 April 1965 

	Education 
	Hanson Grammar School Bradford, then Cambridge University 

	Academic position held 
	Professor of Physics at King's College of London in 1924

	Major work 
	Studies of ionosphere and discovery of the Appleton layer 

	Also known for 
	Work on radar 


Edward Appleton quotes

There are many Edward Appleton quotes that have been captured and make interesting reading;

· I don't mind what language an opera is sung in so long as it is a language I don't understand.

Edwin Howard Armstrong

- a biography of the life of Edwin Howard Armstrong inventor of the regenerative radio, superheterodyne radio and wideband FM.

Edwin Armstrong was one of the great pioneers of early radio communications or wireless technology.

The biography of Edwin Armstrong reveals a man of great innovation, but one who was exploited by the large companies of the time.

Armstrong's is a life story of great intelligence and technical achievement, but one of great personal turmoil and tragedy. He was primarily a scientist and inventor and not a businessman.

In his life, Edwin H Armstrong was the first to develop the regenerative radio receiver; to develop and construct a superhet or superheterodyne receiver; the super-regenerative receiver; and he also saw the benefits of wideband FM which he again pioneered. He pioneered more in the field of radio communications, than most other inventors that have worked in this field.

Without Edwin H Armstrong, radio communications and broadcast technology would have not developed as fast as it did.

Armstrong's early years

Edwin Howard Armstrong was born on 18 December 1890 born in the Chelsea district of New York City. His parents were John and Emily Armstrong.

His father worked for the American branch of the British publishing organization, Oxford University Press which published a variety of books including Bibles and classical works. He eventually managed to work his way up the organization, finally reaching he position of Vice President. His mother was a teacher in a public school. Both his parents were of Christian upbringing, and they actually me at a Presbyterian Church. 

When Edwin H Armstrong was only eight years old he contracted rheumatic fever and as a result he was taken out of school for two years. In addition to this the rheumatic fever left him with a twitch or "tic" that occurred particularly when he was excited or stressed.

As a result of his disability and time out of school, he became withdrawn and undertook many solitary activities. He became particularly interested in mechanical and electrical apparatus.

Having heard about the exploits of Marconi, Faraday and others as well as reading books about inventions, the new radio communications technology fired his imagination.

He started by building crystal sets and he also erected a large antenna in the garden of his parents' home. He also tried to investigate any new devices that were discovered and as a result he investigated the new Audio device developed by Lee De Forest. This was a development of the thermionic valve or vacuum tube diode invented by Ambrose Fleming of University College London.

Armstrong moves to Columbia University

Armstrong finished his studies at Yonkers high school and was admitted to Columbia University in New York in 1909. Columbia had a long history, being founded in 1754 as King's College by royal charter of King George II of England in the days when Britain ruled what is now the USA. As such Columbia is the oldest institution of higher learning in the state of New York and the fifth oldest in the United States.

Edwin Armstrong entered the Department of Electrical Engineering and immersed himself in his studies with a level of determination that characterized him for the rest of his life.

Armstrong had a particularly enquiring mind, never taking anything for granted and wanting to fully understand everything. Often the manner of his questioning was mistaken for arrogance, and in fact he did not patience with those who bluffed about their knowledge and experience. As a result of both of these facets of his character, Armstrong did not endear himself to all at the University.

Nevertheless Professor Michael Pupin, an experienced pioneer in the field of electrical science and communications, mentored and supported Armstrong. He even gave him access to a basement laboratory where he was able to develop and test some of his ideas.

Armstrong invents the regenerative radio

One of the issues Armstrong had faced when making crystal sets was that he needed a large antenna and even then the signals were weak and would not be easy to listen to.

Originally De Forest's Audion had only been used for rectifying radio signals, i.e. detecting them. However using this device Armstrong used it not only to amplify, but also provide positive feedback. Armstrong had studied the Audion of triode valve for a number of years, and had a better understanding of its operation than the inventor himself.

Using the Audion in an amplifying mode and with positive feedback, Edwin Armstrong was able to achieve very high levels of gain, and listen to distant signals that would not have been previously possible. 

As his idea was revolutionary, Armstrong wanted to patent the idea. He tried to borrow the money from his father to do this, but fearing it would impede the studies, Armstrong's father refused. This meant Armstrong had to sell his beloved motorcycle and borrow from relatives.

Accordingly Edwin Armstrong applied for his patent in 1913 and this was duly granted the following year.

Edwin Armstrong graduates

Armstrong invented the regenerative radio receiver while he was still a student at Columbia University.

He managed to complete all his developments and what was effectively original research while he was an undergraduate student.

Armstrong completed his studies and graduated with a degree in electrical engineering in 1913.

After graduating Armstrong was offered the position of assistant. During his time as a postgraduate at Columbia he set up a large antenna and was able to demonstrate long distance radio communications reception to his departmental head, Pupin, and then to many others including David Sarnoff and also De Forest - this was the first time that de Forest had seen his Audion work as an amplifying device.

Legal battles with De Forest

Once De Forest had seen the way Armstrong was using the Audion, De Forest started to claim the idea was his. Indeed he had observed the howling cause by feedback and had tried to reduce it, but he had never harnessed it or included it in any patents.

It was also clear that de Forest did not properly understand the operation of his Audion, whereas Armstrong had a much better grasp.

Accordingly after the end of the First World War, De Forest instigated legal proceedings against Armstrong., and being backed by A T & T who had purchased the patents, he could bring a far greater amount of force to bear. Initially Armstrong won, but after many appeals and repeat actions, De Forest finally won in 1934, on a technicality rather than technical merit at the US Supreme Court. Despite this, the scientific community was behind Armstrong.

John Ambrose Fleming

- biography of the life of Professor Sir John Ambrose Fleming, inventor of the oscillation diode valve or vacuum tube who some say is the founder of electronics 

Professor Sir John Ambrose Fleming is one of the great men of radio and electronics. 

Fleming's invention of the thermionic valve or vacuum tube could be said to be the beginning of modern electronics. It enabled wireless and later electronics technology to move forward, enabling the first wireless sets with a reasonable performance to be manufactured. As a result of this contribution, some refer to Ambrose Fleming as the Father of Electronics.

Although the invention of the thermionic valve or vacuum tube is Fleming's major claim to fame, he also made many other important contributions to the field of electrical machinery, measurements during his working life. During Fleming's retirement he took a keen interest in a vast number of other topics associated with electronics which included the new area of television.

Fleming's early years and education

John Ambrose Fleming was born on 29th November 1849. He was the eldest of seven children born to a Congregational minister. Although born in Lancaster his family moved to North London where he spent most of his early life. He was educated mainly at University College School on Gower Street in the West End of London.

On leaving school Ambrose Fleming entered University College London where he studied for his bachelor's degree under two famous names: de Morgan the mathematician; and Carey Foster the physicist.

Unfortunately Fleming had to leave after the end of his second year. His studies stretched the family's limited resources and he had to earn some money to continue. This he did by taking a job with a ship builder in Dublin. He soon tired of this job and took employment at a stock jobbing firm in the London Stock Exchange where he spent two years.

The job at the stock exchange was very convenient. Work finished at 4 pm and this enabled Fleming to study in the evening and as a result, he graduated in 1870 with a first class degree, one of only two that year. Not content with this he determined to further his studies, but before he could achieve this he needed to replenish his funds. With this aim he took up a post at Rossall School for 18 months before entering the Royal College of Science to study Chemistry in Kensington in 1872.

While Ambrose Fleming was here he first studied the electric battery and this resulted in the first paper he presented. It was actually the first one read at the newly formed Physical Society of London which later became the Institute of Physics. As such it appears on the first page of their proceedings.

Fleming at Cambridge

The lack of funds again forced Fleming to seek employment, and he became a science master at Cheltenham College. When he was here he was able to continue his research even corresponding with James Clerk Maxwell at Cambridge University. It was as a result of this that Fleming decided to study at Cambridge under Maxwell.

Whilst at Cheltenham, Fleming managed to accrue sufficient funds to return to University so that in September of 1877 at the age of 28 Fleming entered Cambridge. Here he studied under Maxwell for part of the time, commenting that he found his lectures difficult to follow. He graduated from Cambridge with a first class degree in Physics and Chemistry. A year later he gained his D.Sc. from London University and then spent a year as a demonstrator at Cambridge, although by this time Maxwell had died.
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John Ambrose Fleming the inventor of the diode valve 
Fleming enjoyed the academic life and he managed to secure the post of Professor of Physics and Mathematics at University College Nottingham, but despite this job he still wanted to return to London.

His time at Nottingham was relatively short, as he took up a position as a consultant to the Edison Telephone Company. This enabled him to see many of Edison's inventions, and he even travelled to the Edison's laboratories in the USA. This was to be a crucial event although Fleming did not know it at the time because it was to shape his future. The invention he saw was known as the Edison effect. It was found that an evacuated light bulb with a second electrode would allow current to flow from one electrode to the other, but only in one direction. While Fleming did not use the idea immediately, he took a keen note of it.

Fleming becomes professor at UCL

Fleming's long term aim was to be able to return to London. At the time there were no positions in the new and developing science of electrical engineering. Instead the nearest subject was physics. However Fleming was invited to give a series of lectures on electrical engineering at University College London, UCL, the premier college of London University. Then in 1885 he was asked to set up a new department for electrical engineering for which he would be professor. This was the beginning of a long association as he held the chair at UCL for 41 years. It was also a notable first because it was the first department of its sort in the country.

Professor Fleming enjoyed both research and lecturing. As a lecturer, his students said that his lectures were well thought out and clearly presented. He even devised methods to remember things - examples are the left and right hand rules for the relationship between magnetic field, current and force in electrical machines. Even today, these are called Fleming's left hand motor rule.

Fleming spent many hours ensuring that the demonstrations were clear and that they worked well. He would arrive very punctually to present the lecture and he would expect everything to be in place with "lantern slides" set out ready for projection and nothing was allowed to go wrong.

He spoke with great enthusiasm but so fast the undergraduates were unable to take notes easily. It is said that after a lecture, many students would come out exhausted only to have to spend many hours writing up and decoding their notes that were taken in great haste.

Whilst he was an excellent lecturer he also undertook a significant amount of research. During his first ten years at University College London, UCL, most of his researches were focused towards refining the theory behind transformers. The low voltage testing was undertaken at UCL, whilst the majority of the testing was carried out at a sub-station owned and operated by the London Electric Supply Corporation. The results were presented to the Institution of Electrical Engineers in London in November 1892 and represented a major landmark in the understanding of transformer theory. Accordingly Fleming became a leading authority on transformers as well as performing much valuable work on improving the accuracy of AC measurements.

Michael Faraday

- a summary or history and facts about the life and times of Michael Faraday, often called the Father of Electrical Engineering, and some Michael Faraday quotes.

Called the Father of Electrical Engineering and the greatest scientist of his day, Michael Faraday came from a humble background and received little formal education. In his lifetime Faraday achieved a great amount in many spheres of scientific discovery whilst also being a brilliant and charismatic lecturer.

Michael Faraday is best known for formulating the laws of electromagnetic induction, and laying the foundations necessary to make electric motors, dynamos and transformers. On top of this he devised the laws of electrolysis, was the first to liquefy chlorine, to isolate benzene and he also discovered magneto-optical effects. Through all of this he was a deeply religious and humble man whose scientific knowledge and religious beliefs were in harmony.

Faraday's Birth

Michael Faraday was born on 22nd September 1791 in Newington Butts, an area now covered by the Elephant and Castle, just south of the River Thames in London. His father, James Faraday was a blacksmith from Westmorland but a few years before Faraday's birth he had moved to London.

Faraday's father was also a member of the Sandemanian sect of the Christian Church, and this had a profound effect on Michael Faraday's adult life. Not only were the Sandemanians strict Christians, but they also encouraged their members to read - it was important to be able to read the Bible. Accordingly Faraday became an avid reader, a factor that enabled him to educate himself later.

