BY PAT LEGGATT

HOW RADIO BECAME WIRELESS

Part 1 — Laying The Theoretical Foundations

Introduction

form along the following lines. Michael Faraday in 1831 suggested that magnetic

and electric forces might be propagated through space as some sort of wave motion.
Clerk Maxwell in the 1860s gave a rigorous mathematical basis to this concept of electro-
magnetic waves. In 1888 the brilliant experiments of Heinrich Hertz demonstrated that
these waves did actually exist. And in the 1890s Guglielmo Marconi developed a wireless
communication system utilizing these Hertzian waves. This version of events should be
taken with a pinch of salt; not because it is untrue but because, as we all know, a bit of salt
helps to bring out the real flavour of things. In fact the background is rather more interest-
ing than the bare bones above would indicate.

It is common usage to speak of the electromagnetic activities around the early years

of the century as “Wireless,” and the later broadcasting developments as “Radio.” But I
suggest here that “wireless” is an abbreviation for “wire-
less telegraphy or telephony” and that “radio” is a better
term to describe the first investigations into radiation of
electromagnetic energy, before any thoughts of use for
communication had crystallised. So hence my title.
In the earlier decades of the nineteenth century, magnetic
and electric forces were supposed to act instantaneously
at a distance, a view prevalent in Continental Europe and
especially in Germany. But the obvious philosophical
difficulties inherent in instantaneous action at a distance
made this concept less acceptable to a few in the United
Kingdom, and to Michael Faraday in particular.

The story of the origins of radio has often been told, sometimes in rather simplified

Faraday’s Waves

In 1831 Faraday conducted a series of experiments on
the magnetic effects of electric currents, during which he
made his important discovery of electromagnetic induc-
tion, showing that an electric potential was induced in a
Michael Faraday conductor subjected to a changing magnetic field. In the

course of these experiments, Faraday came to the con-
clusion that magnetic and electrostatic forces were not instantaneously effective at a dis-
tance but required a finite time for their transmission.

We know now that electromagnetic energy is transmitted at the speed of light; but while
continuing his experiments into 1832, Faraday had no means of detecting or measuring the
very small time intervals necessary to confirm his theories. Furthermore he suggested, with
remarkable intuition, that transmission of such forces took the form of some kind of wave
motion.
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To establish his prior claim to the notion of wave motion,
Faraday deposited a written statement in a sealed envelope
with the Royal Society in 1832. The envelope was finally
opened more than a hundred years later, in 1937, by the then
President of the Royal Society, and found to contain, among
other things, the following statement: “I am inclined to com-
pare the diffusion of magnetic forces from a magnetic pole
to the vibrations upon the surface of disturbed water, or
those of air in the phenomenon of sound”.

Faraday, the son of a blacksmith, was a brilliantly imagi-
native experimenter and theoretician but had only self-
taught scientific education and no knowledge of mathemat-
ics. Because of this, his theories were regarded with some
disdain by many contemporary scientists. However there
was one young mathematician, James Clerk Maxwell, who
was most impressed by Faraday’s concepts of magnetic
fields and lines of force as set out in his paper Experimental
Researches in Electricity read to the Royal Society in 1851.

Maxwell’s Analysis

Maxwell already had an interest in this area, triggered James Clerk Maxwell
while he was at Cambridge by the ideas of William Thom-
son, afterwards to become Lord Kelvin; and Maxwell determined to submit Faraday’s con-
cepts to detailed mathematical analysis. As his studies continued he concentrated attention
on the possible nature of the medium through which electromagnetic forces could be prop-
agated, wishing to devise a mechanical model exhibiting appropriate characteristics. This
was a complex task, but by about 1862 he came up with a system of very minute rapidly
spinning eddies or vortices, each surrounded by a layer of even more minute particles re-
volving in a direction opposite to that of the vortices themselves.

The vortices, with their outer layers of particles, could interact with one another in a man-
ner analogous to a train of gear wheels, so that energy imparted to one vortex would be
transferred to others and so progress through the medium.

Maxwell devised this mechanical model as one which could exhibit the sort of behav-
iour necessary to embrace Faraday’s concepts of lines of force and wave-like transmis-
sion of energy; but it was a convenient model only, and he was not so fanciful as to sug-
gest that it represented anything much related to reality. Nevertheless it served his pur-
pose of enabling rigorous mathematical analysis, culminating in his 1864 paper to the
Royal Society, A Dynamical Theory of the Electro-Magnetic Field. One of Maxwell’s
main hopes had been to derive the electromagnetic nature of light and heat, and this was
triumphantly achieved in particular by one of the consequences of his theories that elec-
tromagnetic wave propagation would travel at a velocity very close to the value for the
speed of light which had been experimentally determined by others at the time.

