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o From the beginning of civilization, man has attempted to
communicate with fellow man over long distances.
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o From the beginning of civilization, man has attempted to
communicate with fellow man over long distances.

® Pigeons were used in ancient Greece to send messages such as the
outcomes of the Olympic Games going back to the eighth century
BC.
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Introduction

@ From the beginning of civilization, man has attempted to
communicate with fellow man over long distances.

e Pigeons were used in ancient Greece to send messages such as the
outcomes of the Olympic Games going back to the eighth century
BC.

e The kings of Persia ruled their empire through a relay system of
horseback couriers. According to the great historian Herodotus,
these couriers could deliver messages over a distance of 1600 miles
in just nine days.

Frame # 2 Slide # 4 A. Antoniou On the Roots of Wireless Communications



Introduction

@ From the beginning of civilization, man has attempted to
communicate with fellow man over long distances.

e Pigeons were used in ancient Greece to send messages such as the
outcomes of the Olympic Games going back to the eighth century
BC.

e The kings of Persia ruled their empire through a relay system of
horseback couriers. According to the great historian Herodotus,
these couriers could deliver messages over a distance of 1600 miles
in just nine days.

@ In another part of his histories, describing the advance of the
Persian army towards Athens in 480 BC, Herodotus recounts that
“When the Greeks stationed at Artemisium learned what had
happened by fire signals from Skiathus, they were terrified and
retreated to Chalcis so that they could guard the Euripus strait”.
(See [Waterfield, 1998].)
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e The rapid advancements made in understanding the properties
of electricity during the 1800s caused many scientists,

engineers, and innovators to explore its application in
numerous and diverse areas of endeavor.
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Introduction Cont'd

e The rapid advancements made in understanding the properties
of electricity during the 1800s caused many scientists,
engineers, and innovators to explore its application in
numerous and diverse areas of endeavor.

e A collection of these people began to explore the design and
construction of wired and wireless telegraph systems.
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Introduction Cont'd

e The rapid advancements made in understanding the properties
of electricity during the 1800s caused many scientists,
engineers, and innovators to explore its application in
numerous and diverse areas of endeavor.

e A collection of these people began to explore the design and
construction of wired and wireless telegraph systems.

e This presentation will deal with some of the highlights of the
key discoveries and inventions as well as the key players
involved that led to what we call today wireless
communications.
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Introduction Cont'd

e The rapid advancements made in understanding the properties
of electricity during the 1800s caused many scientists,
engineers, and innovators to explore its application in
numerous and diverse areas of endeavor.

e A collection of these people began to explore the design and
construction of wired and wireless telegraph systems.

e This presentation will deal with some of the highlights of the
key discoveries and inventions as well as the key players
involved that led to what we call today wireless
communications.

e Two groups of people played a key role in the emergence of
wireless communications, the discoverers and the innovators.
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The key scientific discoveries were made by

Michael Faraday (1791-1867)

William Thomson (Lord Kelvin) (1824-1907)
James Clerk Maxwell (1831-1879)

Heinrich Rudolf Hertz (1857-1894)
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e Faraday started his professional life as a bookbinder’s
Circus.

apprentice in the center of London not far from Piccadilly
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Faraday

e Faraday started his professional life as a bookbinder’s
apprentice in the center of London not far from Piccadilly
Circus.

e He acquired his early education by reading the books he had
to bind as part of his employment and kept reading for the
rest of his life.

His formal education was minimal, less than five or six years.
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Faraday

e Faraday started his professional life as a bookbinder’s
apprentice in the center of London not far from Piccadilly
Circus.

e He acquired his early education by reading the books he had
to bind as part of his employment and kept reading for the
rest of his life.

His formal education was minimal, less than five or six years.

e His break in life came about when a very famous chemist of
the 1800s by the name of Humphry Davy appointed him as
his assistant.

Davy discovered chlorine, iodine, the miner's safety lamp, and
many other things.
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o Faraday had little knowledge of mathematics but as Davy’s assistant

he became the consummate experimentalist in due course.
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Faraday cont'd

e Faraday had little knowledge of mathematics but as Davy’s assistant
he became the consummate experimentalist in due course.

e Early in his career, he meticulously explored many phenomena
pertaining to chemistry but later on he began to study the
properties of electricity and magnetism for the Royal Institution
where he worked.
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e In 1821, Faraday demonstrated the relationship between electric
current and magnetism, i.e., Faraday’s law, by constructing a
so-called rotator which was essentially the first induction motor.
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Faraday cont'd

e In 1831, he showed that a changing current in a coil of wire would
induce a current in a nearby coil of wire, which is the basis of the
transformer (See [Hirshfeld, 2006]).