At school the young Michael Faraday only learned the rudiments of reading writing and arithmetic, and then at the age of fourteen in 1805, he was apprenticed to George Reibau as a bookbinder. Here he was able to read many books and improve his standard of education. He read many scientific books, and he also repeated many of the experiments on his own, even building his own electrostatic machine. He also joined the City Philosophical Society in 1810, the place where he was to give his first lectures. Aware of his need to improve himself, he persuaded a friend to tutor him in grammar for two hours a week, an arrangement that continued for seven years!

In 1812, Faraday managed to obtain some tickets to listen to lectures by Sir Humphrey Davy of the Royal Institution. He attended them and took notes during the lectures. Later that year he applied to Davy for a position but Davy had no vacancies. However early in 1813 Davy's Chemical Assistant was involved in a fight in the main lecture theatre of the Royal Institution and was dismissed. Davy remembered Faraday and invited him in for an interview, after which he offered him the position.

Initially Michael Faraday worked under Davy, and later under Davy's replacement, William Brande. However between 1813 and 1815 he accompanied Davy as his assistant on a scientific tour of the continent. As Britain and France were at war, permission had to be obtained from Napoleon himself. This granted they set off on their travels around Europe, visiting Paris, Italy (where they met the aged Volta), Switzerland, Athens and Constantinople. On their return to England in April 1815 Michael Faraday resumed his position at the Royal Institution.

Turning to electricity

In 1820 the Danish philosopher Hans Christian Oersted discovered electro-magnetism. He had shown that when an electric current was passed through a wire close to a pivoted magnetic needle, it was deflected, indicating that the current flowing caused a magnetic field to be set up.

Faraday took an interest in Oersteds discovery because at this time, electricity was considered to be allied to chemistry. He made some further investigations. In one experiment undertook in 1821 he passed a current through a wire that was in the magnetic field from a strong horseshoe magnet and discovered that the wire moved. Although obvious today, this was a major milestone in the understanding of electricity and magnetism and brought him considerable renown. This meant the way was now open to create mechanical motion from magnetism and an electric current.

After this Michael Faraday returned to his chemical researches and it would not be for another ten years that he would make any further contributions to electrical science. In 1823 he succeeded in liquefying chlorine, and then in 1825 he discovered a chemical he called "bicarbuet of hydrogen" but known today as benzene. He also spent many years making and investigating optical glass.

From the days when he had attended the City Philosophical Society, Faraday had always enjoyed lectures. He was also a very gifted lecturer himself, and he believed in sharing his knowledge and wonder of the science of his surroundings. Accordingly in 1826 he founded the Friday Evening Discourse, and later that year he commenced the Christmas Lectures. Both of these continue to this day, the Christmas lectures being televised. Faraday actively participated in both, giving a total of 123 Friday Discourses and 19 Christmas lectures. Whenever he lectured the auditorium was full, indicating his immense popularity and like many of his other achievements it was the result of much practice and effort. However it was recorded in one lecture that an elderly gentleman in the front row fell asleep and snored loudly. Faraday paused and some clapping gradually broke out. The elderly gentleman awoke and joined in the applause to everyone's amusement. Faraday then resumed his discourse.

Electro-magnetic work resumes

Although Faraday's work had focused upon other researches, the idea of electromagnetism had never been far from his mind. Indeed his notes from 1821 contain the words "Convert magnetism into electricity", and he had periodically performed a few experiments during the following years, but without any success. Then in 1831 he completely focused his efforts on electromagnetism. In just ten days he succeeded in discovering the principles of electromagnetic induction, although he refined the work for some years afterwards. Until this time, people had thought that a magnetic force could be changed into electricity. It was Michael Faraday who demonstrated that the magnetic flux around a wire had to change before any induced current flowed.

His most famous experiment consisted of a ferrite ring on which there were two separate windings of insulated wire. A battery was connected to one, and a galvanometer to the other. Only when the battery was connected or disconnected did the galvanometer deflect. In a second experiment Faraday placed a rotating copper disk between the poles of a large permanent magnet. He showed that a current could be obtained in a conductor that extended from the axis of the disk to its edge.

In some experiments with static electricity he developed a similar idea of electric lines of force and he undertook many experiment's concerning dielectrics and non-conducting materials. Out of this work he developed the idea of what he called the specific inductive capacity, or what we know today as the dielectric constant.

It was also during this period, 1832 - 1834, to be exact, that Faraday undertook his work on electrochemical action. He coined the words loved by schoolboys of electrode, cathode, anode and ion to name but five.

The work on electromagnetism and electrostatics was at the forefront of his work for most of the time, and he put himself under considerable pressure to complete it. Unfortunately this took its toll on his health and coupled with the fact that he also became an elder in his church, there was a sharp decline in the level of his research work and his lecturing in the early 1840s.

Work restarts

Around 1844 Michael Faraday commenced another period of work. This was to be his last, and the main discovery was that he was able to rotate the plane of polarization of light passing through some heavy glass that was in the magnetic field from a powerful electromagnet. When the electromagnet was turned on and off the state of the polarization of the light changed.

With these and other observations, Faraday delivered a major lecture in April 1846 entitled "Thoughts on Ray-vibrations". This set the basis for Faraday's theory of electromagnetism he developed in the following years. This work was later taken up by James Clerk Maxwell who developed his famous equations that describe electromagnetic waves which in turn lead to the physical discovery of radio waves.

Faraday in retirement

In view of his tremendous contribution to science he was offered a grace and favour cottage at Hampton Court in 1858. With advancing age, ill health took its toll. His powers of reasoning were not as good as they had been and he suffered from loss of memory. Realizing that he could not keep up his original pace of work he began to retire from his many commitments from about 1860. Although still interested in science, he contented himself with a quieter life. However six years later in 1864 he was offered the presidency of the Royal institution. A humble man he was shocked that he would even be considered for the post and declined. He died three years later on 25th August 1867 and was buried in the Sandemanian plot in Highgate Cemetery.

He is famous for the immense number of discoveries he made and their importance yet he was also humble, taking his Christian faith very seriously. In doing this he donated a portion of his income to the church and also spent time visiting the sick. He was also a warm character, but on some occasions he could be fiery. He generally kept his temper under control, channeling it into his work where it manifest itself in a truly remarkable level of output. He also had a good sense of humor. Once when he was explaining a discovery to Gladstone who was Chancellor at the time he was asked, "But after all what use is it?" Faraday quickly responded saying, "Why sir, there is every probability you will be able to tax it."

Today Michael Faraday is fittingly remembered as a truly remarkable scientist. Working tirelessly on little more than a wooden bench with crude instruments he opened up many of the fundamental laws of electrical science. He also had the rare gift of true genius combined with the ability to describe his ideas clearly and to enthuse others. Fittingly the unit of capacitance is named after him as a tribute.

Michael Faraday facts

A summary of some of the chief facts about Michael Faraday: 

	Key Michael Faraday Facts

	Fact
	Details

	Birth date 
	22 September 1791 

	Birth place 
	Newington Butts - an area now covered by the Elephant and Castle in South London 

	Father 
	Blacksmith 

	Death 
	25 August 1867 

	Burial 
	Highgate Cemetery, London 

	First Job 
	Bookbinder 

	Education 
	Virtually self-taught initially 

	Major break 
	Became assistant to Sir Humphrey Davy 

	Greatest discovery 
	Electrical induction and the generator 

	Other discoveries 
	Benzene 


Michael Faraday quotes

There are many Michael Faraday quotes that have been captured and make interesting reading;

· Once when asked about the secret of his success, Faraday is quoted as replying: "The secret is comprised in three words- Work, Finish, Publish." 

· Nothing is too wonderful to be true if it be consistent with the laws of nature. 

· The world little knows how many of the thoughts and theories which have passed through the mind of a scientific investigator, have been crushed in silence and secrecy by his own severe criticism and adverse examination! 

There are of course very many more Michael Faraday quotes.

Reginald Aubrey Fessenden

- an overview of the life and work of RA Fessenden the Canadian inventor and radio pioneer.

The name of Reginald Aubrey Fessenden is not as widely known as it deserves. Also he is often quoted as being an American, a fact which Canadians hotly contest as Fessenden was born in Canada. In his life, R A Fessenden achieved a considerable amount, pushing back the frontiers of radio or wireless technology of the day. He held many firsts, and without his drive and insight, radio technology would have developed considerably more slowly than it did.

Fessenden's most notable achievements include the first audio radio transmission in 1900, the first two way transatlantic transmission in 1906 and the first broadcast of entertainment, also in 1906. Many of these were well ahead of their time, and showed his insight, not only into the technical aspects of radio, but also the commercial elements as well.

Fessenden's early years

Reginald Aubrey Fessenden was born on 6th October 1866 in the town on East Bolton, Quebec, Canada. He was the eldest of the four children of Elisha and Clementina Fesseden. His mother was a minister in the Church of England in Canada and as a result the family moved several times during RA Fesseden's childhood.

The young Reginald Fessenden was intelligent and was able to learn quickly. In 1877, at the age of 12, he entered Trinity College in Port Hope Ontario, and two years later he moved to Bishop's College (now Bishop's University) in Lennoxville, Quebec. However Fessenden left at the age of 18 having nearly completed his degree, but not gaining the final award.

As a result of leaving Bishop's College with no formal qualification, Fessenden found it more difficult to move forward. However he managed to secure a position at Whitney Institute in Bermuda as the sole teacher and principal. While he was in Bermuda he became friendly with Helen Trott to whom he later became engaged and in September 1890 they were married.

Work begins

Although Fessenden had been granted a mathematical scolarship at Bishop's College, much of his education had a classics orientation and this did not suit him for a career in the new and developing area of electrical sciences. To improve his chances of success, he moved to New York in 1886 with the hope that he might be able to secure some employment with Edison's company. His initial attempts were unsuccessful, but after pursuing opportunities with Edison he was hired as an assistant tester for the Edison Machine Works, a company laying underground electrical mains cables in New York.

Fessenden showed an aptitude and keenness for the work and was promoted so that in 1886 he started to work directly for Edison himself at the new "invention factory" as it was termed at West Orange , New Jersey. Here Fessenden was involved in a number of sciences and he soon gained a considerable degree of experience.

Unfortunately the Edison company faced severe financial problems in 1890 and had to lay off a large number of employees and Fessenden was included in this number.

As a result of his experience with Edison, Fessenden was able to find employment relatively easily. He worked for a number of companies, but in 1892 was appointed as professor at the newly formed Department of Electrical Engineering at Purdue University in Indiana. Later he moved from here to the Western University of Pennsylvania, which is now the University of Pittsburgh.

Work at the Weather Bureau

During the late 1890s Marconi started to hit the headlines with his experiments that were pushing back the frontiers of wireless transmission technology. Marconi was something of a showman and was able to capture the news headlines. Reginald Fessenden too, started to become interested in wireless technology and as a result he started his own experimentation in this field, initially looking at some of the equipment used.

The possibilities that early wireless technology appeared to offer fascinated Fessenden. In 1900 he left Pittsburgh to work for the United States Weather Bureau. Fessenden saw the possibility of using wireless transmissions to link a network of coastal stations together rather than using a wired telegraph link. For his work, Fessenden was based at Cobb Island on the Potomac River in Maryland 

Fessenden made several major advances, in particular in the area of receiver design as this was one of the major limitations of the time. He first developed a new form of detector known as the barretter detector, and this was followed by the electrolytic detector which remained in used for many years. 

Another major milestone, during this period was that Fessenden succeeded in making what is believed to be the first wireless transmission carrying audio sound. The experiment took place on 23rd December 1900 and the signal was received over a mile away. 

The equipment used by Fessenden was a spark transmitter with an interrupted to provide a continuous series of sparks. The output of the generator was modulated by placing a carbon microphone directly in the antenna lead. Although very crude by today's standards, the system nevertheless worked. It is reported that using the transmitter Fessenden spoke loudly into the microphone saying: "Hello test, one ,two, three, four. Is it snowing where you are Mr Thiessen? If it is telegraph back and let me know." His assistant immediately returned a telegraph message to indicate he had heard Fessenden and that it was also snowing, which was hardly surprising as he was only a mile away. The received signal was described as being perfectly understandable, except that it was accompanied by a loud disagreeable noise resulting from the irregularity of the spark.