So there it was, a rigorous and comprehensive theory of electromagnetic radiation for
which the term “radio” seems appropriate. In 1873 Maxwell produced a further work, his
Treatise on Electricity and Magnetism, which however did not add anything very signifi-
cant to his 1864 paper.

The Maxwellians

Maxwell’s analysis was deeply mathematical, making use of Hamiltonian quaternionic
calculus and high-order differential equations. At the time of his final publication in 1873,
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there were very few physicists with the intellectual ability
to understand it. Really there were only three of note:
Oliver Lodge and Oliver Heaviside in England, and the
Irish Professor George Francis FitzGerald of Trinity Col-
lege, Dublin.

In 1873 Oliver Lodge, then a student at University Col-
lege, London, attended a lecture by Maxwell at a meeting
of the British Association and obtained a copy of his Trea-
tise published in that year. Lodge did not get around to
studying this closely until 1876, but when he did he
quickly came to realise that Maxwell’s equations implied
not only the electromagnetic nature of light and heat, but
also that there could be a whole spectrum of radiations
with wavelengths both above and below those of visible
light. Lodge was probably the first to appreciate that such
electromagnetic waves could perhaps be generated electri-
cally; and in 1879, after Maxwell’s death, he began to give
serious attention to this possibility.

FitzGerald too was studying Maxwell’s theories at about
this time and, in a paper to the Royal Dublin Society in

Oliver Heaviside 1882, suggested that electromagnetic radiation of about 10

metres wavelength could be generated by discharging a
condenser (Leyden jar) through a circuit of very low resistance and low inductance. Fur-
thermore he clarified Maxwell’s analysis to the extent of showing that the equations also
led to the laws of reflection and refraction which had already been developed in the wave
theories of light. FitzGerald did not at this time experiment with generation of radiation,
since he had no means of detecting the waves even if they could have been generated.
Lodge was himself no mean mathematician but, recognising his friend FitzGerald’s even
greater ability, he encouraged the latter in his clarification and development of Maxwell’s
work.

Another physicist who contributed significantly in this way was Oliver Heaviside, now
best remembered for his 1902 theory of a reflecting ionised layer in the upper atmosphere
which, when physically verified some 20 years later, was named after him. Heaviside was
a first-class mathematician and was already interested in Maxwell’s papers. He re-formu-
lated much of the analyses in appreciably simpler terms,
changing Maxwell’s rather convoluted systems into nota-
tion of his (Heaviside’s) own devising. He developed his
own operational calculus and vector algebra and although
contemporary mathematicians found it difficult to grasp at
first, it is in this form that Maxwell’s equations are famil-
iar to students of today.

These three adherents and interpreters of the equations
called themselves “Maxwellians.” They were scientists,
and what was crucial to them was that the electromagnetic
radiation implicit in the equations indicated that the un-
satisfactory theories of instantaneous action at a distance
could be discarded. While the theoretical analyses were
their prime interest, they naturally hoped for experimental
verification of the real existence of such radiation and it
was Lodge who pursued this most effectively.

Oliver Lodge

Oliver Lodge was born in Staffordshire, England, in 1851,
the son of a pottery merchant. He received his scientific

George Francis FitzGerald education at University College, London and while there
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attended a lecture by James Clerk Maxwell showing that oscillatory electrical discharges
resulted in electromagnetic wave radiation propagating with the velocity of light. This fired
Lodge with an abiding interest in what was eventually to become “wireless.”

Lodge quickly rose to be an eminent physicist, gaining his D.Sc degree in 1877 and
being appointed Professor of Experimental Physics at the University College of Liverpool
in 1881. In 1887 he was elected Fellow of the Royal Society, the highest honour in British
science. He was knighted as Sir Oliver Lodge in 1902. He died aged 89 in 1940.

In 1887 Lodge undertook a series of investigations into lightning discharges and pro-
tection against them. He found by experiment that lightning flashes were oscillatory and
followed this up with further experiments involving spark discharges from Leyden jars. In
early 1888 he developed a famous experiment which he called the “recoil kick.”

This involved generating oscillations by discharge of a Leyden jar capacitor into a long
pair of wires and observing that a much greater spark would occur at the end of the wires
when they were of a suitable length. He correctly surmised that this was due to a standing
wave pattern along the wires with a voltage antinode at the end. Furthermore he understood
that this condition would be satisfied when the wires were a half-wavelength long (or a
multiple of this) and was thus able to determine experimentally the wavelength of the os-
cillations.