Faraday's induction ring.
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e Thomson graduated from Cambridge University having
studied physics and mathematics.
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e Thomson graduated from Cambridge University having
studied physics and mathematics.

e He read Faraday’s seminal paper Experimental Researches in

Electricity [Royal Society of London, 1932] and was surprised
to find no equations in it.
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Thomson

e Thomson graduated from Cambridge University having
studied physics and mathematics.

e He read Faraday's seminal paper Experimental Researches in
Electricity [Royal Society of London, 1932] and was surprised
to find no equations in it.

e Around 1845, having read and understood Fourier's work on
heat transfer, he noted an analogy between the properties of
heat and those of electricity.
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Thomson

Frame # 10

Thomson graduated from Cambridge University having
studied physics and mathematics.

He read Faraday's seminal paper Experimental Researches in
Electricity [Royal Society of London, 1932] and was surprised
to find no equations in it.

Around 1845, having read and understood Fourier's work on
heat transfer, he noted an analogy between the properties of
heat and those of electricity.

With his strong mathematical skills, he was able to apply
Fourier's heat-transfer equations to characterize Faraday’s
lines of force around an electrically charged object.
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Thomson

Frame # 10

Thomson graduated from Cambridge University having
studied physics and mathematics.

He read Faraday's seminal paper Experimental Researches in
Electricity [Royal Society of London, 1932] and was surprised
to find no equations in it.

Around 1845, having read and understood Fourier's work on
heat transfer, he noted an analogy between the properties of
heat and those of electricity.

With his strong mathematical skills, he was able to apply
Fourier's heat-transfer equations to characterize Faraday’s
lines of force around an electrically charged object.

Many years later, Thomson was knighted by queen Victoria as
Lord Kelvin for his work on the first transatlantic cable.
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® Like Thomson, Maxwell studied physics and mathematics at

Cambridge University and was acquainted with Thomson as well as
Faraday both personally and professionally.
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Maxwell

® Like Thomson, Maxwell studied physics and mathematics at
Cambridge University and was acquainted with Thomson as well as
Faraday both personally and professionally.

e He worked on an extension of the mathematical formulation of
Thomson on Faraday's hypothetical magnetic lines of force and in
1855 and 1856 he delivered a two-part paper to the Cambridge
Philosophical Society on his results.
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Maxwell

® Like Thomson, Maxwell studied physics and mathematics at
Cambridge University and was acquainted with Thomson as well as
Faraday both personally and professionally.

e He worked on an extension of the mathematical formulation of
Thomson on Faraday's hypothetical magnetic lines of force and in
1855 and 1856 he delivered a two-part paper to the Cambridge
Philosophical Society on his results.

® He showed that the behavior of electric and magnetic fields and
their interactions can be characterized very precisely by
mathematical equations.
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Maxwell

® Like Thomson, Maxwell studied physics and mathematics at
Cambridge University and was acquainted with Thomson as well as
Faraday both personally and professionally.

e He worked on an extension of the mathematical formulation of
Thomson on Faraday's hypothetical magnetic lines of force and in
1855 and 1856 he delivered a two-part paper to the Cambridge
Philosophical Society on his results.

® He showed that the behavior of electric and magnetic fields and
their interactions can be characterized very precisely by
mathematical equations.

e In 1862, he showed that the speed of propagation of an
electromagnetic field is approximately the same as the speed of light
and predicted that a relation must exist between light on the one
hand and electric and magnetic phenomena on the other.
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o Maxwell's mathematical characterization of electrical phenomena
the time, including Thomson.

was too complex to be appreciated by the scientific community of
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o Maxwell's mathematical characterization of electrical phenomena

was too complex to be appreciated by the scientific community of
the time, including Thomson.

® However, another self-taught engineer by the name of Heavyside
appeared on the scene.
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Maxwell cont'd

e Maxwell's mathematical characterization of electrical phenomena
was too complex to be appreciated by the scientific community of
the time, including Thomson.

e However, another self-taught engineer by the name of Heavyside
appeared on the scene.

e Unlike Faraday, Heavyside taught himself mathematics of
considerable sophistication.
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Maxwell cont'd

e Maxwell's mathematical characterization of electrical phenomena
was too complex to be appreciated by the scientific community of
the time, including Thomson.

e However, another self-taught engineer by the name of Heavyside
appeared on the scene.

e Unlike Faraday, Heavyside taught himself mathematics of
considerable sophistication.