Fessenden worked to improve the system over the following two years and more. By 1903 he had succeeded in obtaining reasonably satisfactory speech transmission by creating an almost continuous arc. However the system was still plagued by the very unpleasant sound of the arc itself.

Heterodyne principle

One of the other major advances made by Fessenden was the development of the heterodyne principle. He undertook experiments with this in 1901, but in view of the state of wireless technology, it was well ahead of its time and was not used for over ten years afterwards as it required the generation of stable continuous wave signals and these were not practicable until the thermionic valve or vacuum tube became available.

The network of wireless stations expanded and started to prove its worth. However during this time legal arguments started over the possession of the patents. As a result of this, Fessenden's time at the Weather Bureau came to an end in August 1902.

Fessenden at NESCO

The work that Reginald Fessenden had undertaken at the Weather Bureau had not gone un-noticed. Some saw the value of the work that he had undertaken and sought to enable him to carry it on. Hay Walker Jr, and Thomas Given financed the formation of a company named National Electric Signalling Company based in Massachusetts. Under the auspices of this company, Fessenden would be able to carry out research into several projects that would have a variety of applications.

As part of the development programme for long distance communications it was decided to set stations that would enable the first two way transatlantic contact to be established and a service to be introduced thereafter. Although Marconi had made the first transatlantic transmission in 1901, the transmission was only in one direction. Stations were set up at Brant Rock in the USA and another in Scotland at a location named Macrihanish. The result was that in January 1906 the first two way transatlantic communication was established. Unfortunately the full commercial service was not able to be introduced because the tower collapsed on 6th December 1906 when contractors were working on the steel guy ropes. The investment required to re-establish the station was felt to be too large and the service was abandoned.

Another major area of work was the development of a high frequency alternator. This would be able to provide a means of generating a continuous wave signal. Fessenden had first worked on the idea in 1900 and even when the first device was delivered in 1903 it would only operate up to a frequency of 10 kHz. A second alternator was ordered and eventually delivered in 1905, and the company that made it stated that it would not operate above 10 kHz. As a result Fessenden himself set about building an alternator that would operate at the frequencies he wanted. He used some parts of the one that was delivered to him and by late 1906 he had a machine that would operate at 75 kHz and developed an output power of 500 watts. This enabled him to transmit the continuous wave signals he needed.

Fessenden modulated his HF alternators in the same way he had his previous transmitters by placing a carbon microphone in the antenna lead. One night in November 1906 the station at Brant Rock was in communication with another at Plymouth, MA, USA. However this transmission was heard on the other side of the Atlantic in Macrihanish. Then on 24th December 1904 Fessenden and his assistants presented the first radio broadcast. The broadcast included a speech by Fessenden along with him playing Handel's Largo in the violin. The broadcast was heard by stations as far away as the West Indies, and it was repeated n New Year's eve.

After NESCO

After Fessenden left NESCO he did not work directly on radio again, but he did continue to work on other projects and inventions. He became particularly interested in Sonar and in methods of detecting icebergs. At the outbreak of World War 1 he volunteered his services to the Canadian Government worked in London England on methods of detecting artillery, as well as means to detect enemy submarines.

After the war he continued to investigate a wide variety of ideas, refining some of his work on sonar as well as investigating seismology for oil wells, and inventing a fathometer.

As a result of his work, Reginald Fessenden held over 250 patents, but despite this his name was never really given the recognition that it should have received. However he did receive the Scientific American Gold medal in 1929.

Last years

Fessenden managed to settle a lawsuit with RCA over patent rights and using the money he gained he bought a small estate on the island of Bermuda where he spent the rest of his days. He died there in 1932 and is interred in the cemetery of St Mark's Church.

Reginald Fessenden is certainly one of the unsung pioneers of wireless and radio technology. Although Marconi received much of the limelight with his work, Fessenden had a might greater insight into the workings of radio technology. He achieved many "firsts". He was the first to develop a method of generating a continuous wave signal and to use it. He was the first to transmit voice, and to make a sound broadcast. He developed and was the first to use the hererodyne principle that forms the basis of almost every radio today. He was the first to establish two-way communication across the Atlantic, and to send a voice signal across the Atlantic. In many ways, Reginald Fessenden made huge contributions to the technology of radio, and yet he is comparatively little known. Even when people do recognise his name, he is often thought of as an American, whereas in fact he came from Canada.

Johann Karl Freidrich Gauss

- a summary of the life of Johann Karl Freidrich Gauss, the man who investigated magnetism

Johann Karl Friedrich Gauss was born in 1777 in the small town of Braunschweig, Germany.

Gauss's name is associated with the unit of magnetic flux as a result of the work he carried out in his lifetime on magnetism.

However Johann Gauss was a brilliant mathematician and it is in this area that he made some of his most significant contributions, particularly in the areas of number theory, geometry, and calculus, as well as physics and astronomy.

Early years

As a young child his brilliance soon became obvious. During his time at his elementary, the teacher asked the class to sum the numbers from 1 to 100. Rather than simply working this out Gauss generated a general formula for summing series of numbers. This was an early indication of his aptitude and he went on to study mathematics at the University of Gottingen between 1795 and 1798. Here he obtained his doctorate with the subject of his thesis being the solution of a theorem that had until then nobody had been able to provide a definitive answer.

Seven years after he graduated in October 1805, Gauss married Johanna Ostoff, and this gave Gauss the first real happiness of his life, although around this time his benefactor the Duke of Brunswick was killed fighting the Prussian army.

Two years later in 1807, Gauss left Brunswick where he had been since his graduation and took up the post at position of director of the Gottingen observatory. Here he made many discoveries in a variety of disciplines including geometry, statistics including distributions, and the physics of fluids.

However after only a year here tragedy struck as his father died in 1807. The following year his beloved wife Johanna also died after giving birth to their second son. If this was not enough the son also died shortly afterwards.

Although Gauss was devastated by this loss he remarried a year later to Johanna's best fried. Gauss and Minna had three children, but it was said that he never seemed as happy as when he was with Johanna.

Later work

In 1828 Gauss met William Weber for the first time, and then in 1831 he supported his appointment as professor of Physics at Gottingen. The following year Gauss and Weber worked together, publishing papers that were devoted to physics and the forces of attraction that existed. This work then lead on to investigations about terrestrial magnetism, publishing several papers between 1832 and 1840. One of the papers showed that there could only be two poles within the globe, and then he proceeded to develop his theories to determine the horizontal component and the angle of inclination. He also mathematically determined the location of the South Pole.

Apart from their work together on magnetism Gauss and Weber achieved much together, building an elementary telegraph, and discovering some electrical laws on top of making many measurements of the Earth's magnetic field.

Final years

As Gauss became older the amount of work and research he undertook dropped, and it was very much of a practical nature. His last recorded work of a scientific nature was in connection with a Foucalt pendulum in the year before his death. His health slowly deteriorated and Gauss died quietly in his sleep on 23rd February 1855

Oliver Heaviside

- a summary of the life of Oliver W Heaviside, the self taught man who discovered much about improving telegraph cables and postulated the presence of the ionosphere.

The name of Oliver Heaviside may not be heard as much these days but he made many major contribution to radio and wireless technology in his day. In fact the ionospheric layers were often called the Heaviside layers in honour of the fact using mathematical methods he postulated the existence of an ionised layer above the Earth from which radio waves could be reflected or refracted back to ground. However he made many more valuable discoveries using his mathematical methods, explaining many of the problems that affected signal transmission in his day.

As a person Oliver Heaviside lacked many social skills. He was opinionated, and impatient with those less intelligent than himself. However his intelligence could not be questioned, and it was all the more remarkable as a result of the fact that he was largely self taught.

Early years

Oliver Heaviside was born on 18th May 1850 in Camden Town which is now in London. At the time it was a notoriously crime ridden area, Physically Oliver Heaviside as short and he was also a red-head. Life was not easy in Camden Town and the young Oliver had a difficult time. This was made worse by the fact that he suffered from scarlet fever and this left him partially deaf - an impairment that had a major impact on his life.

Heaviside was intelligent. He did not attend a neighbouring school, but rather attended a school for girls run by his mother. Although this protected him from the influence of the local boys it did not develop his social skills and coupled with his hearing impairment he was unable to make friends easily. Despite being a good student, Oliver Heaviside decided to leave school at the age of sixteen.

After leaving school Oliver Heaviside did not stop his studies. He was fortunate to have a learned uncle, Sir Charles Wheatstone - the inventor of an early telegraph and the man who gave his name to the Wheatstone Bridge. Under Wheatstone, the young Heaviside studied German and Danish as well as learning some things about mathematics, electricity and the telegraph.

First job

With his understanding of telegraphy and Danish, Heaviside managed to secure a job as a telegraph operator in Denmark. Here not only did he devote himself to his job as a telegraph operator, but he also undertook some investigations of his own. He noticed that the speed at which traffic could be sent varied according to the direction. This had been thought by many to result from some unknown properties of the undersea cable. However Heaviside looked at the problem from a different perspective and he deduced mathematically that the difference must have resulted from a different resistance at either end of the cable. In simple terms one end had a lower resistance and was able to put more current into the capacitance of the cable, and as a result data could be sent more swiftly.

Heaviside left Denmark, moving to the Great Northern Telegraph Company, and here he started an analysis of electricity. Then in 1874 he left the company to continue his researches on his own at his parent's house where he could focus better on the topic in hand. Although effectively a self-taught mathematician with a good understanding of calculus Oliver Heaviside studied Maxwell's Treatise on Electricity and Magnetism which he found particularly interesting.

Heaviside makes discoveries

Using mathematics, Heaviside applied Maxwell's theories to telegraph lines, and in particular to ones which travelled long distances such as underwater cables where the speed and shape of the signals were impaired by the effects of the inductance in the cable. Contrary to the belief of many, Heaviside correctly showed that the level of distortion could be reduced by adding induction coils to 'load' the cable.

In this way Heaviside managed to solve one of the greatest problems affecting telegraph systems of the time. In addition to this the same solution was applied to early telephone systems which were unable to send voice signals over any distance because the low and high frequencies traveled at different speeds rendering the audio garbled over any distance. By adding small inductors along the length of the cable, the problem could be solved.

Heaviside gained little recognition for his work. In the first instance his papers were very difficult to read. Secondly, his manner was very difficult, and he was often sharp and his comments lacked any form of tact or diplomacy. As a result he created many enemies in the scientific community and as a result his work was often suppressed or ridiculed. It took 20 years and a rediscovery of the inductance idea by Silvanus Thompson. Only at this point were long distance telephone calls able to become a reality.

Latter years

As he grew older Heaviside continued working on electromagnetic theory and its applications. One of his major legacies of this time was that he developed the concept of "operators" in the calculus equations and this reduced complication of the mathematics. It actually results in a technique known as the "Laplace Transform."

Also during his latter years, Heaviside introduced the concept of reactance. He further postulated the concept of an ionised layer above the Earth that reflected or refracted radio signals. Although this is now known as the ionosphere, the regions in the ionosphere were for many years known as the Heaviside layers or the Heaviside-Kennelly Layers. Kennelly also proposed the idea of the layers.

As on old man, Oliver Heaviside spent his final years comfortably, although his mental powers diminished. "I have become as stupid as an owl," he once bluntly stated. Heaviside died at the age of 74 on 3rd February 1925.

Heinrich Hertz

- the life of Heinrich Hertz, the man who is credited with first knowingly demonstrating radio electromagnetic waves or Hertzian waves and radio communication.

It is many years now since the name Hertz was adopted as the unit of frequency.

It is fitting that this was done for a brilliant man as Heinrich Hertz, who gave so much to furthering science but died so young.

It was Heinrich Hertz who laid many of the foundations of our modern radio technology and enabled it to be what it is today.

Hertz's youth

Heinrich Rudolf Hertz was born on the 22nd February 1859 in Hamburg. His father was a successful lawyer and he also had three brothers and a sister.

The young Hertz started school at the age of six and made steady but not outstanding progress. However later in his school life an aptitude for practical subjects became apparent as did his liking for languages. At the age of 18 he moved to Frankfurt where he studied for the state examinations. A major part of these studies included science and mathematics which he soon found he liked.

