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The Contribution of Robert von Lieben to the Development of Electronic Amplification

Research and Development in Vienna and Berlin 1905-1912
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1. Introduction

In this paper I will try to present important facts concerning the research and the development of the LRS relay, ( the “Liebenröhre”), the first device to achieve electronic amplification of telephone signals. A motivation for this is the celebration of the 100th anniversary of the important german patent “Kathodenstrahlenrelais” of  Robert von Lieben of Vienna. Fortunately the topic of the LRS relay found in the past great interest by American authors such as Gerald F. Tyne (1977) and Thomas H. Briggs IV (1990). The author of this paper published recently the Book “Robert von Lieben-100 Jahre Patent Kathodenstrahlenrelais” and the material presented here is mainly based on its findings.

2. Prerequisites for the invention

After finishing his military services with the Austrian k.k. Army and his following stay to get a practical experience at the Schuckert Company in Nuremberg, Germany, Robert von Lieben accepted an invitation of Professor Walter Nernst to work at his institute at the University of Göttingen on scientific problems of his choice. Two problems found his main interest: the development of an electro chemical phonograph and the investigation of a possible polarisation of X-rays. Later in 1902, back in Vienna, he built together with his co-worker Eugen Reisz  a prototype of the electro chemical phonograph an saw that amplification of the feeble electrical signals produced by it is needed.The second  research problem was to investigate a possible polarisation of X-rays. There he got experience in working with cathode rays ( the former name of electron beams ) and he became familiar with the necessary glass- and vacuum technology (v. Lieben 1903). It can be assumed that the experience which Robert von Lieben got by these two projects was crucial for the invention of the “Kathodenstrahlenrelais” of 1906. It is known that Robert von Lieben had always interest on new developments in science and engineering. Therefore it can be assumed that he had a knowledge of the diode of Professor Fleming and also of the work of Professor Wehnelt to propagate effectively cathode rays by a heated cathode with a layer of an alcali oxyde.

3. The patent “Kathodenstrahlenrelais”

On march 4, 1906 Robert von Lieben applied successfully for the german Kaiserliche Patent Nr. 179807 on a “Kathodenstrahlenrelais”. In the first paragraph  it is stated that “the proposed invention has the goal to release a large amount of energy by the variation of electrical current of small energy such that the frequency and waveform of the released variable electrical current compares exactly to the causing one” ( transl. by the author). The amplifying input current had to excite two electro magnets which by its Lorentz force changed the direction of the electron beam on its way from the cathode to the anode. Depending on the degree of deflection this had to cause the wanted amplification. The patent emphasizes the fact that cathode rays have practically no moment of inertia such that the amplification up to highest frequencies should be possible. Furthermore, that by the use of “slow cathode rays” ( since the Wehnelt cathode allowed the reduction of the anode voltage to about 200 Volt ) relatively small magnetic or electric forces can realize the desired effect.
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Figure 1: Circuit diagram of the “Kathodenstrahlenrelais” in the patent of 1906

4. Research and Development in Vienna 1905- 1911

It can be assumed that Robert von Lieben started the research on the “Kathodenstrahlenrelais”

at about 1905  in his private laboratory in the house of  his parents in Vienna, Oppolzergasse 6  near the famous Burgtheater. Eugen Reisz, who graduated from Vienna University of Technology in 1902 as a Diplomingenieur in Electrical Engineering, helped him there. In January 1906 Robert von Lieben appointed the chemist Dr. Richard Leiser, assistant professor in Chemistry of the University of Vienna. Dr. Leiser got the task to help with the design of  the concave mirror cathode and to find the proper preparation of the alcali oxyd to put on. Leiser experimented with several different mechanical constructions for the cathode such as with a platin layer on porcellan, platin plate with separate heater or the construction of the mirror by small parts of platin plates. A solution was found by the use of a very thin platin plate as cathode material. The preparation of the cathode with the alcali oxyd turned out to be especially difficult. Leiser tried first a powder of calcium oxyd (CaO) and a preparation with organic calcium salts. In 1907 he finally succeeded with a calcium nitrat and the anode current could be increased from 5 mA to 50 mA ( Leiser 1910). Professor Nernst reported on occasion of the 10th memorial of the death of Robert von Lieben in 1923 that in the year 1907 the “Kathodenstrahlenrelais” at the Lieben laboratory in Vienna was definitely able to amplify telephone currents ( Nernst 1923). The important contribution of Dr. Richard Leiser at the research was acknowledged by Robert von Lieben in September 1908 by a contract which determined that Dr. Leiser should receive the share of 40% on the profit of the invention.
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Figure 2: Experimental set up of the Kathodenstrahlenrelais in Vienna (ca 1908)

