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When I became chair of the Institut für Höchstfrequenztechnik und Elektronik at the 

University of Karlsruhe, and started teaching and scientific research more than 30 years ago, I 

had a vision regarding topics, projects, and co-operations. It took only 3 years during which I 

was made aware, and really became aware, of Heinrich Hertz’s experiments and proof of 

electromagnetic waves 100 years back. I made my decision and became enthusiastic about 

organizing the 100 years celebration of Hertz’s achievements. In 1988, we organized the “100 

Years Electromagnetic Waves” [1] conference with participation of colleagues from worldwide 

institutions. For the proper preparation of the conference I had to study all the old literature and 

check out the experiments still available in order to avoid any embarrassment in the discussions 

with the famous colleagues from around the world. 

But, I was in fact embarrassed when studying Hertz’s experiments. He not only proved the 

existence of electromagnetic waves, he also invented many other electromagnetic features and 

facts. I shall name only a few, with their names of today: polarimetry, reflector antennas, array 

antennas, radar, coaxial wave guide, and so on. Digging into the history a bit further, I became 

aware of the fact that Ferdinand Braun was the predecessor of Heinrich Hertz at the University 

of Karlsruhe, then the Polytechnische Schule, founded in 1825. He received, together with 

Guglielmo Marconi, the Nobel Prize in 1909 [2]. At that time, the Polytechnische Schule was 

quite famous. William Barton Rogers, the founding director of the Massachusetts Institute of 

Technology, gave the following impression of the Polytechnische Schule in Karlsruhe 1864: 

"The Polytechnic Institute at Carlsruhe, which is regarded as the model school of Germany and 

perhaps of Europe, is nearer what it is intended the Massachusetts Institute of Technology shall 

be than any other foreign institution." Being aware of the success in the past, I decided that my 

predecessor Helmut Friedburg, I myself, and my successor Thomas Zwick are “Sitting on the 

chair of Heinrich Hertz”, as we continue the research in the areas of Ferdinand Braun and 

Heinrich Hertz at the Institut für Hochfrequenztechnik und Elektronik [3] of the Karlsruhe 

Institute of Technology [4], as it is called now. 

One might ask: “why did I become so interested in the history of electromagnetics?” The 

deeper I penetrated the early research and studied the history of electricity, waves, antennas and 

so on, the more I became aware that already many, many years ago the scientists had questions, 

stimulated ideas and tried to give answers  to these questions, whereas only now, since only 

about ten years,  we are able to give correct answers. This leads me to conclude: “The Past is 

the Basis for the Future.” 
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Greek: antemna: sail yard (German Mast) 

What is an Antenna? 

Kasus    Singular     Plural 
Nominativ    die Antenne    die Antennen 
Genitiv  der Antenne   der Antennen 
Dativ  der Antenne   den Antennen 
Akkusativ  die Antenne   die Antennen 

  Latin:  antenna –  

  German:  Antenne 

  English:  aerial 

  French:  antenne 

  Italien: antenna 

  Swedish:  antenn 

  Spanish:  antena 

  Russian:  антенна 
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What is an Antenna? 

 An antenna can receive electromagnetic waves! 

 Most antennas can transmit electromagnetic waves! 

 An antenna is feed via wave guides 

 E and H fields decouple from the antenna and radiate 
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Eyes of Living Creatures  
Are the eyes of living creatures antennas? They receive electromagnetic waves in 
the optical frequency range! 

No radiation – no antenna ? 

 Is the eye an antenna? 
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Sir William Watson 
*3. April 1715, London, – † 10. May 1787, London, UK  

Transmission of electric waves over a 2 mile long wire 1747 

  EM fields radiated? 