After Frankfurt Hertz spent a year in Berlin for his military service. Then he moved on to Munich and entered University to study science. This he greatly enjoyed, but in order to further his studies he transferred to Berlin. Here he met the famous Herman von Helmholtz who was to have a great influence on him.

Hertz at university

After Hertz arrived in Berlin it did not take him long to get himself noticed. He did this by winning a competition which had been set by Helmholtz. He did this by showing that electricity had no inertia.

During his time in Berlin, Hertz built up a good relationship with Helmholtz who recognised him to be a very good student. The result of this was that after he graduated with a Ph.D. magna cum laude, Hertz became an assistant to Helmholtz. During this time Hertz laid the foundations for his career very well. He published a number of papers on a variety of subjects and became well known and respected amongst the scientific community.

Research starts for Hertz

Despite the fact that Hertz was enjoying his time in Berlin, he felt he wanted more independence and this would require him to move. This he did when he moved to Kiel University. Unfortunately there were very poor facilities here and so Hertz had to content himself with a theoretical approach to his research. He looked into Maxwell's famous equations, and saw how he could extend the scope of their application. In doing this he prepared much of the way for his future discoveries.

Again Hertz felt he had to move on. This he did in 1885 when he moved to Karlsruhe Polytechnic to take up the post of professor of physics. However Hertz soon found that there were other attractions to Karlsruhe as he met his future wife. The couple were very happy together and they were soon married. Later Hertz was to have two daughters from the marriage.

At Karlsruhe, Hertz soon set about his research. He based his work on his previous studies of Maxwell's equations. However he was now able to perform practical experiments to prove his work. This was particularly important because many people had concurred with Maxwell's equations and had agreed about the presence of electromagnetic waves but nobody had been able to prove they existed experimentally.

Hertz performed many experiments, but the one which is most often described today is the one in which he placed two loops of wire within a few metres of one another. Each loop had a small spark gap and he showed that a spark across the gap in the first caused a spark to jump across the gap in the second. He also showed that for the experiment to work the two loops had to have the same dimensions.

Hertz did not stop here. He went on to investigate the properties of these waves. He deduced the their velocity and found that it was almost exactly the same as that of light waves. He performed other experiments and showed that they could be reflected and refracted in the same way as light. From these results he concluded that beyond any reasonable doubt they were the electromagnetic waves that Maxwell had discovered mathematically.

Fame for Hertz

With the publication of the results of his experiments and the many demonstrations he made, Hertz soon became famous. He was offered the position of professor of physics at the University of Bonn which he took up in 1889. Here he continued his research, but this time he started to investigate the discharge of electricity in rarefied gasses. He continued to publish papers on his work and reinforced his reputation as one of the foremost researchers of his time.

In addition to this he received a number of honours from the various scientific bodies. One of these was from the Royal Society in London.

Tragedy

However whilst Hertz was still at his prime he started to suffer from ill health. He frequently had headaches and was often depressed. However despite the fact that his doctors could not diagnose the problem he still continued to work.

Slowly Hertz's health began to decline further and at the end of 1893 he completed his last book. Then on 1st January 1894 at the age of only 36 he died. This was without doubt one of the greatest losses the scientific world had ever known.

Hertz had given so much to forward the scientific knowledge of the day. In fact radio waves were called Hertzian waves for many years afterwards, but as they came into more common use the term slowly slipped away. Fortunately his name has not been lost because in the late 1960s his name was given to the unit of frequency. A fitting but late honour to one who gave so much to the discovery and establishment of radio.

The fruits of the research which Hertz had performed were soon to be felt by the world as a whole. People like Marconi were quick to see the value of Hertzian or radio waves. They refined the experiments which Hertz had performed and made systems which could be given practical uses. In fact it was only ten years after the death of Hertz that Marconi set up the first link between England and America for the swift transmission of news. After this the whole idea of radio snowballed and it became part of modern life. One thing is certain. If it had not been for the insight of Hertz our radio technology would not be where it is today.

Hedy Lamarr

A summary of the life and times of Hedy Lamarr, the famous Hollywood actress and beauty and inventor of the frequency hopping system of spread spectrum radio transmission

Hedy Lamarr was once known as the world's most beautiful woman. Yet apart from being a Hollywood icon, Hedy Lamarr had a varied and interesting life and was an accomplished scientific inventor. With a co-inventor George Antheil she invented a radio system for preventing jamming using a system known as frequency hopping. This is in widespread use today. In her film career Hedy Lamarr caused a worldwide scandal when she appeared nude on screen in a film and she went on to become one of Hollywood's biggest stars in the 1940s. In her private life it is said that she escaped from her jealous first husband by drugging a guard and in total she married six times. Yet despite all her claims to fame Hedy Lamarr died in modest surroundings in Florida in the USA having made not a penny from her scientific invention.

Early days

Hedy Lamarr was born Hedwig Eva Marie Kiesler on 9th November 1913 in Vienna, Austria. She was the daughter of a wealthy Jewish banker and his wife. Her upbringing was very stable but from an early age she dreamt of becoming an actress. By the time she had become a teenager Hedy Lamarr had decided to drop out of school to follow her desire, seeking her fame as an actress.

The first role that Hedy Lamarr took was a bit part in a German film the title of which translates as "Money on the Street" which was released in 1930. She then appeared in two more films in 1931.

Hedy Lamarr was particularly attractive and it was her fifth film that was released in 1932 that took her into the limelight. The film entitled "Extase" (Ecstacy) had long scenes in which Hedy Lamarr appeared nude. The scenes created a world wide sensation, and caused the film to be banned in the USA, although a considerably edited version was released some years later. It was particularly noticed at the Vienna Film Festival, and it was said to be a particular favourite with the men there! It was also banned in Nazi Germany by Adolf Hitler because Lamarr was Jewish.

Marriage

Hedy Lamarr married Fritz Mandl, a munitions manufacturer and a Nazi sympathizer. He was a very jealous husband and tried to buy back all the copies of the film that he could. It was said that even Benito Mussolini had a copy that he refused to sell.

The marriage to Mandl did not last long and was in fact a disaster. Hedy Lamarr was unable to tolerate Mandl's jealousy and she escaped one evening by drugging a guard so that she could leave unnoticed. How much of the method of escape has been elaborated is unclear, but their marriage ended in 1937.

Months later Hedy Lamarr was spotted by the MGM mogul Louis B Mayer. He signed her as a result of her notoriety, but insisted that she change her name and make less sensational films. Lamarr made a number of films under Mayer. Her first was in 1938 as Gaby in the film Algiers. This was followed a year later in 1939 with a role in Lady of the Tropics. Then in 1942 she landed a starring role in White cargo. Unfortunately she turned down leading roles in both Gaslight and Casablanca.

During the 1950s her career began to decline and MGM did not renew her contract. This resulted for many reasons. It was partly as a result of her reputation for being very difficult on set, and as a result of Hollywood's indifference to ageing beauty she made fewer films. However she did appear in a few other roles, the last being in The Female Animal in 1958.

Lamarr the inventor

Despite no formal scientific training, Hedy Lamarr had an exceptional scientific mind, and with her co-inventor George Antheil, they developed a system for radio communication today that is at the core of many communications systems, including the GSM cell phone system that is in use by over 1.2 billion subscribers worldwide.

Hedy Lamarr and George Antheil first met in 1940 when they both lived in Hollywood. Antheil was an accomplished musician and concert pianist. Being neighbours they often talked and Lamarr mentioned that she had an idea that she was thinking of contributing to the newly established National Inventors Council in Washington.

The basic idea that Hedy Lamarr had in her mind was for a form of radio control mechanism for torpedoes. Although this idea was not new, the idea of preventing jamming by using a frequency hopping mechanism was. The drawback was that a reliable method had to be sought for ensuring that both the transmitter and receiver were synchronised so that the transmitted signal could be received at the remote end. Antheil's contribution was in proposing a method by which this could be achieved. The concept was to use paper rolls similar to the piano player rolls that were used for pianolas.

The two worked on the idea for several months before sending a description of the concept to the National Inventions Council. According to Antheil, the director of the council suggested that he and Hedy Lamarr should develop the idea to a point where it could be patented. Enlisting the help of an electrical engineer continued their development to a point where it was operational. As in Antheil's original suggestion it used slotted paper rolls to provide synchronization of the frequency changes at the transmitter and receiver. Reflecting Antheil's musical background there were eighty-eight frequencies, the number of keys on a piano.

The two applied for the patent. Patent number 2,292,387 was granted on 11th August 1941 under her married name Hedy Kiesler Markey, along with co-inventor George Antheil, as a "Secret Communication System". The name Markey was that of the second of six of Hedy Lamarr's husbands.

The patent also specified that a high-altitude observation plane could be used to steer a torpedo. This invention was the first instance of spread-spectrum communications based on frequency-hopping techniques.

Applying the idea

Gaining the patent was the easiest step of the development. It proved to be far harder to win support for its use, despite the requirements of the war. Antheil lobbied for support with the Navy, but the Navy did not want to place precious resource in developing it. They thought that the mechanism would be too bulky to accommodate within a torpedo. Meanwhile Hedy Lamarr demonstrated her loyalty to the USA by raising seven million dollars selling war bonds.

Having exhausted all the avenues they could pursue to get their idea implemented, there was no more they could do and the idea was left dormant. However in 1957, engineers at Sylvania reused the basic idea, but rather than employing paper rolls to provide the synchronization, they used electronic circuitry. It was first put to real use in the blockade of Cuba in 1962, about three years after the patent had expired. Although this meant that Hedy Lamarr and George Antheil did not receive any money for their idea, subsequent patents have usually referred to the Lamarr-Antheil patent as the basis of their work. In this way they at least have some recognition for their ground breaking work. Now the concept is used as the basis of many military communications schemes where the hopping is used to prevent jamming. It is also used in cellular systems including GSM to reduce the effects of interference and in some wireless systems for the same reason.

Lamarr's final years

During her life Hedy Lamarr married a total of six times and she had three children Anthony (b. 1947), Denise (b. 1945), and James (b. 1939). She also sued Mel Brooks for mocking her name in his film Blazing Saddles (1974). They settled out of court. She further sued the Corel Corporation in 1998 for using her photo on the cover of software product CorelDRAW.

Hedy Lamarr died in January 2000 aged 86 in a modest home in Florida. During her life she was quoted as saying "Any girl can be glamorous. All you have to do is stand still and look stupid." While she was certainly glamorous, as proven by her invention, she was most certainly not stupid.

Sir Oliver Lodge

- a summary of the life of Sir Oliver Lodge, the radio pioneer with little formal training, but a large impact on radio communications technology (including the coherer) as well as other areas of physics and psychic phenomena.

Although the name of Sir Oliver Lodge is not known in many circles, he was nevertheless a very important pioneer in the development of the new technology of wireless or radio transmission. Oliver Lodge is credited with a number of inventions without which the development of the newly discovered technology of radio communications would have been much slower.

In his life, Oliver Lodge succeeded in many areas and he achieved world fame for his pioneering work in radio communications and was one of the first to transmit a message by wireless. He also performed many other investigations into Wireless technology and coined the name "coherer" for this early form of radio signal detector. In another area of is researches he invented electric spark ignition, and he also undertook a considerable amount of research into psychic phenomena.

Early years

Oliver Lodge was born at Penkhull near Stoke-on-Trent on 12th June 1851. His parents named Oliver Lodge (1826-1884) and Grace (1826-1879) were from middle class backgrounds. His father had started his career as a medical student, but eventually became a commercial representative for a clay pottery company. 

The young Oliver Lodge was sent to a boarding school to start his education, but he left school in 1865 at the age of 14. He first assisted his father in running a business selling clays and glazes to potteries. Despite much of his time being taken up assisting his father, the young Oliver Lodge had a keen interest in science and even conducted experiments in his bedroom after his parents moved to a new house in Wolstanton.

The real move into a scientific career started when he moved to London and lodged with an aunt. From here, he was able to attend lectures on a variety of scientific subjects at London University. These lectures really captured the imagination of Lodge, who became very absorbed in them.