It can be seen therefore that he was conversant with
the principles of resonance and tuning—or syntony as he
called it—saying in 1888 “The natural period of oscilla-
tions in the wires will then agree with the oscillation pe-
riod of the discharging circuit, and the two will vibrate
in unison, like a string or a column of air resounding to
areed.” In an 1889 paper he wrote: “A Leyden jar dis-
charge can so excite a similarly-timed neighbouring
Leyden jar circuit as to cause the latter to burst its di-
electric if thin and weak enough. Put the circuits out of
unison by varying the capacity or by including a longer
wire in one of them; then although the added wire be a
coil of several turns, well adapted to assist mutual in-
duction as ordinarily understood, the effect will no
longer occur until the capacity is suitably diminished
and the synchronism thus restored.”

Although his experiments were largely confined to
oscillations along wires, Lodge knew well that the elec-
tromagnetic waves were propagated in the space sur-
rounding the wires rather than in the wires themselves.
He knew also, being familiar with Clerk Maxwell’s  Oliver Lodge
mathematical analysis, that the waves would be radiated
into space and travel at the speed of light. To quote him; “The oscillatory discharge of a
Leyden jar disturbs the medium surrounding it, carves it into waves which travel away into
space; travel with a velocity of 185,000 miles a second; travel precisely with the velocity
of light.”

Thus we can see that Lodge had demonstrated experimentally the existence of electro-
magnetic waves as predicted by Maxwell’s equations. But he had dealt only with waves
guided along wires, since he had not then devised any means of detecting such radiation in
free space.

In fact Lodge was not the first to observe electromagnetic waves along wires. In 1870
Wilhelm von Bezold observed such phenomena, detecting the waves by patterns formed
by dust particles under the influence of electrostatic fields. However he did not relate these
observations to Maxwell’s theories and his work attracted little notice.

— To be continued in the August issue.
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BY PAT LEGGATT

HOW RADIO BECAME WIRELESS

Part 2 —Theory Becomes Practice

In Part 1 of this story, published in the May, 1998 OTB, author Leggatt described the de-
velopment of the theoretical underpinnings for the propagation of radio signals. Part 1
ended with Oliver Lodge’s late-1880s experiments demonstrating the existence of electro-
magnetic waves. Now, in Part 2 (the conclusion), Leggatt reviews the emergence of a prac-
tical technology for using these waves to send and receive messages, ending with the de-
velopment of reliable wireless telegraphy in the early years of this century. —MFE

Heinrich Hertz

effective investigations being carried out by Heinrich Hertz in Germany. Hertz, the

son of a lawyer, was born in February 1857. At the age of seventeen he developed
a strong interest in and talent for oriental languages and almost decided to study for a ca-
reer as an orientalist.

However — and fortunately for the future of communications — he turned eventually
to science with a year’s course at Munich, transferring in 1878 to the University of Berlin.
Here he studied under Professor von Helmholtz, who gave much encouragement to one he
recognized as an outstanding pupil. Finally, having been awarded his Doctorate, Hertz was
appointed assistant professor at the Physics Institute of Berlin in 1880.

Hertz had been brought up in the “instantaneous-action-at-a-distance” school of thought,
but fairly early in his career he was introduced to Maxwell’s theories by his professor von
Helmholtz who encouraged him to attempt experimental

ﬁ t the same time as Lodge was undertaking his experiments, there were even more

~y

proof of Maxwell’s postulated “displacement current” in air
7 ) or empty space. Hertz did not immediately take this up, but
g he was intrigued by the possibility that the concepts of dis-
placement currents and electromagnetic waves could funda-

- mentally change “action-at-a-distance” theories.

A few years later he had been appointed Professor at the
Technical High School at Karlsruhe and found there in a
collection of old physical apparatus a pair of Knockenhauer
Spirals, flat coils wound in wooden frames. Experimenting
casually with these, he noticed that discharging a Leyden jar
through one of the coils gave rise to a small spark across the
open terminals of the other some distance away. This re-
vived his earlier interests and he began to devote effort to
theoretical clarification of Maxwell’s equations. He became
increasingly convinced that the equations could indeed give
the true explanation of electric and magnetic field phenom-
ena, and by 1884 he wrote “I think we may infer without

Heinrich Hertz error that if the choice rests only between the usual system
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of electromagnetics and Maxwell’s, the latter is certainly to
be preferred.”