No recognized radiation – no antennas 
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Charles Augustin de Coulomb 

  Remote Action: defined the electrostatic force of attraction and repulsion 1785 

*14. June 1736 Angoulême, † 23. August 1806 Paris, France 

DC, no radiation – no antennas 
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Francisco Salva Campillo 
* 12. July 1751, Barcelona - † 13. Feb.1828, Spain 

16.12. 1795 proposal of a wireless connection: 
 
  antennas: wires is the water 

Connection by water conduction; 
Was this radiation? 
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Michael Faraday 

  Electromagnetic rotation and forces  
  Electromagnetic induction 

*22. Sept. 1791 Newington, Surray , † 25, August 1867 Hampton Court Green, Middlesex, UK 

P: paramagnetic body DP: diamagnetic body 

No radiation – no antennas 
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B. Riemann: Wave Equation for the Potential 

  Defined the Wave Equation for the Potential in space 
  10. Feb. 1848, presentation at the Göttinger Akademie 
der Naturwissenschaften, cited by Maxwell 1867. 

*17. September 1826, Jameln, Germany; † 20. Juli 1866, Ghiffa, Piemont, Italy 
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James Clerk Maxwell 
*13. June 1831 Edinburgh, Scotland, † 5. Nov. 1879 Cambridge, UK 

  1865, Maxwell published “A Dynamical Theory of the Electromagnetic Field” 
  The “Treatise on Electricity and Magnetism” appeared in 1873 
  20 eq., 20 variables, he believed in aether 
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Hand Written Equations by J.K. Maxwell 

Wave equations for light, with the extension for elelctromagnetic waves and comparison with Riemann.  
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Universal Scientist (Tradition of Gottfried Wilhelm Leibniz 1646 - 1716) 

Professor at the Universities:

1849 Königsberg, Medicine: Anatomy and Physiology

1855 Bonn, Medicine: Anatomy and Physiology

1858 Heidelberg, Medicine: Physiology
- Handbook of Physiological Optics (3 Vol.)
- 3 - Colour - Theory
- Theory of Sound Perception

1871 Berlin, Physics and Mathematics,
later Philosophy 

Hermann von Helmholtz 
* 31. August 1821 in Potsdam; † 8. September 1894 in Charlottenburg (Berlin) 
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Contribution to Electrodynamics 
1847  Helmholtz suggested electrical oscillations 6 years before this process 

was theoretically calculated by William Thomson (Lord Kelvin) (1853) 
and 10 years before it was experimentally verified by B.W. Feddersen 
(1857). 

1870/74  Helmholtz tried to unify different approaches to electrodynamics 
 Franz Ernst Neumann(1798 - 1895) 
 Wilhelm Eduard Weber(1804 - 1891) 
 James Clerk Maxwell(1831 - 1879) 

Theory of  
action-at-a-distance } 

Hermann von Helmholtz 
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1878/79  Student  Competition (Prize of the Philosophical Faculty, Univ. Berlin) 

Winner with distinction was Heinrich Hertz 
Electrical charges in time dependent current do not exhibit inertia  
Webers Theory is wrong 

1879  Competition of the Prussian  Academy of Sciences  
Do dielectric and galvanic currents have equivalent electrodynamic forces ? 

Winner was again Heinrich Hertz 

Helmholtz - Equations:  
    

Hermann von Helmholtz 

2 2 
0 , 0 , 

1 / 

j a n d s c a l a r s 

E H E a n d H 
t2 t2 

p h a s e v e l o c i t y v 

ρ = = μ ε 

δ δ 
= μ ε = μ ε 

δ δ 
= μ ε 

    
Δ2 Δ2 
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Family Dr. Gustav Ferdinand Hertz around 1870 

Names of the 
children left to right: 
Gustav, Otto, 
Heinrich, Rudolf 
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Antennas by Heinrich Hertz 
* 22. Februar 1857 in Hamburg, † 1. Januar 1894 in Bonn, Germany 

  proved Maxwell‘s equations experimentally 

  proved Maxwell‘s equations theoretically and  

rewrote them in 12 eq. starting from the sources 

  built numerous antennas 

  verified the EM wave polarization 

  verified reflexion and scattering 

  verified refraction of dielectric bodies 

  built the first coaxial line 
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Heinrich Hertz - Places of Residence 