When his time in London came to an end, Lodge returned home, but was able to study at the Wedgwood Institute, Burslem, and then a few other places before he returned to study again in London, when he obtained first his bachelor's degree in 1875 and then his Doctor of Science in 1877. Following this he wrote his first book that was entitled: Elementary Mechanics. While he was studying for these degrees he had to support himself and he did this by working as a laboratory assistant and he also did some teaching.

Last years

Sir Oliver Lodge had a lifetime belief in psychic matters and before he died he said that he would prove the existence of an afterlife by making public appearances to the living after his death. Sadly Lodge died on 22nd of August 1940, but since then no such appearances of him or communications from him have been received. Lodge is buried at St. Michael's Church, Wilsford (Lake), Wiltshire. 

Sir Oliver Lodge will be chiefly remembered for his researches into radio communications. Possibly his major achievement was the improvements he made to the coherer that enabled the radio communications of the time to be improved considerably. He is also remembered as an important scientist, possibly one of the great pioneers in radio communications.

Nikola Tesla History

- a summary with facts about the history and life of Nikola Tesla with Tesla's inventions and some quotes from Tesla.

Nikola Tesla was one of the greatest scientists in history. He was well ahead of others of his day.

Much of the importance of his work has not been realised until recent years and as a result he is not accorded the full credit he is due.

In his life he was something of an eccentric and he was a loner, having very few friends. When he died he was on his own, his body being discovered possibly a day or more after his death. Yet in his life his scientific achievements were truly impressive. He invented an enormous variety of electrical items from the induction motor, to the fluorescent light. He was well ahead of his time in the newly developing field of wireless, beating Marconi in many areas, and he also successfully demonstrated applications of wireless including remote control.

Tesla's birth

Nikola Tesla was born at exactly midnight between the 9th and 10th of July 1856. He was the son of the Reverend Milutin Tesla, a priest in the Serbian Orthodox Church and his wife Duka Mandic. Their home was a small house that stood next to the church in the small village of Smiljan situated between the Velebit Mountains and the eastern shores of the Adriatic Sea. Although they lived in Croatia the Teslas were of Serbian extraction and they held to their traditions very strongly. They enjoyed singing their folk songs as well as dancing, writing poetry, weaving and celebrating the saints' days, of which there were plenty.

The were five children in the family. The eldest was Daniel who was a brilliant child, and Nikola was the fourth. The remaining three children were girls. It was tradition in the Tesla family that boys either joined the army of went into the ministry, and the daughters married either army officers or ministers of the church. However neither the army nor the ministry were to be for Nikola.

Form a very early age Tesla took a keen interest in all around him and made inventions of his own. Some were more successful than others. At the age of five he made a small waterwheel that spun smoothly in the current even though it was of a completely different design to any he had seen locally. However not all his early designs were so successful. He designed a motor that was powered by sixteen insects that were glued to the wheel. The idea was that when the flapped their wings they would turn the wheel.

When Tesla was about five years old his elder brother was killed in an accident and this had a major impact on Tesla. A few years after the accident he started to develop some strange phobias. For example he could not tolerate earrings on women particularly if they were pearls. He also could not tolerate the smell of camphor, and he always had to be able to calculate the cubic capacity of soup, or any drinks he had, otherwise he would not enjoy his meal.

The young Tesla started school in Gospic, the town to which his parents had now moved. Here he became fascinated in the way machines worked. Later he continued his studies at the high school in Karlsadt in Croatia. As a result of his brother's death, Tesla was determined to excel, partially to make up to his parents for the loss of his brother. As a result he became very studious, often working late into the night.

From his birth Tesla's parents had intended for him to enter the ministry. However he was very keen to study engineering and in 1875 he managed to enter the Polytechnic of Gratz in what is the Czech Republic today, supported by a military bursary. Unfortunately for Tesla boundary changes meant that he was unable to obtain the bursary for his second year, and he had to leave. Nevertheless in Gratz he had seen some DC motors and understood many of the basic electrical principles, although no satisfactory AC motor existed. He had to find a job which he found very difficult at first, and initially he turned to gambling. Eventually he managed to secure a position with an Edison Company based in Budapest, moving later to one based in Paris. It was whilst he was in these jobs that he produced his first AC induction motor.

USA

Tesla had been very successful and had been promised some rewards for his performance. However when these did not materialise he walked out. With the expansion in the USA, he had been advised to go there. Accordingly he set sail for the USA arriving there in 1884 at the age of 24 with four cents in his pocket along with a few poems and some calculations on some sheets of paper and no job.

Fortunately Tesla quickly managed to get a job, working for Edison himself. He soon won Edison's approval working very hard, often from 10.30 am through to 5 am the following morning. Indeed his level of work won him the comment from Edison, "I have many hardworking assistants but you take the cake."

Unfortunately the relationship between the two men deteriorated. They were both very different, Edison having a "try it and see" attitude, whereas Tesla designed everything to great detail in his mind before building it. Also Edison favoured direct current as he had a heavy investment in this technology, whilst Tesla saw the distinct advantages of AC. Accordingly it was not long before Edison and Tesla parted company.

After this, Tesla was approached by financial backers to set up an electrical company, where he developed a safe arc light. But he was soon eased out of his company. With little money to live on, the ensuing period was very difficult. Work was scarce as a result of a financial downturn and he had to spend time as a labourer on the New York streets. Nevertheless he continued to work on his own and was granted seven patents.

Eventually his luck turned and he was again able to set up another company in 1887. This time he was able to investigate and develop his ideas for alternating current motors and polyphase systems. Within six months of founding the company Tesla had lodged two patents for ideas relating to his induction motor. News of this spread and he was invited to speak at the American Institute of Electrical Engineers and George Westinghouse, owner of a growing electrical company, came to hear of him. Unlike Edison, Tesla could work with Westinghouse, and even accepted a position as consultant to him.

Westinghouse went into direct competition with Edison, and a fierce battle between the two ensued, Edison stating that AC was lethal, whilst Westinghouse demonstrating it was no more dangerous than DC. The battle went on for some time, costing Westinghouse a great deal. During this period he bought Tesla's patents to enable him to succeed. Years later in 1938 in a speech at the Institute of Immigrant Welfare, Tesla stated that Westinghouse was the only man who could have taken his alternating current system against all the prejudice and vested interests and win the battle. Westinghouse, he said was "one of the world's true noblemen."

Despite the fact that Tesla worked closely with Westinghouse, he still retained his own laboratory, and was very happy when he was working there. He continued to make new discoveries, one of which was a lamp that fluoresced, and was actually a forerunner of today's fluorescent tubes. These hit the market some fifty years after Tesla's prototypes! He also investigated many other phenomena including X-rays and a vacuum tube or valve very similar to the Audion or triode valve pioneered by de Forest in 1907.

Tesla and radio

Not only was Tesla heavily involved in the development of electrical machinery and lighting, but he also made some significant discoveries in the newly developing world associated with Hertzian waves. Having studied the work of Hertz and actually visiting him, Tesla undertook many researches and in 1897 he filed a patent for transmitting electrical energy in the upper atmosphere. To achieve this "terminals" held high in the sky (possibly using balloons) would be required. He also noted that transmission of telegraphy would require a much smaller signal to operate a sensitive receiver. Indeed he had previously proved that long distance communications were possible by receiving signals over a distance of 25 miles. It was even said that when it was optimised then the distances that the signals could "go to any extent."

Tesla again made headlines when in 1898 he put on a public demonstration of a radio controlled boat in Madison Square Garden. The boat could be given a variety of commands so that the steering, and propulsion could be controlled. In view of the state of the technology used by other researchers, this was yet another example that showed Tesla was well ahead of his time.

Colorado Springs

In 1899 Tesla left New York to set up a new research laboratory just outside Colorado Springs. Being around 6000 feet above sea level and in the Rocky Mountains he planned to use the site for some high voltage high frequency alternating current tests. Here he regularly made tests of large electrical discharges. During one of his larger tests he managed to produce a spark over 135 feet long, and the noise from it was heard over 20 miles away. However of more importance to the local community was the fact that in undertaking the experiment he burnt out the generator in the local power station and left the city without power for some time.

After a year of research, he believed that he had learned all he needed to know to enable him to transmit signals or electrical power to anywhere on earth. He commenced building a prototype world broadcasting station on a 200-acre plot on Long Island. He named this Wardenclyffe and the tower was to have been around 185 feet high. Unfortunately lack of funds prevented its completion and the project was never finished. The tower itself was dismantled in 1917. By this time Tesla was experiencing considerable financial difficulties. He was forced to confess in court that he was penniless and had lived for years on credit at the Waldorf-Astoria Hotel and was swamped with debts.

Yet amidst this personal crisis he was still able to look into many other inventions. Some of these he used to help bring himself out of his financial problems such as licensing his system for an automobile speedometer. One idea that that occupied his research efforts was to use the reflections of radio waves to detect the enemy submarines that were sinking shipping at this time in the First World War. Later he also investigated the possibility of releasing a new form of energy from atoms, although when pressed to reveal more about the idea he declined. He also had ideas for vertical take-off aircraft.

Final days

In the following years, Tesla continued to make many new discoveries. He was involved at the leading edge of technology in many areas. However by the 1940s he was quite ill from a weak heart that gave him regular dizzy attacks. He was living in the Hotel New Yorker where on the evening of 5 January 1943, he went to bed, giving orders that he was not to be disturbed. This was not an unusual request because he often told staff to leave him undisturbed for two or three days at a time. However this was to be the last time he would be seen alive. Tesla died of heart failure some time between the evening of Tuesday, 5 January and the morning of Friday, 8 January. He was found by a maid on the Friday morning.

Finale

During his life Tesla allowed himself few close friends, one of which was the writer Mark Twain. He was also impractical in financial matters and quite an eccentric, driven by compulsions and a germ phobia. Yet he certainly rates amongst the top geniuses of all time. In fact it has been said of Tesla that he invented everything. An exaggeration, but during his life he made a truly enormous number of discoveries and had over 700 patents to his name.

However there were some of these discoveries that were more important to him. Tesla summed up his own life bay saying: "I continually experience an inexpressible satisfaction from the knowledge that my polyphase system is used throughout the world to lighten the burdens of mankind and increase comfort and happiness, and that my wireless system, in all its essential features, is employed to render a service to and bring pleasure to people in all parts of the world."

Nicola Tesla facts

A summary of some of the chief facts about Nicola Tesla: 

	Key Nicola Tesla Facts

	Fact
	Details

	Birth date 
	The stroke of midnight between the 9 & 10 July 1856 

	Birth place 
	Smiljan, Croatia 

	Father 
	Reverend Milutin Tesla, a priest in the Serbian Orthodox Church 

	Death 
	Between 5 & 8 January 1943 

	Higher Education 
	Polytechnic of Gratz 

	Employment 
	Edison was first employer 

	Major discoveries 
	Induction motor, fluorescent light, aspects of wireless including remote control 


Nicola Tesla quotes

There are many Nicola Tesla quotes that have been captured and make interesting reading;

· We build but to tear down. Most of our work and resource is squandered. Our onward march is marked by devastation. Everywhere there is an appalling loss of time, effort and life. A cheerless view, but true. 

· The opinion of the world does not affect me. I have placed as the real values in my life what follows when I am dead. 

· I predict that very shortly the old-fashioned incandescent lamp, having a filament heated to brightness by the passage of electric current through it, will entirely disappear. 

· The desire that guides me in all I do is the desire to harness the forces of nature to the service of mankind. 

There are of course very many more Nicola Tesla quotes.

Thomas Alva Edison and the invention factory

- a summary of the life and times of Thomas Alva Edison, the man, his inventions, and his invention factory.

It has been said that Thomas Edison is more responsible than anyone else for creating the modern world as we know it today. With inventions such as the phonograph, the electric light bulb, and 1093 patents to his name this is possible quite true. But surprisingly for such a great genius he was slow to learn as a child, not even talking until he was four years old. During his life it was said he was a "fiend for work" and although he had a rather course nature he met many of the leading figures of his day.