But the physical existence of electromagnetic waves, and
especially their finite velocity of propagation, needed to be
established by practical demonstration, so Hertz undertook a
series of experiments culminating in the famous ones of
1887/88 which proved the point beyond all doubt. It is true
that others before him had, rather accidentally, observed
electromagnetic radiation, notably Mahlon Loomis in Amer-
ica in 1872 and David Hughes in England in 1879, but nei-
ther of them understood what was happening or were famil-
iar with Maxwell’s work.

Hertz’s investigations into the subject had involved gen-
eration, detection and measurement of waves in free space,
rather than along wires. Lodge generously acknowledged
that Hertz’s experiments were superior to his own and a more
convincing proof of the validity of Clerk Maxwell’s theories.

After his experiments Hertz undertook further theoretical — David Edward Hughes
interpretation and development of the Maxwell concepts,
much helped by his correspondence with FitzGerald, Lodge and Heaviside which revealed
significant earlier work by these Maxwellians which he had not previously heard of. Hertz’s
papers in 1890 were particularly important in the field of theoretical physics and were in-
fluential in setting the scene for the later achievements of Lorentz and Einstein. Hertz died
in 1894 at the early age of thirty six.

Hertz was not primarily an experimentalist seeking to demonstrate the existence of elec-
tromagnetic waves. He was a theoretical physicist who conducted his famous experiments
as a means of justifying his firm conclusion on a matter of fundamental scientific impor-
tance. The waves were not important to Hertz for their own sake: he saw them simply as
affording proof that Maxwell’s equations gave the true picture and that hitherto accepted
theories of “action-at-a-distance” must therefore be regarded as obsolete.

The three “Maxwellians,” Lodge, FitzGerald and Heaviside, were of a like mind. They
were satisfied with the fact that Hertz had experimentally demonstrated the real existence
of electromagnetic radiation, and neither they nor Hertz
himself concerned themselves with any possible practical
applications such as communication.

Someone soon did however, in the shape of Richard
Threlfall who, as President of the Australasian Association
for the Advancement of Science, proposed in 1890 using
Hertzian waves for communication purposes. But no one
else saw this as a practical proposition at the time, the range
of a few yards achieved by Hertz in his Karlsruhe laboratory
not seeming to promise very much.

Wireless Begins With Marconi

Five or six years went by with nothing very significant
happening until Hertz’s death in 1894. But ironically there
was one further event involving Hertz which had a most pro-
found impact. In that year the 20-year-old Guglielmo Mar-
coni, on holiday in the Italian Alps, read an obituary de-
scribing the work of Hertz. He was immediately inspired to
consider whether Hertzian waves might not form the basis of ~ Guglielmo Marconi
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a wireless telegraph communication system, and dedicated himself to this idea for the rest
of his life.

At the end of his holiday Marconi returned to the family home in the Villa Griffone near
Bologna, and at once commenced experiments in his attic workshop where he had long
since occupied himself with the electrical devices which had fascinated him from boy-
hood.

It is a well-known story how Marconi improved his apparatus and techniques to achieve
greater and greater ranges during 1894/95; how he came to England in 1896 to make fur-
ther progress; and how he spanned the Atlantic with the letter “S” in Morse in 1901. This
story need not be told again here, but Marconi’s relationship with Oliver Lodge is perhaps
less well known and may usefully be described.

Lodge and Coherers

Although it was Hertz who first contrived to demonstrate the existence of electromag-
netic waves in free space and that they exhibited reflection and refraction in the same way
as light, it is true to say that Lodge knew and understood as much or more about the nature
and behavior of the waves than anyone else in the latter years of the 19th century.

As already mentioned, Lodge was thoroughly conversant with resonance and tuning, and
he also well understood the principles underlying radiation from antennas of various con-
figurations. Although he knew that waves must be radiated into free space, he lacked any
means of detecting them; and it was use of the crude, but
just adequate, resonant spark gap detector that enabled

Hertz to effect his splendidly successful experiments.

But in 1889, the year after Hertz’s demonstrations,
Lodge made a discovery which was to prove a crucial step
forward on the path to a practical wireless communication
system. During his investigations into lightning and the
analogous effects of spark discharges from Leyden jars,
Lodge observed that two iron spheres or other metal sur-
faces in very close proximity would at times fuse together
to form a conducting path when subjected to a Hertzian
wave pulse. He called this arrangement a “coherer,” saying
that it formed “an astonishingly sensitive detector of Hertz-
ian waves.”