Bonn 

Frankfurt 

Karlsruhe 

München 

Dresden 

Berlin 

Kiel 

Hamburg 
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Original Hertz’ian Oscillator (KIT) 

Physics Institute Polytechnical University of Karlsruhe (1886-1888) 
Now Karlsruhe Institute of Technology (KIT) 
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Antennas by Heinrich Hertz 
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Antennas by Heinrich Hertz 

Rebuilt, Bonn 



21 10.02.14 Institut für Hochfrequenztechnik  
und Elektronik IHE 

M 

c d 

a b 

A 

B C C 
M 

1     2 

A 

B 

Experimental Installations of Heinrich Hertz 

A: Inductorium 
B: Spark gap in transmitter circuit 
C: Metal spheres at both ends of transmitting antenna 
M: Spark gap in receiver circuit (Nebenfunken)  
Experimental wave length λ = 66cm  
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Heinrich Hertz Polarizing Grid 
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Radiation from the Hertz’ian Dipole 
Calculation  

and  
drawing by  

Heinrich  
Hertz 1889 

1 

2 3 

4 
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Radiation from a Hertz’ian Dipole 

Original drawing by 
Heinrich Hertz 

Computer Simulation 
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Radiation from the Hertz’ian Dipole 
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Focused Beam Antenna – Heinrich Hertz 1887 

cylindrical parabolic refelctors 

receive antenna  
with detector 

oscillator with  
transmit antenna 
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UWB in Karlsruhe by Heinrich Hertz anno 1887 

Courtesy Magdy Iskander   
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A. Righi: Quasi-Optics Experiments 

  modified in 1894 Hertz s radiator dipole by a three spark gaps instead of single 
one and generated radiation with wavelengths 20 cm and 2.6 cm 

  he mentioned that he got the idea from the Geneva physicists De la Rive and 
Sarasin (their work is also referred to by Bose in one of his papers) 

  also used parabolic reflector 
  generated wavelengths much less than Hertz s generation 
  claimed to have generated wavelengths as small as 26 mm 

* 27. August 1850 in Bologna; † 8. Juni 1920in Bologna, Italy 
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P. N. Lebedev  

  in 1895 experimentally studied wavelengths of 6 mm; the dimensions of his 
components were 100 times smaller than Hertz’s components 

  the radiator developed was following Righi s one  
  he developed wire polarizer, metallic reflector, phase shifter 
  Russians claim that Lebedev is the pioneer of mm waves 

*24 February 1866, Moscow; † 1 March 1912, Moscow, Russia   
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Oliver Lodge 
*12. Juni 1851, Penkhull Staffordshire, † 22. August 1940 Wilmsford, UK 

  postulating a wave-bearing medium filling all space 

"Modern Views of Electricity" (1889) 
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 Lodge s wave guide radiator with  
 circular cross-section 

Oliver Lodge 

  Oliver Lodge in 1894 first proposed a waveguide type feed by placing a wire 
radiator inside a section of circular copper pipe closed at one end and open at 
the other and generated wavelengths 7.5 cm and 20 cm  

Courtesy Animesh Maitra 
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Wideband Antennas by Oliver Lodge  

H.G. Schanz, A Brief History of UWB Antennas, IEEE A&E,Systems Magazine, April 2004 

1989 1989 
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Ian Flemings Open Wave Guide Antenna 

  J. A. Fleming in 1900 generated radiation of wavelength 20 cm and experimen-
ted with a rectangular-box feed, which could be a prototype of rectangular 
waveguide  

* 28. Mai 1908 in London; † 12. August 1964 in Canterbury, England 

Courtesy Animesh Maitra 
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Christian Hülsmeyer, Inventor of the Radar 1904 