Edison - early years

Thomas Alva Edison was born on 11th February 1847 to middle class parents, Samuel and Nancy Edison in the busy port of Milan Ohio, one of the largest wheat shipping ports of the world. He was the youngest of seven children, four of whom survived to adulthood.

When the young Edison was seven years old his parents moved to Port Huron in Michigan where his father took employment in the lumber business.

In his early years, Thomas Edison's health was poor, and this may have affected his studies at school. His schoolmaster claimed that Edison was retarded and as a result his mother taught him herself. This was the making of him. He later said his mother was "so true and sure of me", and as a result he had someone to work for and not disappoint. Even at an early age he showed a keen interest in experimenting with chemicals and with mechanics.

First jobs

In 1859 Thomas Alva Edison took up his first job selling newspapers on board the new railroad from Port Huron to Detroit. In the baggage car where he spent his stopover time, he set up a small laboratory for his chemistry experiments. He later described this as the happiest time of his life.

Around this time Edison lost most of his hearing. The reason for this is not very clear and although it enabled him to concentrate better, it also made him a more solitary and distant person.

Thomas Edison managed to train as a telegraph operator, and between 1863 and 1868 he became what was termed a tramp telegrapher. He filled in many casual posts around the Midwestern and Southern cities, some even behind the lines in the Civil War. Again he spent much of his spare time reading scientific journals and carrying out experiments. He even read works by scientists such as Faraday.

In the autumn of 1868, Edison gave up his job to become a freelance inventor. His first patent was for an electrical vote recorder, but unfortunately nobody wanted it. This provided a hard lesson he never forgot.

Fortunately his fortunes changed when he was called in to repair a telegraphic indicator in the Gold Exchange on Wall Street. He did this so well that he was given a job as its supervisor. In this capacity he remodelled the machine and made several developments to other Morse telegraph units. For this he was awarded the princely sum of $40 000.

He was given a retainer by Western Union to work for them, fixing machines and improving them. His hard work and mechanical genius became legendary throughout the organisation. In 1874 one of his inventions was a quadruplex telegraph system that enabled two messages to be sent in each direction at any one time.

Edison's personal life

This period brought many changes to Edison's personal circumstances as well as to his employment and business life. In 1871 his mother died. This was a source of much sadness for him as he had become very close to her during his childhood.

Later that same year Thomas Edison married. The marriage took place on Christmas day to a gentle lady named Mary Stillwell. The marriage was not always easy because of his long working hours and his rather withdrawn nature. Also Mary was often sickly and usually remained at home. Nevertheless the couple had three children, Marion, Thomas Jr. and William. He nicknamed Marion and Thomas "Dot" and "Dash" after the two Morse code symbols. Unfortunately his wife died in 1884, possibly from a brain tumour.

Edison and Menlo Park

It was in 1876 that Thomas Edison opened his Menlo Park laboratory in New Jersey that was later termed the "invention factory". This time was one in which Edison's productivity was at its greatest. He said that he would create a minor invention every ten days and "big trick" every six months." In fact he had over 40 projects under way at any one time and he was applying for around 400 patents every year. Indeed it was said that he made a "business of invention." To achieve this he had a team of specialists underneath him. Organising this was no mean feat especially for a man only in his 20s.

Apart from his other work Edison devoted a significant amount of time to his investigations on telephones, inventing the carbon granule microphone. This produced a much higher output than the previous microphones and enabled signals to be heard over greater distances.

Using his telephone experience, Edison wondered whether the vibrations could be placed onto a medium and later played back. In 1877, he devised a machine that recorded the vibrations onto a tin-foil coated cylinder using a diaphragm and needle. He found that the machine indeed recorded the sounds onto the cylinder and they could later be played back. Whilst he made some efforts to exploit the idea he did not take them very far and the idea was set aside.

Lights on for Edison

Electric lighting was the latest sensation of the time. From around 1878 this area of invention dominated his work. Not only did he focus on the development of viable incandescent lamps, but also upon devising a complete system that could be installed for industrial and domestic use. One of the first hurdles to overcome was the development of a satisfactory bulb. Existing bulbs proved to be very unreliable having only a short filament life. The glass bulbs also became blackened after some use. It was in trying to reduce this blackening that Edison introduced a second filament into the evacuated bulb and discovered that electricity would only flow in one direction between the two electrodes. Uncharacteristically Thomas Edison could not devise a use for the new discovery he called the Edison effect. This was left to Ambrose Fleming who some years later invented his "oscillation valve" to rectify and detect radio signals.

Nevertheless Edison's work was phenomenally successful. In 1882 he switched on the first lighting system covering the Pearl Street financial district in Lower Manhattan. Initially there were only four hundred lights in the system but only a year later there were over 500 customers using over ten thousand lamps. Lighting systems were required world-wide. A system was installed in the Crystal Palace in London in 1882, and another was required for the coronation of the Czar of Russia that year. This level or worldwide demand meant that Edison set up several European companies to manufacture his systems.

However not all went Edison's way. Edison had focussed on using a direct current system. This had a number of disadvantages, primarily in its distribution, although DC generators were more efficient than AC ones, and at the time no practicable AC motor existed meaning that AC could not be used in a number of applications.

However Nikola Tesla who had spent some time working for Edison had devised the AC induction motor. After leaving Edison's employment, he sold his ideas for AC systems to Westinghouse and a battle for supremacy ensued. Westinghouse lead the AC camp, detailing the many advantages and efficiency improvements of AC. Edison strongly supported his own large investment in DC by raising fears about the safety of AC. This was a particularly compelling argument because AC was used for electrocutions with the electric chair.

Eventually the AC camp came out on top and this resulted in a number of mergers in the industry. The Edison General Electric Company merged with Thomas-Houston in 1892 to become the General Electric Company, and this meant that Edison was effectively removed from further electrical work.

Remarriage

During this time, Edison remarried, this time to a lady named Mina Miller. Although of more genteel upbringing, she had a firm character and set about making the tobacco chewing inventor more presentable. The marriage took place on 24th February 1886, and shortly after the wedding the couple moved to a large mansion named Glenmont in West Orange New Jersey. The couple had three children, Madeleine, Charles, and Theodore. Mina was an active lady who spent much of her time with community groups and looking after her husband.

The Edison phonograph

For many years Thomas Edison has focussed upon his electrical work to the neglect of other areas including his idea for a phonograph. During this time others had taken his idea and improved it and with more time for other idea he started work on his phonograph again in 1887. Initially it had been thought that the machine could be used as a dictation machine, but this had not been successful. Edison thought that it could be used for home entertainment. He made improvements to the cylinder experimenting with the material, changing them initially from soft wax to a much harder black wax and finally to a celluloid material known as blue amberol. He also investigated ways of making multiple cylinders of a given recording because they were originally recorded one at a time, making them very expensive.

Later life

In 1887, Edison moved his research laboratories from Menlo Park to West Orange New Jersey. Here he built the Edison Laboratory which was much larger than his previous one. Even though he laboratory itself was large, the surrounding factories producing his inventions such as the phonographs and their discs, motion picture cameras and more employed around 5000 people.

Although many of Thomas Edison's ideas were very successful, others were not so. He developed a process to mill and extract minerals from ore. This idea proved to be very costly drawing drew significantly on his funds. Its failure was part of the reason that he had to give up control of the Edison Electric Company when it merged with Thomas-Houston. In fact when he decided to write off the losses from this venture it was found to amount to about $4 000 000. Very philosophically he said: "It's all gone, but we had a hell of a good time spending it!"

In another venture in 1899 Edison became involved in the production of cement. He formed the Edison Portland Cement Company and used it to promote the use of cement in low cost homes as well as for furniture, in refrigerators, and a number of other items including phonographs. Unfortunately Edison's ideas were a little too avant-garde for the time and they did not catch on.

Beyond this Edison's later life was just as busy as his earlier years, but resulted in fewer major discoveries. Nevertheless patents still continued to be granted for the work that was undertaken. These included a number for motion picture systems, although he did not invent the motion picture system itself. However he did produce the first co-ordinated sound and picture projectors.

The light dims

During the 1920s, Edison continued to work on his inventions but his health started to deteriorate. As a result he spent more time at home with his wife, although still continuing his experiments there. During 1929, the 50th anniversary of Edison's electric light, a Golden Jubilee dinner was held in honour of Thomas Alva Edison. It was attended by many notable people including Henry Ford who hosted it, President Hoover, John D Rockerfeller Jr, George Eastman, Marie Curie, and Orville Wright. However even by this time Edison's health was such that he was unable to stay for the entire evening.

Edison's health continued to decline and he lapsed into a coma on 14th October 1931. It is reported that shortly before his death on 18th October he came out of his coma and whispered to his wife at his side: "It is very beautiful over there ....."

Edison's death was literally the end of an era. Never before had the world seen so many inventions made by one man. As a mark of respect many electricity companies and organisations dimmed their lights or turned off their generators on the evening he was laid to rest.

James Clerk Maxwell
- a summary of the life of James Clerk Maxwell detailing is life and the discovery of Maxwell's Equations that define electromagnetic radiation in terms of field equations.

James Maxwell is arguably one of the most important scientists of the nineteenth century. Many scientists rank him alongside names such as Albert Einstein and Sir Isaac Newton. This is because his revolutionary work in defining electromagnetic radiation in terms of his field equations formed the foundations for many others to develop their work upon. It lead to the discovery and understanding of radio waves and the development of radio and wireless technology that is an integral part of today's world. Indeed such is the importance of his work that Albert Einstein described it as the "most profound and most fruitful that physics had experienced since the time of Newton."

Today RF engineers know of the name Maxwell as a result of his equations. Some might be able to write down or manipulate his equations, but very few people would know much of the man himself. 

Maxwell's early life

James Clerk Maxwell was an only child born into a comfortable middle background at 14 India Street in Edinburgh on 13th June 1831. His parents John and Frances were married in 1826 and after the birth of their son they moved to "Glenair" a newly built home on the family estate in rural Kirkcudbrightshire which had been inherited by the family.

Even from an early age Maxwell showed a very keen interest in all around him. He question those around him and he constantly asked, "What's the go o' that? What does it do?" Apparently he was not content with a vague answer and would press his question home until a satisfactory answer was given.

Sadly James' mother died in 1839 from abdominal cancer. She had obviously been in great pain because when Maxwell was told that "she was in heaven now" he was reported to have remarked, "I'm so glad she'll have no more pain."

His parents' plan was that they should educate the young James at home until he was 13 and then he would attend Edinburgh University. However his mother's death meant that other plans were needed. Initially a 16 year old boy was hired to teach him. This arrangement did not work and his aunt, Jane Cay helped out by looking after him so that in 1841 he was able to attend the Edinburgh Academy. However he paid frequent visits to his father to whom he became very close.

Whilst at the Academy he was initially thought to be shy and dull and he was slightly eccentric. He made no friends and he spent much of his free time reading, drawing unusual diagrams and making mechanical models. As a result he gained the nickname "Dafty" which he made no attempt to loose. However he surprised many people when at the age of fourteen, he published his first scientific paper in the proceedings of the Royal Society of Edinburgh. The paper concerned ellipses and although Descartes had previously covered the subject of the work, it was still a remarkable achievement for a fourteen year old.

Maxwell at university

Then at the age of sixteen, his father enrolled him at Edinburgh University. He spent three years here, alternating his time between Glenair and Edinburgh. At the University, he studied a variety of topics from polarized light and the stereoscope to galvanism, rolling curves and the compression of solids. He had a further paper presented, although this was read for him in view of his age.

Maxwell had to make a decision about his career. He had been expected to follow his father into law, but as Maxwell said, he felt he was called upon to study "another kind of law". Thus, three years after entering Edinburgh University, Maxwell moved to Cambridge. He found this difficult because it meant leaving his father. There were also concerns about his delicate health.

Nevertheless he moved to Cambridge in 1850. His tutor commented that he had a mass of knowledge that was really immense for such a young man, but it was in a state of considerable disorder. He spent his time at Cambridge at Trinity College where he believed it would be easier to obtain his fellowship! Here he studied mathematics and after his three years of what he termed very pleasant and very strengthening work he sat for his Tripos in January 1854 and came second.

