
Paths from early origins of 
electricity to modern radio science

Ari Sihvola
President of the International Union of Radio Science

Aalto University, Finland

26 June 2025 



is a non-governmental and non-profit organisation
under the International Council for Science, 
responsible for stimulating and co-ordinating, on an 
international basis, studies, research, applications, 
scientific exchange, and communication in the 
fields of radio science



Historical milestones:

Amber and lodestone
Static electricity and magnetism
Magnetism from electricity
Electricity from magnetism
Electromagnetics
Wireless communications
Scientific radio and URSI



• Thales and Lucretius

• Peregrinus and Gilbert

• Franklin and Coulomb

• Volta, Ørsted, Ampère

• Faraday and Maxwell

• Hertz, Popov, Marconi



Static electricity



Thales (624–546 BC)

 electron



electricitas 
Elektrizität
electricidad
électricité
electricity
elektricitet 
eletricidade
электричество
elekter

sähkö

elettricità



Magnetism 

• IRON 

•Stone Age
•Bronze Age
•Iron Age

U.R.S.I.

Magnetite Fe3O4

Around 3500 BCE

Around 1200 BCE



Plinius the Elder (23–79 AD)
(Gaius Plinius Secundus)



Titus Lucretius Carus
(n. 99–55 eKr.)



Alexander Neckam
De naturis rerum (1180 ?)



Petrus Peregrinus
(Pierre de Maricourt)

Part 1: 10 chapters (magnets)
Part 2: 3 chapters (compass 

and perpetuum mobile)

Epistola 
Petri Peregrini
de Maricourt
ad Sygerum
de Foucaucourt
(1269)



Perpetuum mobile by Peregrinus



William Gilbert 
(1544–1603)



Tractatus sive Physiologia Nova de Magnete, magneticisque Corporibus, et de 
magno Magnete Tellure; sex libris comprehensus; plurimis & argumentis & 
experimentis demonstrata

• Book I: Ancient and modern writings on the
Loadstone

• Book II: On Magnetick Motions

• Book III: On Direction (turning towards
magnetic poles)

• Book IIII: On Variation (declination)

• Book V: On Declination (inclination)

• Book VI: On the Globe of the earth, the great
magnet (Earth rotation caused by magnetic
force)

• Of electricity only one chapter in Book II



back to electricity…

Otto von Guericke
(1602–1686)



• electricity experiments
• sulphur sphere as model of the Earth 
(cosmology)
• sparks





Dufay (1698–1739)
(Charles François de Cisternay du Fay)

two-electricity theory:
vitreous and resinous

(+) glass, wool, silk, paper, amber, resin, metals, sulphur (-)



Stephen Gray 
(1666–1736) 

Conduction of electricity



Electricity in the
18th century



Leyden jar

Ewald Jürgen von Kleist 
(Pommer 1745)

Pieter van Musschenbroek
(Leyden 1746)



Leyden jar --- excellent capacitor



Benjamin Franklin 
(1706–1790)



Alessandro Volta 
(1745–1827)





Hans Christian Örsted (1777–1851)

July 1820









André-Marie Ampère (1775–1836)



Michael Faraday (1791–1867)

• electromagnetic induction (1831)
• Faraday law, Faraday cage, Faraday

rotation, generator, rotator, 
permittivity, electrochemistry, 
diamagnetism, concept of field t
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Faraday’s law:
Differential form

Stokes’s law

Macroscopic form
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Transformer Primary 
winding

Secondary 
winding



E → M               M → E 

— full interaction of electricity and magnetism—

E
M



James Clerk Maxwell (1831–1879)
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Heinrich Hertz 
(1857–1894)

• experiments 1888: electromagnetic waves
as light

• except: through walls and past corners
• a dipole radiates well, especially when

half-wave
• fast current variations? oscillating spark!



Hertz experiments 1887–88

50 MHz (inductor + ”dipole antenna”)

into UHF frequencies
(200–500 MHz):
reflection, interference





Wired telegraph



Towards wireless:

• Optical telegraph
• Resistive telegraph

• conduction of electricity
• Inductive telegraph

• induction (electro/magnetostatic)
• Electromagnetic telegraph

• radio waves



Claude Chappe (1763–1805)





Resistive telegraph
• Karl Steinheil 1838: conduction of 

electricity on ground
• attenuation 1/r2

• grounded electrodes

• Samuel Morse (1791–1872), resistive
connection: water (over Susquehanna
river, 1,5 km)



Inductive telegraph

• Joseph Henry (1797–1878): magnetic induction: 
attenuation 1/r2 (like the volume current field)



William Henry Preece (1834–1913)
Chief Electrician of British Post Office

The Americans have 
need of the telephone, 
but we do not. 
We have plenty of 
messenger boys.



Heinrich Hertz to Heinrich Huber (1889) 

But the vibrations of the transformer and the 
telephone are far too slow. Even if we had a 
thousand vibrations per second, the 
wavelength in the ether would be 300 
kilometers, and the focal length of the 
mirrors required would be about the same. If 
you could build a concave mirror the size of 
a continent, you could set up an 
experimental arrangement, but in practice 
you can't do that…



Detector of radio waves — coherer
• galvanometer

– not sensitive to AC

• loudspeaker
– not sensitive to fast

variations

• Hertz spark gap
– weak sensitivity

• 1890 Eduard Branly
• discharging Leyden jar reduces greatly the resistance of metal powder; 

shaking restores the resistance

• 1892 Oliver Lodge
• (electric cohesion), (Branly: ”radioconductor”)



Guglielmo 
Marconi 
(1874–1937)

© Fondazione Guglielmo Marconi



Guglielmo Marconi       
(1874–1937)



Aleksandr Stepanovich Popov (1859–1906)

• was aware of the
experiments by Lodge

• 1895: receiver for 
thunderstorm detection



Over the Atlantic 
• 12 December 1901 
• Poldhu (Cornwall) – Signal Hill (Newfoundland) 

2900 km !
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Towards international co-operation

• Maritime radio (Titanic, 1912)
• Companies (de Forest, Telefunken, Marconi)
• Competition, interference

• need for administration and frequency allocation

• Belgium: King Leopold II and King Albert I
• communications in Congo with radio links
• Dr. Robert Goldschmidt

• International Research Council 1919