Quasi monostatic system with single frequency
operation, tunable PRF, 1m wave length,

a: Support structure
b: Cardian joint azimuth
c: Cardian joint elevation
d: Induction coil
h: Spark gap
t: Large metellic disc to reduce coupling

between transmit and receive

Transmitting Arial:

m: Concave Mirror
l: Projection Case

Receiving Arial 'o':

Cage Arrangement
n: Reflector

*25. Dec. 1881 in Eydelstedt, Niedersachsen; † 31. Januar 1957 in Ahrweiler 

Drawing from Hülsmeyer‘s Patent 1904  
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Alexander Stepanowitsch Popov 

1895 
A.  Popov demonstrated his „Thunderstorm 
Recorder“ using arial, coherer and electro-
magnetic relay 
He succeeded in transmissions of „Heinrich 
Hertz“ waves over 250 m. 

*17.3.1859 in Turjinskije Rudniki, † 13.Jan.1906 in Sankt Petersburg, Russia 
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Ferdinand Braun: Places of Residence - Karlsruhe 

1883 Braun moved to the Polytechnic 
School in Karlsruhe where he became 
full Professor in  Physics. Here he was 
the pre-decessor of Heinrich Hertz.  

Fulda 

Berlin 

Würzburg 

Straßburg 

Marburg Leipzig 

Karlsruhe 

Tübingen 

*6.6.1850 in Fulda,Germany;  † 20.4.1918 Brooklyn, United States 
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First Resonant Circuits, Grounded Antennas 

to antenna 

to ground 

Braun resonant circuit coupled antenna Marconi direct fed antenna  

From F. Braun s lecture Drahtlose Telegraphie durch Wasser und Luft in WS 1900, pp. 7, 36 
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Coupled Resonant Circuits 
Equivalent circuit 

to antenna 

to ground 

Electromagnetic coupled antenna 

From F. Braun s lecture Drahtlose Telegraphie durch Wasser und Luft in WS 1900, pp. 37-38 
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Marconi - Braun: Transmitter+Receiver Comparison 

Marconi Braun 

At: Transmit antenna 
Ar: Receive antenna 
B1, B2: Batteries 
J:  Inductor 
F: Spark gap 
K: Coherer (Fritter) 
R: Relais 
 

At: Transmit antenna 
Ar: Receive antenna 
F:  Spark gap 
C:  Leyden Jar 
D:  Crystal detector diode 
T:   Receiving telephone 

Transmitter                    Receiver Transmitter                    Receiver 

F 
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Ferdinand Braun’s Most Important Inventions III 

On September 20, 1898 Ferdinand Braun discovered the transceiver with two coupled 
resonance circuits, which act as an impedance transformer allowing much higher power 
compared to Marconi's transmitter. Braun used also a loop aerial for transmission and 
reception of wireless signals. 
 
This was patented very quickly: Patent DRP 111578 of October 14, 1898 

Frequency Selective Communications (tuned circuits) 

Photo Deutsches Museum Figure from Braun s Nobel lecture 
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Closed Resonant Circuit with Air Transformer  
spark gap 

capacitors inductor coupled inductor 

Replica after Ferdinand Braun from year 1898 (Collection of Deutsches Museum, Munich) 

The Resonant Circuit with Air Transformer  is used for antenna matching to the spark source impedance 
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Relative Electromagnetic Energy Fed to Antenna 

From F. Braun s lecture Drahtlose Telegraphie durch Wasser und Luft in WS 1900, pp. 40 

Significant improvement by Braun‘s matching circuits, currents measured. 
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Range Comparison Inductive Coupling/Direct Feed 

From F. Braun s lecture Drahtlose Telegraphie durch Wasser und Luft in WS 1900, pp. 50 

Significant improvement of range coverage by Braun‘s matching circuits,  

Tx Rx 

P=Tx*Rx 

A
nt

en
na

 h
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ht
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ng

e 
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Ferdinand Braun’s Experiments 
Based on his  experiments with telegraphy in water and coupled circuits he built on 20. 
September 1898 first from the Physikalischen Institut in Straßburg to the vicinity then to 
Mutzig over 30 km a telegraphy link. 