@ He proposed an operational calculus for use in circuit analysis,
which was in use well into the 20th century before the general
adoption of the Laplace transform.
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Maxwell cont'd

Frame # 12

Maxwell's mathematical characterization of electrical phenomena
was too complex to be appreciated by the scientific community of
the time, including Thomson.

However, another self-taught engineer by the name of Heavyside
appeared on the scene.

Unlike Faraday, Heavyside taught himself mathematics of
considerable sophistication.

He proposed an operational calculus for use in circuit analysis,
which was in use well into the 20th century before the general
adoption of the Laplace transform.

By using the recently developed vector calculus during the late
1800s, Heaviside formulated Maxwell’s equations into the compact
set of equations we know today as Maxwell’s equations.
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Maxwell cont'd

Frame # 12

Maxwell's mathematical characterization of electrical phenomena
was too complex to be appreciated by the scientific community of
the time, including Thomson.

However, another self-taught engineer by the name of Heavyside
appeared on the scene.

Unlike Faraday, Heavyside taught himself mathematics of
considerable sophistication.

He proposed an operational calculus for use in circuit analysis,
which was in use well into the 20th century before the general
adoption of the Laplace transform.

By using the recently developed vector calculus during the late
1800s, Heaviside formulated Maxwell’s equations into the compact
set of equations we know today as Maxwell’s equations.

Soon after, Maxwell's equations caught the imagination of the
scientific community. Einstein described Maxwell's work as the most
profound and the most fruitful that physics has experienced since
the time of Newton.

Slide # 33 A. Antoniou  On the Roots of Wireless Communications



e Hertz received a PhD degree in physics from the University of
Berlin in 1880 having studied under the supervision of Gustav
Kirchhoff.
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e Hertz received a PhD degree in physics from the University of

Berlin in 1880 having studied under the supervision of Gustav
Kirchhoff.

e In 1885, at the age of 28, he was appointed Professor of
Physics at the Karlsruhe University.
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Hertz

e Hertz received a PhD degree in physics from the University of
Berlin in 1880 having studied under the supervision of Gustav
Kirchhoff.

e In 1885, at the age of 28, he was appointed Professor of
Physics at the Karlsruhe University.

e In 1887, he showed by experiment that electricity can be
transmitted by electromagnetic waves which travel at the
speed of light and which possess many of the properties of
light, e.g., reflection and refraction, as predicted by Maxwell.
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Hertz

e To demonstrate the properties of electromagnetic waves,
Hertz constructed a transmitter comprising an induction coil,
two large metal spheres which served as a capacitor, and a
spark-gap mechanism made from two brass knobs.

He also constructed a receiver using a loop of copper wire and
a spark-gap mechanism similar to that of the transmitter.
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e Like lightning, a strong spark would produce a wideband
electrical disturbance which would, in turn, induce some

current in the receiving copper loop but probably not
sufficiently strong to produce an observable spark.
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Experiment of Hertz Cont'd

e Like lightning, a strong spark would produce a wideband
electrical disturbance which would, in turn, induce some
current in the receiving copper loop but probably not
sufficiently strong to produce an observable spark.

e By using the two large spheres across the secondary of the
induction coil, Hertz formed, in effect, a parallel resonant
circuit (in today's language) which produced a transient
dumped sinusoidal oscillation.
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Experiment of Hertz Cont'd

Frame # 16

Like lightning, a strong spark would produce a wideband
electrical disturbance which would, in turn, induce some
current in the receiving copper loop but probably not
sufficiently strong to produce an observable spark.

By using the two large spheres across the secondary of the
induction coil, Hertz formed, in effect, a parallel resonant
circuit (in today's language) which produced a transient
dumped sinusoidal oscillation.

By selecting the sizes of the spheres and the distance between
them and adjusting the lengths of the spark gaps, Hertz was
able to tune the receiver to the transmitter and he was thus
able to obtain an observable spark at the receiver.
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Experiment of Hertz Cont'd

Frame # 16

Like lightning, a strong spark would produce a wideband
electrical disturbance which would, in turn, induce some
current in the receiving copper loop but probably not
sufficiently strong to produce an observable spark.

By using the two large spheres across the secondary of the
induction coil, Hertz formed, in effect, a parallel resonant
circuit (in today's language) which produced a transient
dumped sinusoidal oscillation.