First discoveries

Maxwell stayed on at Cambridge and spent time working on an extension of Faraday's theories of electricity and lines of magnetic force. A paper resulting from this work entitled "On Faraday's lines of force" was read to the Cambridge Philosophical Society in two parts in 1855 and 1856. It showed that a few relatively simple mathematical equations could describe the electric and magnetic fields and the interaction between them.

Whilst Maxwell was making these major achievements and was enjoying his time his father became ill in 1856. Maxwell wanted to be with him and so he moved to Scotland to take up the position of Professor of Natural Philosphy at Marischal College In Aberdeen. However just after accepting the position Maxwell's father died. Nevertheless Maxwell still took up the post and started in November 1856.

A little later St John's College in Cambridge announced that the subject for the Adam's prize was to be the motion of Saturn's Rings. Maxwell and a friend had talked about them when they were at Edinburgh Academy and he became very interested the prize. Accordingly much of his first two years research in Aberdeen were devoted to this topic. In his analysis he showed that the rings could only exist if they were made up from small solid particles, a fact that was confirmed well over a hundred years later when the spacecraft Voyager investigated them. Not surprisingly Maxwell's research earned him the Adam's prize.

During his time at Aberdeen, Maxwell met Katherine Dewar, and the two were married in 1859. Although the couple never had any children theirs was a very close relationship and was it said to be a marriage of "unexampled devotion."

Marriage for Maxwell

Katherine was the daughter of the principal of the college, but despite this, when Marischal and King's College were combined to form the University of Aberdeen, Maxwell did not succeed in retaining his post. As a result he successfully applied for the vacant professorship of Natural Philosophy at King's College London and he took up the post in 1860. 

Maxwell held the post at Kings for six years and it was during his time here that he undertook his most important work making further investigations into the properties of the electromagnetic fields he had postulated. He discovered that they travelled at approximately the same speed as light and proposed that light was in fact an electromagnetic wave. He also published two classic papers on the subject.

However he did not confine his researches to electromagnetic theory. He undertook work investigating the kinetic theory of gasses and as a result of this a probability function bears his name. This work lead to him presenting a lecture to the Royal Society in 1866. He had previous been elected tot he Society in 1861.

Whilst in London he also had the opportunity of meeting and getting to know Faraday well. An example of their friendship was shown when Maxwell was attending one of Faraday's lectures. When the density of the crowd leaving the lecture theatre prevented Maxwell from getting out, the Faraday referring to his work on gases was heard to say "Ho Maxwell, cannot you get out? If any man can find his way out through a crowd it should be you!"

At King's College

In 1865 Maxwell resigned his professorship at Kings and retired to his family estate in Glenair. Most of his time was spent here, and he enlarged the house in accordance with a plan his father had made. However he still kept some links with King's College as he served as an external examiner, returning each spring. He also undertook a tour of Italy with his wife in the spring and summer of 1867. However he kept himself busy in his scientific activities by writing a major work entitled Treatise on Electricity and Magnetism. It is within this volume that his four equations are stated. The work that is recognised as one of the great scientific texts and has a preface in which Maxwell states that his main aim was to convert Faraday's physical ideas into a mathematical form that would serve and as explanation of how they occurred. One of the conclusions of the work was that there was a form of electromagnetic wave and that he could "scarcely avoid the inference that light consists of the same undulations of the same medium which is the cause of electric and magnetic phenomena."

Despite the fact that Maxwell was in "retirement", Cambridge University approached him with the offer of becoming the first Cavendish Professor of Physics. Somewhat reluctantly he accepted the post in March 1871. However he soon set about his new responsibilities with relish. As part of his responsibilities, Maxwell was able to set up a new physics laboratory that was to be called the Cavendish laboratory. Maxwell was keen to make this a world-renowned centre and such was his enthusiasm that he even helped in the design of the laboratory.

Whilst at Cambridge, Maxwell only taught a few students, but these were of the highest calibre. One of them was Ambrose (later Sir Ambrose) Fleming, the inventor of the diode valve and professor of UCL. Later he commented that Maxwell had too much learning and too much originality to be at his best in elementary teaching. Adding that for those who could follow him his teaching was a delight.

Maxwell's last days

Some years later during the Easter term of 1879 Maxwell became ill. His health had always been somewhat delicate and two years previously he had suffered digestive problems but had chosen to ignore them. Now his health took a decided turn for the worse. Despite this he continued to give his lectures up until the end of the term. After the end of term he returned to Glenair for the summer with his wife who was also ill. His health steadily deteriorated, and despite the pain he suffered he remained very cheerful. After the summer he returned to Cambridge almost unable to walk, and he finally passed away on 5th November.

It appears that Maxwell had suffered from abdominal cancer, exactly the same illness that had taken his mother at exactly the same age. His Doctor commented "No man ever met death more consciously or calmly."

During his life, Maxwell had achieved a considerable amount. His major contributions are undoubtedly his electromagnetic field theory and the resulting equations. However he made considerable contributions to many other fields of science including thermodynamics and the kinetic theory of gases. He also studied looked at early forms of colour photography, devising some experiments to show it could work. He contributed to what is known today as information theory, and there is much more.

In his personal life he was known to have a keen sense of fun and humour, often playing practical jokes on people and teasing them. Once he mischievously expounded the difference between Centigrade and Fahrenheit to a group of eminent scientists.

In life James Clark Maxwell had contributed a significant amount to the furtherance of our understanding of many aspects of science. However Maxwell received no public honours and was buried quietly in a small churchyard at Parton in Scotland.

Guglielmo Marconi - short biography of his life

- short biography of the life and history of Guglielmo Marconi, father of radio or wireless, with facts about his work and quotes of things he said.

Guglielemo Marconi is often called the "Father of Radio" for the many developments he made to radio, and although he probably did more than any other person to advance radio technology, he freely admitted that he did not invent it.

However Marconi left behind a great legacy, his biography shows that he pushed forward radio technology in a way that nobody else did. He achieved milestones that nobody thought possible at the time. Many thought his ideas were too far-fetched and could never be achieved.

In fact the whole of Marconi's life was full. Although he was not a theoretical scientist he had a very inventive mind. He also never let the obstacles that stopped others, prevent him from reaching his goal. It was these qualities that enabled him to achieve greatness, and receive his rightful place in history.

Marconi's childhood

Guglielmo Marconi was born on 25th April 1874 in Bologna in Northern Italy.

Marconi's, father, Guiseppe, was a widower and wealthy Italian. His mother came from a Scottish and Irish family of brewers and distillers, and she ran away from home to marry him.

Marconi's mother loved to travel and the young Guglielmo accompanied her on many of her trips. As a result the young Marconi received private tuition, this gave him further insight into some of the fundamental concepts he would require later. He later attended a school in Florence, but found his work difficult. Nevertheless Marconi still managed to progress to the Technical Institute of Leghorn where he was more successful, and developed an interest in physics.

Unfortunately Marconi left the Institute without any formal qualifications. This displeased his father, but despite this he returned home and continued to perform various scientific experiments.

Marconi's mother was very loyal to her son, and she arranged that one of their neighbours, a noted physicist named Professor Righi acted as an adviser. It was through this contact that Marconi's interest became focused on the newly discovered radio or Hertzian Waves.

Marconi's wireless experiments

With Marconi's interest fired with ideas of Hertzian Waves. He started by repeating the experiments of Heinrich Hertz who had discovered their existence. These experiments used a spark in a transmitting circuit to induce a second but smaller spark in a receiving circuit placed a short distance away.

Like Hertz he only managed to achieve ranges of a few metres. Later he managed to improve the distance over which the spark could be detected by using a device called a coherer in the receiver. A Frenchman named Edouard Branly was the first to observe the effect behind the coherer and this was later improved and popularised by Oliver Lodge in its use for detecting Hertzian wave transmissions.

Note on the Coherer:

The coherer was a very early form of radio detector used around the late 1800s and early 1900s to detect radio waves. It relied on the principle that iron filings or other similar particles cohered and formed a conducting path when in the vicinity of an electric discharge. 

Marconi realised that the sensitivity of the coherer was crucial to the range that could be achieved. As a result he set about trying to improve its sensitivity. At this time the way in which the coherer operated was not understood, and so Marconi set about improving it by trial and error. His experiments lead to a much improved device which used 95% nickel filings and 5% silver filings in an evacuated tube.
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Coherer as used by Marconi
Marconi did not restrict his activities to the investigations of the coherer, he looked beyond this as well. He discovered that by using an antenna consisting of a combination of an earth and a vertical conductor, significant improvements in the signal strength could be made. This enabled him to increase the range of his transmissions even further. In one experiment he performed Marconi operated the transmitter in the house whilst the receiver was taken into the fields. Confirmation of a signal was indicated by the operator waving a white handkerchief. However when the receiver was taken over a hill the report from a hunting rifle had to be used.

Eventually Marconi was able to detect signals at distances up to about two kilometres. Realising the possibilities this offered for communications, he offered the idea to the Italian authorities. Unfortunately they were not impressed and they dismissed the idea.

Move

History shows that Guglielmo Marconi was not deterred by his rejection, but in order to be able to exploit his idea he moved to England with his mother in February 1896.

On their arrival, Marconi and his mother were met by his cousin, Henry Jameson-Davies. He was an engineer himself, and gave the young Marconi an introduction to A.A. Campbell Swinton, Scottish consulting electrical engineer who was interested in communications and had been following some of the experiments performed by Hertz. As a result he had some connections who were of use to Marconi, introducing him to William Preece the Chief Engineer of the Post Office. Preece was keenly interested in wire-less forms of communications and had performed a number of wireless experiments himself.

Following up on his new introduction, Marconi undertook a number of demonstrations. The first was set up on the rooftops of two buildings in London in July of that year. Communication was successfully made over a distance of a few hundred yards. This impressed all that were present, especially because there were buildings in the line of transmission, and wire-less communication was still very new and a great novelty.

As a result of the success of the first demonstration a further test was requested on Salisbury Plain at the beginning of September. This time representatives from the War Office and the Admiralty were also present. In view of the additional observers, Marconi used parabolic reflectors at the transmitter and receiver to show the directional properties of the waves. This was important to show that secrecy could be maintained during transmissions. The use of this technology limited the range to only about two and a half kilometres. Further tests six months later used balloons to raise the height of more conventional antennas. This time a range of over seven kilometres was achieved.

The next demonstration was made to the press. This was very successful, partly because of the novelty of being able to communicate electrically without any intervening wires. The effect was also enhanced by the showmanship used in the performance as both transmitter and receiver were housed in black boxes. As a result Marconi became an instant celebrity.

Up until this time the new Hertzian or radio waves used by Marconi had not been put to any real use. Then in 1897 it was decided to test the new system and see if it could provide a reliable link across various stretches of water. If this were successful it would save on the installation of expensive submarine cables. In some of the first of these tests across the Bristol Channel, Marconi's system proved to be very successful, further enhancing his image.

Marconi opens for business

With the success of these tests interest in the possible uses of radio grew, and in July 1897 Marconi decided that he had to launch his own company. Named the "Wireless Telegraph and Signal Company Limited" its foundation allowed him to borrow further money to allow further tests and development to be performed. With financial backing behind him he continued his developments and tests.

Little was still understood about Wireless or Hertzian waves and therefore further tests were needed. In late 1897 Marconi erected masts over 40 metres high outside the Needles Hotel on the Isle of Wight. From here he made transmissions which he received on a boat which steamed up and down the Solent to test reception over the sea. From this site he managed to achieve a range of over 30 kilometres and also confirmed that transmissions could be reliably made over water. As evidence of this anyone visiting the Needles today can see a plaque in the car park commemorating the site of these transmissions.

With these further increases in range it was decided to attempt to make the first international radio link by transmitting across the English Channel. To achieve this, masts were set up at South Foreland and at Wimereux near Boulogne and the first successful international wireless transmissions were made in 1899. In view of its importance this test received a large amount of press coverage, and was very successful. However it also enabled new discoveries to be made because the transmissions were picked up over 130 kilometres away in Chelmsford. This discovery was very significant because until this time it was only thought that transmissions could be made over line of sight paths.