 In January 1909, Dr.Leiser moved to Karlsruhe, Germany ( about 600 km away from Vienna).Therefore Robert von Lieben decided to continue his research at the “Physikalisch-chemische Reichsanstalt” headed by Professor Nernst in Berlin. The letters between Robert von Lieben and Dr. Leiser show that the preparation of the mirror cathode was still the main problem to be solved. However, no success was achieved in Berlin such that in August 1909 v. Lieben felt “ to have reached a dead point” and moved the whole equipment from Berlin to the City of Olmuetz in Moravia, where he was since 1907 the owner of the “Telephon Fabrik Robert von Lieben”. There, however, Eugen Reisz and Siegmund Strauss, which was in charge of the engineering development there, continued the research on the “Kathodenstrahlenrelais”. In using a smaller glass construction they got an improvement of the vacuum and were able to reduce the cathode current from 20A to 2A ( Strauss 1938). Encouraged by this results Robert von Lieben decided to continue the research and founded in Vienna the “Laboratorium Reisz und Strauss” ( LRS). In July 1910 Reisz and Strauss discovered the possibility to control the cathode rays by a metallic grid, which was positioned between the cathode and the anode. The function of the grid was discovered by Reisz when he tried to stop blue haze by a sieve, guided by the concept of  the mining lamp of Davy. This discovery led finally to the LRS relay ( the “Liebenröhre” ), the final form of the   Kathodenstrahlenrelais. The research results were documented and saved by two important patents “ Relais fuer undulierende Stroeme bei welchem durch die zu verstärkenden Stromschwankungen ein Ionisator beeinflusst wird“  ( D.R.P. Nr. 236716 of Sept. 4, 1910) and „ Relais fuer undulierende Stroeme“  Zusatz (D.R.P. Nr. 249142  of Dec. 20,1910) which were issued to Robert von Lieben, Eugen Reisz and Siegmund Strauss. In the following it was also discovered that the function of the LRS relay depended on a little rest of mercury vapor left over from pumping. To provide the LRS relay in operation with the right amount of mercury vapor a little container with amalgam was added to the glass tube ( D.R.P. Nr. 254588  of July 13, 1911).
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       Figure 3: Notes on the invention of the grid function (June/July 1910)

5. Development of the “Liebenröhre” (LRS relay ) in Berlin 1912

By promotion of Professor Nernst Robert von Lieben was invited to demonstrate his LRS relay to representatives of  the major german industries ( Berlin, August 3, 1911). Siegmund Strauss reported on that occasion that “the amplified speech could be heard in clearness and loudness such that even in the last row of the big lecture room of the “Physikalisch-chemische Institut” everything could be understood. The demonstration made to the audience a great impression. All participants were astonished, one could say very exited “ ( Strauss 1938, transl. by author). In February 1912 Robert von Lieben succeeded in establishing a contract with the” Lieben Consortium” consisting of the four companies Siemens & Halske, AEG, Felten and Guilleaume and Telefunken which allowed the use of his patents in the european countries. The development of the LRS relay ( the “Liebenröhre” ), for industrial production was made in Berlin on two places. On the one side at the AEG Kabelwerk Oberspree the companies AEG, Felten and Guilleaume and Telefunken founded a laboratory in which Eugen Reisz was employed. Siemens & Halske on the other side started its work in its own “Pupin Laboratorium”. Already during the year 1912 the Liebenröhre was ready for production. With begin of the year 1913 amplifiers equipped with the Liebenröhre were offered by Telefunken.
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               Figure 4: Production of the LRS relay in the AEG laboratories in Berlin

6. Practical use of the LRS relay

The company Telefunken was most interested to use the LRS relay in its apparatus for wireless communication. A possible application consisted in amplification of Morse signals after their demodulation in receivers for wireless telegraphy. Another application was its use as high frequency amplifier in such receivers. For the demodulation of undamped signals of alternative current transmitters the LRS relay could be used as an oscillator to realize a heterodyne circuit. Alexander Meißner of  Telefunken used the LRS relay for the first time in a transmitter for wireless telegraphy and wireless telephony. The transmitting power, however, was very poor. To reach 20 Watt a anode voltage of about 1000 Volts was needed. It is reported that in such applications the operation of the LRS relay has to be limited to about 20 hours ( Meissner 1928). Another application of the LRS relay was its use in long distance telephone circuits and in amplifiers to eavesdrop signals of ground telegraphy in WWI. From the Telefunken company there exists a confidential report which describes an “ aperiodic unversal amplifier” which realizes high frequency amplification and by a feedback circuit at the same time also audio amplification 

( Pichler 2006). An important source to learn about details of the circuitry with LRS relays is given by a report of the US Navy Yard of New York of the year 1918. It describes the equipment for wireless telegraphy found in the german steam ship “Vaterland” on which an embargo was led on from the US ( Tyne 1977).
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                    Figure 5: Amplifier of Telefunken  with LRS relay ( 1913)
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             Figure 6: Circuit diagram of the “aperiodic universal amplifier” of Telefunken (1913)

7. Development of the vacuum tube in USA and in Germany

The progress in vacuum technology and the associated appearance of the high vacuum tube brought an end for the production of the LRS relay and its use. In the USA at the Western Electric Laboratories Harold D. Arnold and his group developed in 1913 a high vacuum tube for the long distance telephone lines of AT&T. At General Electric Irving Langmuir developed a vacuum tube for the modulation of its Alexanderson transmitters. Both companies made started the research by using the concept of the audion of Lee de Forest. In Germany the Telefunken company (Rukop) and Siemens & Halske produced from 1915 on high vacuum tubes for their amplifiers and heterodyne circuits in WWI equipment.

8. Final Comments

The LRS relay ( the “Liebenröhre”) was invented in Vienna during the years 1905-1911 and developed for industrial production in Germany in 1912. It allowed already in August 1911 a successful demonstration of the possibility of  electronic amplification of telephone signals. From 1913 on it was used in practical applications. However, the invention and development of the high vacuum tube in the USA ( 1913) and in Germany (1915), outdated the LRS relay. However, the LRS relay nevertheless deserves historical recognition, both for being the first to realize electronic amplification of telephone signals and for boosting the research and development of the high vacuum tube.
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