By selecting the sizes of the spheres and the distance between
them and adjusting the lengths of the spark gaps, Hertz was
able to tune the receiver to the transmitter and he was thus
able to obtain an observable spark at the receiver.

It helped, of course, to perform the experiment in a dark room
and also use a magnifying glass to check for the fleeting spark!
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Experiment of Hertz Cont'd
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e Hertz's students were impressed and asked what this

marvelous phenomenon might be used for.
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Experiment of Hertz Cont'd

e Hertz's students were impressed and asked what this
marvelous phenomenon might be used for.

e '“This is just an experiment that proves that Maxwell was
right, we just have these mysterious electromagnetic waves
that we cannot see with the naked eye. But they are there.”
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Experiment of Hertz Cont'd

e Hertz's students were impressed and asked what this
marvelous phenomenon might be used for.

e '“This is just an experiment that proves that Maxwell was
right, we just have these mysterious electromagnetic waves
that we cannot see with the naked eye. But they are there.”

e "“So, what next?" asked one of his students.
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Experiment of Hertz Cont'd

e Hertz's students were impressed and asked what this
marvelous phenomenon might be used for.

e '“This is just an experiment that proves that Maxwell was
right, we just have these mysterious electromagnetic waves
that we cannot see with the naked eye. But they are there!

e "“So, what next?" asked one of his students.

e Hertz shrugged. A modest man of no pretensions and,
apparently, little ambition, he replied: “Nothing, | guess.”
[Hertz, Heinrich Rudolf].
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The Innovators

With the verification of Maxwell’s prediction, a group of illustrious
innovators appeared on the scene determined to exploit the
properties of electromagnetic waves.

There were many such individuals but four of them left a
substantial legacy:

o Tesla (1856-1943)

e Marconi (1874-1937)
e Fessenden (1866-1932)
e De Forest (1873-1961)
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e Tesla was a Serbian who emigrated to the US early in 1884 at
the age of 28.
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e Tesla was a Serbian who emigrated to the US early in 1884 at
the age of 28.

e He dedicated his life to the generation, transmission, and
utilization of electrical energy.
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Tesla was a Serbian who emigrated to the US early in 1884 at
the age of 28.

He dedicated his life to the generation, transmission, and
utilization of electrical energy.

He invented single-phase and multi-phase alternators and
induction motors.
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Tesla

e Tesla was a Serbian who emigrated to the US early in 1884 at
the age of 28.

e He dedicated his life to the generation, transmission, and
utilization of electrical energy.

e He invented single-phase and multi-phase alternators and
induction motors.

e We use AC current only because his AC current system won
out over Edison's DC current system.
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Tesla

Frame # 20

Tesla was a Serbian who emigrated to the US early in 1884 at
the age of 28.

He dedicated his life to the generation, transmission, and
utilization of electrical energy.

He invented single-phase and multi-phase alternators and
induction motors.

We use AC current only because his AC current system won
out over Edison's DC current system.

In 1881, he invented the Tesla coil which was to be used soon
after in many of the early wireless transmitters.
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Tesla

Frame # 20

Tesla was a Serbian who emigrated to the US early in 1884 at
the age of 28.

He dedicated his life to the generation, transmission, and
utilization of electrical energy.

He invented single-phase and multi-phase alternators and
induction motors.

We use AC current only because his AC current system won
out over Edison's DC current system.

In 1881, he invented the Tesla coil which was to be used soon
after in many of the early wireless transmitters.

(See [Cheney, M., 1981].)
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Tesla cont'd

e The quest of his life was to transmit electrical energy, huge
amounts, over wireless systems.

In this respect, he filed a patent for a wireless system for the
transmission of electrical energy on September 2, 1897, which
was eventually granted as US Patent Office in 1900 (see
[Tesla, 1900]).
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Tesla cont'd

e The quest of his life was to transmit electrical energy, huge
amounts, over wireless systems.

In this respect, he filed a patent for a wireless system for the
transmission of electrical energy on September 2, 1897, which
was eventually granted as US Patent Office in 1900 (see
[Tesla, 1900]).

e The system comprised a transmitter, basically a step-up
transformer driven by a generator, and a receiver, basically a
step-down transformer loaded by a series of lights and motors
connected in parallel.
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Tesla’s Transmission System cont'd

e When stray capacitances of the winding are added, the
primaries and secondaries of the transformers at the
transmitter and receiver would each operate as a coupled
tuned circuit.

