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The 3000-year road
to modern radio science

Historical milestones:

Amber and lodestone

Static electricity and magnetism
Electromagnetics

Wireless communications
International collaboration: URSI



Thales and Lucretius

Peregrinus and Gilbert

Franklin and Coulomb

Volta, @rsted, Ampere

Faraday and Maxwell

Hertz, Popov, Marconi




Thales (624—546 BC)
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Petrus Pe regri NUus Part 1: 10 chapters (magnets)

Part 2: 3 chapters (compass and
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Epistola de magnete




William Gilbert
1544-1603

Traltatus, five Phyfiologia Nova

MAGNETE,

Magneticifq; corporibus & magno
Magnete tellure, fex libris comprehenfus,

aGuictierno GirsexrTo Colces
ftrenfi, Medico Londinenfi,

In quibus ea, qua adbanc materiam  [pectant, plurimis
& Argumentis 1 experimentis exaltiffime abfobatiffi.
med, trallantur & explicantur.
Omnizlt nun c;;lﬁligcnl:ct recognita,& emendatius quam ante
inlucem edita, an&a & figurisillaftrata, & ftudio D.
WoLrGaNGI ﬁné:iua:t:, ?Pafr D. °
& Matbematict.
Ad calcem ibri adiunéus oft Index capivum , Rerum 35 Verborum
locupletifsimus, qui inpriare edizione defiderabasue.

SEDINI,

Typs GOTZIANTIS:;
Axxo M. DC. xxxi11,

FAC-SIMILE TITLE PAGE OF GILBERT'S ‘‘ DE MAGNETE,” THIRD EDITION,



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 Il: On Magnetick Motions

e Book Ill: On Direction (turning towards
magnetic poles)

* Book Illl: 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 Il



Stephen Gray
(1666—-1736)
Conduction of electricity

T'he firft Experimnent wasmade in the marted Gallery
Yuby 2, 1729, about Ten inthe Morning. Abow four
Feet from the End of the Gallery there was a erofs
Linc that was fixed by its Ends to each Side of the
Gallery by rwo Nalsg the middle Part of the Line
was Silk, the reft at each End Packthread ; then the
Line to which the Ivory Ball was hung, and by which
the Eleétrick Vertue was to be conveyed to it from
the ‘Tube, being -:i?_htjr Fect and a halt in Length,
wis laud on the crols Silk Line, o as that the Ball
hung about nine Feet below it : "Lhen the other End of
the Line was by a LWT {ufpended on the Glafa Cane,
and the Lﬂ?llirnl'u helg III'I(F:I’ the Ball on a Picce of
white Paper 3 when the Tube being rubbed, the Ball
attradted the Leaf-Brafp, and kept i:t%ullmndr.-d on it for
fome Time. .




Electricity in the
18th century




Leyden jar
Ewald Jiirgen von Kleist (Pommer 1745)

Pieter van Musschenbroek (Leyden 1746)
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Leyden jar ... excellent capacitor



J/ AET7665544B
v Fescie RADED 1

T

Benjamin Franklin
(1706—1790)

The Autobiography and Other Writings



Alessandro Volta
(1745-1827)
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Fig. 283. — Pile de Volta.



THE

PHILOSOPHICAL MAGAZINE.

SEPTERMBER 1800.

Y. On the Elegricity excited by the mere Contall of condulling
Subflances of different Kinds. In a Letter from Mr. ALEX~
ANDER VorTA, F.R.S. Profeffor of Natural Philofcphy
in the Univerfity of Pavia, to the Right Hon. Sir JOSEPI
Banks, Bart. K.B, P.R.S.*

Como in the Milanefe, March 20, 1800
.AFTER a long filence, for which I fhall offer no apology,
I have the pleafure of communicating to you, and through
you to the Royal Society, fome firiking refults I have ob-
tained in purfuing my experiments on electricity excited by
the mere mutual contact of different kinds of metal, and
even by that of other condulors, alfo different from each
other, either liquid or containing fome liquid, to which they
are properly indebted for their conducting power. The prin-
cipal of thefe refults, which comprehends nearly all the reft,
is the conftru&ion of an apparatus having a refemblance in
its effects (that is to fay, in the fhock it is capable of making
the arms, &ec. experience) to the Leyden flafk, or, rather, to
an electric battery weakly charged acting inceffantly, which
fhould charge itfelf after each explofion; and, in a word,
which fhould have an inexhauftible charge, a perpeiual ac«
tion or impulfe on the electric fluid ; but which differs from
it effentially both by this continual action, which is peculiar

* Tranflated from the author’s paper publithed in French in the Phi-
lofophical Tranfactions for 1800, part 2.

Vor. VII, Pp 10




Hans Christian Orsted (1777—-1851)

July 1820




EXPERIMENTA

CIRCA EFFECTUM
CONFLICTUS ELECTRICI IN ACUM

MAGNETICAM.

R-ima experimenta circa rem, guam illustrare aggredior, in scholis de Electricitate,
Galvanismo et Magnetismo proxime-superiori hicme a me habitis instituta sunt.  His
cxperimentis moustrari videbatur, acum magneticam ope apparatus galvanicl e situ

moveri; idque circulo galvanico cluso, non aperto, ut frusira tentaverunt aliquot

Dabam Hafnie d. 2ide Julii 1820.

Johannis Christianus Orsted.