Later, in 1893, he was made aware of the work of
Edouard Branly in France who had observed similar co-
hering effects with a glass tube filled with metal filings.
Lodge immediately tried this for himself and found it very
much more sensitive than his own iron spheres. In fact the

Edouard Branly . phenomenon of coherence resulting from nearby spark dis-
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charges had been independently noticed by others some
years earlier, including Guitard in 1850, Varley in 1866 and Onesti in 1874; but these pre-
decessors had not in fact ascribed the effects to Hertzian waves, and neither had Branly in
his 1890 experiments.

Branly was upset that his name “radioconducteur” was superseded by Lodge’s “co-
herer,” but the latter became standard usage. In 1902 Lodge, in conjunction with Alexan-
der Muirhead, invented a new form of coherer in which a knife-edged steel wheel grazed
the surface of a small pool of mercury covered with a film of oil. An incoming radio pulse
ruptured the thin oil film and allowed low-resistance contact between the steel and the mer-
cury. This type of coherer was at least as sensitive as any other and a good deal more sta-
ble in operation.

Lodge did not at the time attempt to put his coherers to practical use, but Marconi used
a filings version in his early apparatus. It was this, plus the use of elevated antennas and
connection to earth, which enabled Marconi to develop and steadily improve his equipment
to the point where it could be seen as a viable wireless communication system.
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Lodge Versus Marconi

Marconi came to England in 1896 as a young man of nearly 22, with little theoretical
knowledge of wireless principles but brim full of enthusiasm and dedication. He had a flair
for publicity and in December gave a demonstration to members of the public, carrying a
black box round the audience which rang a bell whenever a key at the end of the hall was
depressed. Representatives of the press were present and the next day Marconi was head-
line news, hailed as the inventor of wireless.

In fact Marconi was always quite modest and did not claim to be an inventor but rather
that he “took up other people’s ideas and inventions and improved them.” But Lodge, and
other scientists who had made significant contributions in the field, was naturally indignant
about the adulation of a young Italian upstart. Lodge may thus be forgiven his testy com-
ment in later years that “It was stale news to me and to a few others” but he then added more
generously “But whereas we had been satisfied that it could be done, Marconi went on en-
thusiastically and persistently till he made it a practical success.”

Another area of interplay between Marconi and Lodge was tuning. As already men-
tioned, Lodge had a full understanding of the principles of resonance and tuning and in May
1897 he applied for a patent on his “syntony” ideas.

Tuning, and the resultant ability to separate one transmission from another, was of
course a vital necessity for the development of Marconi’s wireless system and he tried
many different circuit arrangements with gradually increasing success. Finally in 1900 his
famous “four sevens” patent was granted.

It may appear strange that he was granted this patent when Lodge had registered his
some years earlier; but it seems that it was not considered that one infringed the other, and
it was ruled in court that the two were complementary rather than duplications. Neverthe-
less the existence of Lodge’s patent was seen as an embarrassment by

the Marconi Company, especially when its validity was extended in .
1911 by a further seven years. Accordingly Marconi’s negotiated i
with Lodge and bought up his patent for a considerable sum. j

The Lodge-Muirhead Syndicate

Another source of rivalry was the appearance of the Lodge-Muir-
head Syndicate with a competing wireless telegraphy system. Al-
though Lodge was basically uninterested in commercial exploitation
of his Hertzian wave experiments and discoveries, such a thing was
suggested to him by Dr. Alexander Muirhead after he had attended
one of Lodge’s lectures in 1894. This eventually resulted in forma-
tion of the Lodge-Muirhead Syndicate in which Lodge provided the
scientific ideas and Muirhead — a very able telegraph engineer —
the design of practical equipment.

By 1903 the Syndicate was ready with a well-designed and effec-

tive system incorporating the Lodge steel-mercury coherer, but they  Alexander Muirhead

found themselves up against the Marconi Company’s United King-

dom coastal station monopoly, which they had negotiated with Lloyds of London from
1901, and the Company’s contracts with many shipping lines for exclusive use of Marconi
equipment and operators.

Faced with this situation, the Syndicate could find only limited markets in the military
field and in a few overseas countries. So despite its technical excellence, the Lodge-Muir-
head system was not a commercial success and was wholly bought out by the Marconi
Company in 1911, together with the Lodge tuning patent referred to above. As part of the
deal, Lodge was appointed Scientific Adviser to the Marconi Company, but it is not on
record that his advice was ever sought!

So by the early years of the 20th century, wireless telegraphy was well established and
went on with ever increasing development up to the new “radio” era of the 1920s; and be-
yond this to the all-pervading presence we experience today.
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