For this reason, the wireless system came to be known as
Tesla's system of four tuned circuits.
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Tesla’s Transmission System cont'd

e When stray capacitances of the winding are added, the
primaries and secondaries of the transformers at the
transmitter and receiver would each operate as a coupled
tuned circuit.

For this reason, the wireless system came to be known as
Tesla's system of four tuned circuits.

e The transmitter and receiver were, in effect, bandpass filters,
the first equipped with a transmitting antenna and the second
equipped with a receiving antenna.
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goal of his life to construct a practical system for wireless
telegraphy.

e Inspired by the achievement of Hertz, Marconi made it the
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Inspired by the achievement of Hertz, Marconi made it the

goal of his life to construct a practical system for wireless
telegraphy.

He began experimenting in the attic of the family home in
Pontecchio near Venice while still a teenager.
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Marconi

e Inspired by the achievement of Hertz, Marconi made it the
goal of his life to construct a practical system for wireless
telegraphy.

e He began experimenting in the attic of the family home in
Pontecchio near Venice while still a teenager.

e He explored ingenious innovations to the state-of-the art that
would increase the distance over which effective transmission
could be achieved.
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Marconi

Frame # 27

Inspired by the achievement of Hertz, Marconi made it the
goal of his life to construct a practical system for wireless
telegraphy.

He began experimenting in the attic of the family home in
Pontecchio near Venice while still a teenager.

He explored ingenious innovations to the state-of-the art that
would increase the distance over which effective transmission
could be achieved.

Soon he was able to transmit signals over an impressive
distance of about 1.5 km.
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® At the age of 21, Marconi traveled to London with his

transmitter/receiver system determined to make his fortune.
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® At the age of 21, Marconi traveled to London with his
transmitter/receiver system determined to make his fortune.

o While in London, he gained the attention of a certain William
Preece, Chief Electrical Engineer of the British Post Office (now
British Telecom).
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Marconi Cont'd

e At the age of 21, Marconi traveled to London with his
transmitter/receiver system determined to make his fortune.

e While in London, he gained the attention of a certain William
Preece, Chief Electrical Engineer of the British Post Office (now
British Telecom).

@ In a landmark presentation on December 2, 1896, Preece
demonstrated Marconi's invention.

When a lever was operated at the transmitting box, a bell was
caused to ring in the receiving box across the room — the first
remote control.
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Marconi Cont'd

e At the age of 21, Marconi traveled to London with his
transmitter/receiver system determined to make his fortune.

e While in London, he gained the attention of a certain William
Preece, Chief Electrical Engineer of the British Post Office (now
British Telecom).

@ In a landmark presentation on December 2, 1896, Preece
demonstrated Marconi's invention.

When a lever was operated at the transmitting box, a bell was
caused to ring in the receiving box across the room — the first
remote control.

e Through a series of experiments, Marconi was later able to transmit
Morse signals first over a distance of 6 km and after that over a
distance of 16 km.

In due course, he was able to send Morse signals over the Atlantic.
(See [Weightman, 2003]).
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Marconi Cont'd

e Marconi was a smart system designer and a clever
entrepreneur who readily borrowed ideas from his peers.

He used a so-called Righi oscillator, a device known as a
coherer invented by Branly and improved by Lodge, an aerial
system of Dolbear, and Tesla's coil. [see History of Wireless
by Sarkar et al.].
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e A typical spark-gap wireless system used by Marconi and
next.

others during the late 1890s and early 1900s will be examined
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e A typical spark-gap wireless system used by Marconi and

others during the late 1890s and early 1900s will be examined
next.

o Like today’s wireless systems, it comprised a transmitter and
a receiver.
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e Basically, the transmitter consisted of

— an induction coil in series with a relay,
— a parallel resonant circuit, and

— a spark gap constructed from two metal balls just like the one
used by Hertz.
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e When the Morse key was depressed, a voltage was induced in

the primary as well as the secondary of the induction coil and
a spark was initiated at the spark gap.
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Early Wireless System — Transmitter Cont'd

e When the Morse key was depressed, a voltage was induced in
the primary as well as the secondary of the induction coil and
a spark was initiated at the spark gap.

e The electromagnetic field of the primary opened the relay
switch which interrupted the current but when the field
collapsed, the relay was reset and if the Morse key was kept
depressed a second cycle would begin.
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Early Wireless System — Transmitter Cont'd

e When the Morse key was depressed, a voltage was induced in
the primary as well as the secondary of the induction coil and
a spark was initiated at the spark gap.