The same year brought another success for Marconi. He received his first order from the British Navy. Up until this time he had spent large sums of money on research, but had received very few orders. If his company was to survive, then he needed more orders of this nature.

Hans Christian Oersted

- A summary of the life of Hans Christian Oersted, the man who discovered the link between electricity or electric currents and magnetism, or electromagntism.

Of Hans Christian Oersted, Faraday said: "No experimental proofs of the opinions he entertained were know, but his constancy in the pursuit of his subject, both by reason and experiment was well rewarded by the discovery of a fact of which not a single person besides himself had the slightest suspicion."

In these early days of electricity, the facts that we take for granted were not known and it took great men like Hans Christian Oersted to discover them.

Oersted's early career

Born in 1777, Hans Christian Oersted was the son of a Danish Apothecary, and in his early childhood he and his brother were looked after by neighbours whilst his parents worked in their business. These neighbours provided him with an education. 

Oersted then served an apprenticeship in his father's apothecary and then both he and his brother studied at Copenhagen University. Hans Christian studied Chemistry and his bother studied law. In fact his brother rose through the judiciary and eventually became prime minister.

Oersted gained a Ph.D. and continued to study philosophy. However to earn a living he worked at an apothecary whilst acting as a part time unpaid lecturer at the university. This lead to an award of a three year travel scholarship that took him around Europe and it enabled him to follow up on his scientific interests.

On returning to Copenhagen, Hans Christian Oersted could not gain the professorial position he wanted as a result of some ill-thought-out statements he had made which were criticised by leading scientists. Fortunately some popular lectures Oersted gave on various scientific topics helped restore his reputation and he secured a post as an "extraordinary professor".

Initial theories from Oersted

As a result of his studies in philosophy, Oersted had thought that there were links between the different forces in nature. Already the new science associated with electricity had demonstrated there was a link between electricity and chemistry as a result of Volta's work on cells. If this was try then why not between electricity and magnetism? In 1812-1813, Oersted expressed these ideas in a book, despite the fact that it did not fit in with the thinking of the time.

Discovery made

In the winter of 1819-1820, Hans Christian Oersted gave a number of lectures on electricity and magnetism to a small group of advanced students. One that he wanted to try was the effect of a closed electrical circuit (i.e. with a current flowing) on a magnetised needle. Unfortunately he did not have time to try it before the lecture, and decided to postpone it. However during the lecture he changed his mind and tried it. Despite the fact that the wire was thin and the resistance high, a sufficient current flowed to deflect the needle - his theories had been proved.

Further experiments were needed because the effect was not particularly dramatics, but they had to be postponed for three months until a more powerful battery and thicker wire were available.

Once these were available Oersted performed the experiment again, and also looked more into its nature checking that it was not an electrostatic effect.

Oersted published his findings and circulated them to many leading scientists in Europe. The paper created an enormous response as people realised the significance of the discovery.

Oersted's later life

Oersted continued a variety of scientific researches. Much of his later work involved studies of the compressibility of gases, and beyond this he turned back to his first love - philosophy before his death in 1851.

Captain H.J. Round

- H.J. Round - the little known genius who added much to thermionic valve or tube development and made significant developments to ASDIC

Captain Henry Round is a little known genius in the field radio early radio development. As a result of his efforts H.J. Round had a great impact on British history. His developments in radio direction finding noticed the movement of the German navy which he reported and this resulted in the Battle of Jutland, the largest naval battle of the First World War.

In addition to this H.J. Round made significant contributions to the development of the thermionic valve or tube, and he also worked successfully on the development of ASDIC.

As for his character, Captain H.J. Round was something of an individual and an extrovert. He was also short in stature, and his looks were said to be similar to those of Winston Churchill, even down to a cigar. He also had a dislike for unnecessary protocol, preferring to get to the point as soon as possible.
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Round's early years

Henry Joseph Round was the eldest child of Joseph and Gertrude Round and was born on 2nd June 1881. He spent his early years in the small town of Kingswinford which is in Staffordshire, England.

Henry Round's early education took place at Cheltenham Grammar School. Later he furthered his education at the Royal College of Science and here he gained first class honours degree.

H J Round's first employment

H.J. Round commenced his professional life when he joined the Marconi Company in 1902. The company was very newly formed and was at the forefront of "wireless" technology having made the first transatlantic radio transmission the previous year. However the investment in achieving these new milestones was huge and the returns at this time were relatively small. Despite the shortage of cash, H.J. Round was sent to the USA. Here his office junior was a man named David Sarnoff - he alter became the Chairman of RCA.

While in the USA, Round experimented with a variety of different aspects of radio technology. From early 1903 until 1904 he focussed on dust cored tuning inductors as the concept of tuning a signal was still in its infancy, and methods of satisfactorily tuning receivers and transmitters was needed.

While H.J. Round's main focus was on studying tuning, he was also able to spend time performing some experiments with transmission paths over land and sea at different times of the day. He also spent time investigating direction finding for which he used a frame antenna. What he learned from these experiments would prove very useful in his later work.

In further work that H.J. Round undertook, he made some ground-breaking discoveries, one of which was over fifty years ahead of its time. In 1906 H. H. Dunwoody had discovered the crystal detector which was a very important rival to Fleming's diode valve. (Interestingly the patent for the diode valve was owned by Marconi as Fleming was a consultant to the company). Round performed a number of experiments on the crystal detector using a of materials. He also applied a direct current to them and noticed that some actually emitted light. H.J. Round reported this in the 9th February 1907 edition of Electrical World. This is the first known report of the effect of the light emitting diode. Unfortunately Round was well ahead of his time and it took until the 1960s before it was fully exploited.

Job changes

The cash shortages experienced by the Marconi company forced some drastic measures, and Round had to be discharged from the company. He looked for new employment, and although he was turned down by Edison, he did manage to take up a post with the New York Telephone Laboratories.

After a short period the Marconi finances recovered and H.J. Round was able to re-join to the company and return to England. Now Round became investigated solutions to the problems of valve amplification. This work soon paid dividends and in 1913 and the following year Round patented a number of ideas for valve improvements including that of an indirectly heated cathode. This was a major step forward and it paved the way for enabling valves to be used far more widely. Also during this time he patented his auto-heterodyne (autodyne) receiver and developed the first use of automatic grid bias.
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H.J. Round's Autodyne Receiver
First World War

The First World War broke out in 1914. The military authorities realised the benefits that could be reaped from wireless communications, and accordingly Round was seconded to Military Intelligence with the rank of Captain.

Calling on his previous experience with direction finding, Round set up a chain of direction finding stations along the Western Front. These stations proved to be so successful that he was instructed to set up a second chain of stations in England. In May 1916 they were monitoring transmissions from the German Navy that had been at anchor at Wilhelmshaven. On 30th May they reported a 1.5 degree change in the direction of the signals being picked up from the German fleet along with an increase in activity. The information was reported to the Admiralty who reasoned the German fleet had put to sea. Accordingly the Admiralty ordered the British Fleet to put to sea to intercept the Germans, and the following day the Battle of Jutland was fought. It was the largest sea battle of all time. In it the British fleet lost seven ships and about 7000 men, whilst the Germans only lost three ships and around 2500 men. While the British suffered greater losses, it meant that the German fleet did not sail. After the war it was revealed that it was as a result of the endeavours of Captain H.J. Round that the Battle had taken place.

Captain H.J. Round made other contributions to the war effort, designing the first telephony transmitters and receivers for airborne use. For all his services during the war, Round was awarded the Military Cross.

Round returns to civilian life

With the cessation of hostilities, H.J. Round returned to more peaceful and commercially profitable activities working for the Marconi Company. Initially his activities were devoted towards the development of improved thermionic valve or tube activities. He developed some new high power valves or tubes (types MT1 and MT2) and alongside this he developed some transmitters capable of delivering around 20 kW. Then in March 1919 he oversaw the installation of a large telephony wireless station at Ballybunion in Ireland.

With the transmitting station complete, H.J. Round next developed some more transmitters, but this time for range testing. The radio transmitters were located at the Marconi works in Chelmsford, and in order to gain an idea of the ranges being achieved, listeners were invited to send in reports on the transmissions. In order to attract listeners, the transmissions were modulated with music - a revolutionary idea for the time. The number of listeners grew and many reports were received by those who had enjoyed the radio transmissions. As a result the idea of radio broadcasting dawned in the United kingdom, and a regular wireless telephony news service was inaugurated on 23rd February 1920. Three and a half months later on 15th June 1920, the famous Australian soprano Dame Nellie Melba took part in a broadcast concert organised by the Daily Mail. This radio broadcast created a significant amount of public interest and many people listened to it.

These early British radio broadcasts were not without their problems. They caused interference to what were thought to be "more serious" uses for wireless and they were sopped. However, two years later another set of broadcasts were inaugurated. The transmission site for these was at Writtle just outside Chelmsford. In line with all stations of the day a call sign was assigned to the station and for this one it was 2MT (Two Emma Tock). It took to the air using a transmitter that had been designed by H.J. Round.

The success of this station lead to the establishment of another station at Marconi House in the Strand. With the call sign 2LO this station was taken over by the BBC at its formation in 1922. From this it can be seen that H.J. Round naturally played a very significant role in the foundation of broadcasting, providing much of the technical expertise and drive to ensure that it succeeded.

Amidst all of this work, H.J. Round was still working on a number of other projects. One of the major jobs was the conversion of the Marconi wireless station at Caenarvon, Wales from a spark transmitter to a valve or tube transmitter. This radio transmitter used a total of 56 of Round's MT2 valves or tubes with a 10 kV supply. The station was naturally very powerful, and as a result on 19th November 1921, signals from it were heard in Australia.

Career moves for Round

Round was appointed to the post of Chief Engineer at Marconi Research in 1921, and he remained with the company until 1931 producing a huge amount of work. During this time he undertook a wide variety of different projects including the design d development of radio transmitters and receivers, gramophone recording systems, and he even developed a public address system that was used to relay the speech by King George V of England at the Wembley Exhibition.

Despite all his successes, Round decided to set up his own private consultancy in 1931. Although he still worked closely with the Marconi Company on many occasions it gave him more flexibility to undertake the work he wanted to do. However shortly after the outbreak of the Second World War he was commissioned to work for the UK Admiralty (the department that ran the British Navy) on ASDIC. The letters ASDIC, stand for AntiSubmarine Detection Investigation Committee, and the system is known as Sonar today. After the war he undertook more work for the Marconi Company, working primarily on echo sounding, a field in which he was considered an expert.

Personal Life

H.J. Round married Olive Wright Evans in 1911 and they had seven children: two sons and five daughters. Sadly his eldest son John who was a Spitfire pilot in the Second World War was killed in action. Round outlived Olive and was remarried in 1960 to Evelyn Bays. Round himself died in August 1966 in a nursing home in Bognor Regis after a short illness.

Looking back

H.J. Round achieved a phenomenal amount in his life. He was known for his huge work output and the number of development "firsts" to his name. He revolutionised the design of radio receivers of the day. He developed new valves and moved forwards thermionic technology. In addition to this he played a significant role in the technology used in two world wars. He also had the distinction of being the first person to note the effect used today in light emitting diodes.

Round was awarded two main honours. In the First World War there was the Military Cross for his efforts mainly on direction finding and then in 1951 he was awarded the coveted Armstrong Medal by the Radio Club of America. Despite these two awards and the huge impact of many of his developments, the name of Captain H.J. Round is not widely known and he is very much an unknown genius.

H J Round facts

A summary of some of the chief facts about Henry Joseph Round: 

	Key H J Round Facts

	Fact
	Details

	Birth date 
	2 June 1881 

	Birth place 
	Kingswinford, Staffordshire, England 

	Parents 
	Joseph and Gertrude Round 

	Death 
	17 August 1966, Bognor Regis, England 

	Education 
	Cheltenham Grammar School then Royal College of Science (1st class honours degree) 

	First employment 
	Joined the Marconi Company in 1902 

	Main contributions 
	Improvements in thermionic valve (vacuum tube) technology, development of sonar 

	Other notable work 
	First to observe and publish the light emitting diode effect (1907) 

	Patents 
	117 patents held 
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