These rather successful experiments led in Sept. 1900 to the establishment of a 62 km 
link at the North Sea from Cuxhaven to Helgoland, a world record at this time. From then 
on he concentrated on wireless telegraphy.

Equipment used Sept. 1900 for the 62km wireless connection Cuxhaven to Helgoland 

This equipment is in the Deutsches Museum in Munich. 



45 10.02.14 Institut für Hochfrequenztechnik  
und Elektronik IHE 

Ferdinand Braun Lecturing in Straßburg 
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Ferdinand Braun with his Team in Straßburg, 1910 
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History: 19. August 1906: Station of Telefunken at Nauen 
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Guglielmo Marconi 

1907 

*25. April 1874 in Bologna, † 20. July 1937 in Rome, Italy 

26. 4. 1900 Marconi is given the British Patent with the nice 
number 7777 for "Improvements in Apparatus for Wireless 
Telegraphy”. In this patent for the first time the four  subsy-
stems for the wireless Morse signs transmission were com-
bined: Morse apparatus, transmitter, antenna and receiver 

1899 Wireless connection from South Foreland Lighthouse 
to Wimereux 

20.7.1897 Forming of the Wireless Telegraph & Signal 
Company Limited (in 1900 re-named Marconi's Wireless 
Telegraph Company Limited) 

1896 Marconi rebuilds the Popov equipment for the 
detection of electrical signals and applies for a patent. 

1890 Research in wireless communication in Vile Griffone  
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Marconi‘s 1st  Transmitter with Grounded Dipole 

1895 
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Evolution of Marconi‘s Antennas from 1896 - 1906 

1 Salesbury  1896 
2 Glace Bay 1902, 75kW 
3 Glace Bay 1905, 150kW 
4 Clifden      1906 
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Marconi Radio Station at Poldhu 

12.12.1901, after 62 days of trials he connected the receive antenna to a kyte, flying 100m 
 high, and received signals „S“ from St. John's, Newfoundland, in Poldhu, Cornwall, over a  
distance of 2100 miles 

1902 



52 10.02.14 Institut für Hochfrequenztechnik  
und Elektronik IHE 

F. Braun – G. Marconi 

F. Braun- G. Marconi 
the Winning Team 

 
Nobel Prize 1909 

The Nobel Prize in Physics 1909 was awarded jointly to Guglielmo Marconi and 
Karl Ferdinand Braun "in recognition of their contributions to the development of 

wireless telegraphy" 
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53 

Ferdinand Braun shared the Nobel Prize for 
Physics in 1909 with G. Marconi: 

 
„In recognition of their contributions to the 

development of wireless telegraphy  

Nobel Prize Document of Ferdinand Braun 
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Antenna and Telegraphy Conference 1903 Berlin 
The first Antenna Conference? 
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Adolf Slaby 
*18. April 1849 in Berlin; † 6. April 1913 in Berlin, Germany 

  Major contribution with tuned antenna matching  
  and optimzation of antenna excitation  
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Historical UWB Antennas 

(no UWB) 

H.G. Schanz, A Brief History of UWB Antennas, IEEE A&E,Systems Magazine, April 2004 
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Wideband Antennas by Carter and Brillouin 

H.G. Schanz, A Brief History of UWB Antennas, IEEE A&E,Systems Magazine, April 2004 
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First Mobile Antenna ? 
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Dawn of the Communication Age - Key Figures !  

J.C. Bose 

A. Popov 

H. Hertz 

G. Marconi 

J.C. Maxwell H. von Helmholtz 

F. Braun Oliver J. Lodge
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Dawn of the Communication Age - Key Figures II  

Oliver Heaviside Adolf Slaby Ian Fleming 

P. N. Lebedev  A. Righi Sir William Watson 
Charles Augustin  

de Coulomb 

Francisco Salva  
Campillo 