e The electromagnetic field of the primary opened the relay
switch which interrupted the current but when the field
collapsed, the relay was reset and if the Morse key was kept
depressed a second cycle would begin.

e Thus as long as the Morse key was kept depressed, a series of
dumped oscillations was generated in the loop of the
secondary thereby sustaining a continuous oscillation at the
resonant frequency.
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Early Wireless System — Transmitter Cont'd
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Early Wireless System — Receiver

e The early receivers comprised two circuits, the antenna circuit
and the Morse sounder circuit.

e The antenna circuit comprised a coil, a battery, a relay, and a
coherer which was a glass tube with metal filings sandwiched
between two small metal pistons.

Metal
filings
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Early Wireless System — Receiver

e The early receivers comprised two circuits, the antenna circuit
and the Morse sounder circuit.

e The antenna circuit comprised a coil, a battery, a relay, and a
coherer which was a glass tube with metal filings sandwiched
between two small metal pistons.

Metal
filings

e The Morse sounder circuit comprised a Morse sounder, a
battery, and a decoherer which was essentially an electrically
activated knocker.
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® When a high-frequency current passed through a coherer, the metal

filings tended to stick to each other through a so-called micro-weld

phenomenon, and the resistance of the coherer assumed a low
value.
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Early Wireless System — Receiver Cont'd

® When a high-frequency current passed through a coherer, the metal
filings tended to stick to each other through a so-called micro-weld
phenomenon, and the resistance of the coherer assumed a low
value.

® Thus, the battery in the antenna circuit would supply enough
current to activate the relay.
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Early Wireless System — Receiver Cont'd

e When a high-frequency current passed through a coherer, the metal
filings tended to stick to each other through a so-called micro-weld
phenomenon, and the resistance of the coherer assumed a low
value.

® Thus, the battery in the antenna circuit would supply enough
current to activate the relay.

® The relay would then close the switch in the second circuit which
would activate the Morse sounder to produce the characteristic
Morse click.
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Early Wireless System — Receiver Cont'd

e When a high-frequency current passed through a coherer, the metal
filings tended to stick to each other through a so-called micro-weld
phenomenon, and the resistance of the coherer assumed a low
value.

® Thus, the battery in the antenna circuit would supply enough
current to activate the relay.

® The relay would then close the switch in the second circuit which
would activate the Morse sounder to produce the characteristic
Morse click.

e Unfortunately, the metal filings in the coherer would continue to
cling to each other due to the hysteresis effect long after the
electromagnetic wave had disappeared.
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Early Wireless System — Receiver Cont'd

Frame # 37

When a high-frequency current passed through a coherer, the metal
filings tended to stick to each other through a so-called micro-weld
phenomenon, and the resistance of the coherer assumed a low
value.

Thus, the battery in the antenna circuit would supply enough
current to activate the relay.

The relay would then close the switch in the second circuit which
would activate the Morse sounder to produce the characteristic
Morse click.

Unfortunately, the metal filings in the coherer would continue to
cling to each other due to the hysteresis effect long after the
electromagnetic wave had disappeared.

To reset the coherer, a decoherer was activated by the Morse
sounder circuit which essentially tapped the coherer.
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e It was soon realized that the higher the frequency of the
transmitted signal, the further would the signal travel.

i
-

«O0>» «Fr» « E» « Q>



Evolution of Wireless Systems

e It was soon realized that the higher the frequency of the
transmitted signal, the further would the signal travel.

e The battery at the transmitter was soon replaced by an
alternator.

In this way, two sparks could be generated for every cycle of
the supply voltage.
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Evolution of Wireless Systems

e It was soon realized that the higher the frequency of the
transmitted signal, the further would the signal travel.

e The battery at the transmitter was soon replaced by an
alternator.

In this way, two sparks could be generated for every cycle of
the supply voltage.

e And almost always, a Tesla coil was used to feed the
generated signal to the antenna.