Eques auratus Ordinis Dannebrogici, iu Universitate Haf
miensi Prof, Physices Ord, Secretarins Societatis
Regimw Scieatiaium Hafntensis.



THEORIE

DES

PHENOMENES ELECTRO-DYNAMIQUES,

UNIQUEMENT DEDUITE DE L'EXPERIENCE,

Pin Anpri-Manie AMPERE,

DE L'ACADEMIN ROVALE DES SOIENOBS , DE LA SOCIETE PETLOMATIQUE, DE LA
SOCIETE ROTALE D'EDIMBOURG, DE LA S0CIETE MELVETIENNE DES SCAU-
TATEURS DE LA NATOURE, DE LA $0CIETE PHILOSOFHIQUE DE CAMBRIDGE,
DE CELLE DE FAYSIQUE ET D'RISTOIRE NATUAELLE DE GENEVE, DE L'AGA-
DEMIE BOYALE DES SCIENCES ET BELLES-LETTAES DE BAUXELLES ET DE
L'ACADEMIE ROTALE DE LISBONNE, CHEVALIER DE Li LEGION-D HONNEUR,
PROFESSEUR A L'ECOLE POLYTECHNIQUE ET AU COLLEGE DE PRANCE.

A PARIS,
Caezr MEQUIGNON-MARVIS, Lisnume-£piTEvn, RUE DU JARDINET, §° 13,
Et A BRUXELLES, av pisdT CENERAL DE LIBRAIAIE MEDICALE FRANGAISE.




Michael Faraday (1791-1867)

e electromagnetic induction (1831)

* Faraday law, Faraday cage, Faraday

rotation, generator, rotator, OB
permittivity, electrochemistry, VXE=——
diamagnetism, concept of field 81‘
oD
EMF =———
ot




— full interaction of electricity and magnetism—

E->M M-E



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

10 EUF

SiLBER 625

* experiments 1888: electromagnetic waves
as light

e except: through walls and past corners

* a dipole radiates well, especially when
half-wave

e fast current variations? oscillating spark!



Hertz” experiments 1887—-88

50 MHz (inductor + “dipole antenna”)
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Towards wireless:

* Optical telegraph

* Resistive telegraph
e conduction of electricity

* Inductive telegraph
* induction (electro/magnetostatic)

* Electromagnetic telegraph
* radio waves



Claude Chappe (1763—-1805
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Wired telegraph

e




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.




Detector of radio waves, coherer

e galvanometer

— not sensitive to AC =T
* loudspeaker ﬂ
\
— not sensitive to fast \ Wﬂm
variations FETe A5 v
iy 1 Y |"?l'1|.' AR :
YR
* Hertz spark gap \‘{5 AR
— weak sensitivity <

e 1890 Eduard Branly

* discharging Leyden jar reduces greatly the resistance of metal powder;
shaking restores the resistance

* 1892 Oliver Lodge

* (electric cohesion), (Branly: "radioconductor”)



Aleksandr Stepanovich Popov (1859-1906)

e was aware of the
experiments by Lodge

e 1895: receiver for
thunderstorm detection

VERTICAL ROD

BATTERY EARTH



Guglielmo Marconi
(1859—-1905)
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Over the Atlantic

e 12 December 1901

e Poldhu (Cornwall) — Signal Hill (Newfoundland)
2900 km !

Poldhu

Signal Hill




Towards international co-operation

e Maritime radio (Titanic 1912)
 Companies (de Forest, Telefunken, Marconi)

* Competition, interference
* need for administration and frequency allocation

* Belgium: King Leopold Il and King Albert |

e communications in Congo with radio links
* Dr. Robert Goldschmidt

* International Research Council 1919



1914: Commission provisoire international de télégraphie
sans fil scientifique

1919: Union international de radiotélégraphie scientifique

15t General Assembly: July 1922 Brussels
* Belgium
* France
* United Kingdom
« USA

Commissions in 1922:
* Measurement Methods and Standardization
* Radio Propagation
* Electromagnetic Field
* Radio Goniometry
* Atmospheric Disturbances
* Liaison with Operators, Practitioners, and Amateurs

« 2"d General Assembly: Washington D.C., 1927

* 11 Member Committees
* Wave propagation, ionosphere




* Commission A Electromagnetic Metrology
Fields and Waves
Radiocommunication Systems and Sighal Processing

e Commission D Electronics and Photonics

e Commission E Electromagnetic Environment and Interference
* Commission F Wave Propagation and Remote Sensing

* Commission G lonospheric Radio and Propagation

e Commission H Waves in Plasmas

Radio Astronomy
e Commission K Electromagnetics in Biology and Medicine



General Assembly (and Scientific Symposium) @}

* Scientific Programme: Progress + state of the art * 1% GA: Brussels (1922)
« 2" GA: Washington D.C. (1927)

* Science vs. technology ? d
* 3" GA: Brussels (1928)

 Commu nlty 4t GA: Copenhagen (1931)
* Global coverage, relations to sister Unions and ICS, * 5™ GA: London, UK (1934)
ITU, publications * 5t GA: Venice and Rome (1938)
e Awards
] . » 33rd GASS: Montréal (2017)
* Young Scientists Programme & Student Paper . 34t GASS: Rome (2021)
Competltlons » 35t GASS: Sapporo (2023)
 Membership issues (free, benefits, reduced fees, * 36" GASS: Krakow (2026)

correspondence, discounted page charges)



Member Committees Worldwide
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