The capacitor and the induction coil formed a parallel
resonant circuit and the induction coil essentially served as a
step-up radio-frequency transformer.
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e The use of an alternator revealed new problems.
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e The use of an alternator revealed new problems.
e Unfortunately, once the sparking started, it would continue for

a while and this tended to reduce the maximum sparking rate
that could be achieved.
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Evolution of Wireless Systems Cont'd

e The use of an alternator revealed new problems.

e Unfortunately, once the sparking started, it would continue for
a while and this tended to reduce the maximum sparking rate
that could be achieved.

e To speed up the sparking rate, a mechanism was needed that
would extinguish the sparking soon after the threshold voltage
was reached.
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Evolution of Wireless Systems Cont'd

e The use of an alternator revealed new problems.

e Unfortunately, once the sparking started, it would continue for
a while and this tended to reduce the maximum sparking rate
that could be achieved.

e To speed up the sparking rate, a mechanism was needed that
would extinguish the sparking soon after the threshold voltage
was reached.

e This problem was solved by using spark-gap rotators.
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e After sparking, the rotating spark points would move away
spark.

from the stationary spark points thereby extinguishing the
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Evolution of Wireless Systems Cont'd

e After sparking, the rotating spark points would move away
from the stationary spark points thereby extinguishing the
spark.

e The spark-gap rotator was initially driven independently of the
alternator.

This caused the firing of the sparks to be erratic, which
reduced the amount of radiated energy.
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Evolution of Wireless Systems Cont'd

e After sparking, the rotating spark points would move away
from the stationary spark points thereby extinguishing the
spark.

e The spark-gap rotator was initially driven independently of the
alternator.

This caused the firing of the sparks to be erratic, which
reduced the amount of radiated energy.

e To maximize the amount of radiated energy, a Canadian by
the name of Fessenden had the alternator and the spark-gap
rotator mounted on one and the same shaft in order to
synchronize the sparks generated with the instants of
maximum positive or negative voltage.
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e Fessenden also used multi-phase alternators of the type

invented by Tesla to increase the spark rate even more.
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Evolution of Wireless Systems Cont'd

e Fessenden also used multi-phase alternators of the type
invented by Tesla to increase the spark rate even more.

e By using a 125-Hz, 3-phase alternator, he was able to achieve
a spark rate of 750 sparks/s.

In this way, a vibration in the audio range was heard at the
Morse receiver which sounded like a musical note.
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Fessenden's Alternator/Rotator System Used at Brant Rock, USA

(See [Reginald Fessenden] )
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(See [Reginald Fessenden].)
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e In due course, both Marconi and Fessenden considered that
no further improvements were possible in the coherer and

both spent considerable effort exploring alternative devices for
their receivers.
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Evolution of Wireless Systems Cont'd

e In due course, both Marconi and Fessenden considered that
no further improvements were possible in the coherer and
both spent considerable effort exploring alternative devices for
their receivers.

e In fact, Fessenden considered that the invention of the coherer
was a misfortune that retarded the development of practical
detectors.
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Evolution of Wireless Systems Cont'd

e In due course, both Marconi and Fessenden considered that
no further improvements were possible in the coherer and
both spent considerable effort exploring alternative devices for
their receivers.

e In fact, Fessenden considered that the invention of the coherer
was a misfortune that retarded the development of practical
detectors.

e Borrowing certain ideas of Rutherford, Marconi patented a
magnetic decoder that relied on the demagnetizing effect of a
dumped oscillation.
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o Fessenden developed a device he called the hot-wire barretter
which consisted of a minute piece of an extremely fine

platinum wire mounted on a holding device (Length: 0.001”,
Diameter: 0.00006").
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Fessenden's Hot-Wire Barretter

e Fessenden developed a device he called the hot-wire barretter
which consisted of a minute piece of an extremely fine
platinum wire mounted on a holding device (Length: 0.001”,
Diameter: 0.00006").

e The operation of the hot-wire barretter relied on the heating
of the platinum wire caused by the detected signal.
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e A received signal across the hot-wire barretter would

modulate the resistance of the platinum wire which would, in
turn, modulate the current through a headset.
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Fessenden's Hot-Wire Barretter

e A received signal across the hot-wire barretter would
modulate the resistance of the platinum wire which would, in
turn, modulate the current through a headset.

e Actually, the device could in theory be used to detect
amplitude-modulated signals although the practical difficulties
would be many.
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Fessenden'’s Electrolytic Barretter

e While experimenting with different hot-wire barretter designs
immersed in a solution of nitric acid (to dissolve a layer of
silver), Fessenden discovered that one design was much more
efficient than the others in that it offered a much larger
resistance variation in the presence of an electromagnetic
wave.
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Fessenden'’s Electrolytic Barretter

e While experimenting with different hot-wire barretter designs
immersed in a solution of nitric acid (to dissolve a layer of
silver), Fessenden discovered that one design was much more
efficient than the others in that it offered a much larger
resistance variation in the presence of an electromagnetic
wave.

e On close examination, he found out that the platinum wire in
the most efficient hot-wire barretter was broken!

And thus the electrolytic receiver was invented.
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e In effect, the two pieces of the broken filament acted like the
anode and cathode of an electrolytic tank.
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Fessenden’s Electrolytic Detector cCont'd

e In effect, the two pieces of the broken filament acted like the
anode and cathode of an electrolytic tank.

e A positive-going signal would cause gas bubbles to cling to
the platinum wire, which caused the resistance between anode
and cathode to increase.
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Fessenden’s Electrolytic Detector cCont'd

e In effect, the two pieces of the broken filament acted like the
anode and cathode of an electrolytic tank.

e A positive-going signal would cause gas bubbles to cling to
the platinum wire, which caused the resistance between anode
and cathode to increase.

e A negative-going signal, on the other hand, would disperse the
gas bubbles and thus decrease the resistance offered by the
electrolytic tank.

In this way, a current modulated by the received signal would
flow through the headset.
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Fessenden’s Electrolytic Detector cCont'd

e In effect, the two pieces of the broken filament acted like the
anode and cathode of an electrolytic tank.

e A positive-going signal would cause gas bubbles to cling to
the platinum wire, which caused the resistance between anode
and cathode to increase.

e A negative-going signal, on the other hand, would disperse the
gas bubbles and thus decrease the resistance offered by the
electrolytic tank.

In this way, a current modulated by the received signal would
flow through the headset.

e The electrolytic barretter remained the detector of choice over
several years.
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Fessenden's Other Contribution

e Fessenden made many other great contributions to wireless
communications.

e Quite early in the evolution of wireless systems, just like Tesla,
he was convinced that these systems would be more efficient
with continuous waves than a series of dumped oscillations
and, in fact, he eventually succeeded in implementing such
systems.
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Fessenden's Other Contribution

e Fessenden made many other great contributions to wireless
communications.

e Quite early in the evolution of wireless systems, just like Tesla,
he was convinced that these systems would be more efficient
with continuous waves than a series of dumped oscillations
and, in fact, he eventually succeeded in implementing such
systems.

e He also proposed the heterdyne detector ten year's before it
could be implemented.
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Fessenden's Other Contribution

e Fessenden made many other great contributions to wireless
communications.

e Quite early in the evolution of wireless systems, just like Tesla,
he was convinced that these systems would be more efficient
with continuous waves than a series of dumped oscillations
and, in fact, he eventually succeeded in implementing such
systems.

e He also proposed the heterdyne detector ten year's before it
could be implemented.

e The use of continuous waves eventually led to voice wireless
communications.
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Vacuum-Tube Technology

The real breakthrough that led to modern wireless communications
came about with the development of vacuum-tube technology.

e First, Ambrose Fleming developed the vacuum-tube diode in
1904, which began to replace the electrolytic tank as a
detector of wireless signals.
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Vacuum-Tube Technology

The real breakthrough that led to modern wireless communications
came about with the development of vacuum-tube technology.

e First, Ambrose Fleming developed the vacuum-tube diode in
1904, which began to replace the electrolytic tank as a
detector of wireless signals.

e Before too long, in 1906, an American inventor by the name
of Lee De Forrest added another electrode to Fleming's
vacuum-tube diode to invent the so-called audion as an
amplifying device [De Forest, Lee, 1908].
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De Forest's Audion
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e Actually, the audion was not a true vacuum tube in that it
was partially filled with gas.
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e Actually, the audion was not a true vacuum tube in that it
was partially filled with gas.

e In fact, De Forest thought that its operation was critically

dependent on ions generated in the gas in the presence of an
electric field.
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De Forest's Audion cCont'd

e Actually, the audion was not a true vacuum tube in that it
was partially filled with gas.

e In fact, De Forest thought that its operation was critically
dependent on ions generated in the gas in the presence of an
electric field.

e Further research on the device in later years showed that it
would operate a lot better without the gas and by 1919 it
emerged as the vacuum-tube triode.
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De Forest's Audion cCont'd

e Actually, the audion was not a true vacuum tube in that it
was partially filled with gas.

e In fact, De Forest thought that its operation was critically
dependent on ions generated in the gas in the presence of an
electric field.

e Further research on the device in later years showed that it
would operate a lot better without the gas and by 1919 it
emerged as the vacuum-tube triode.

e Unlike the audion, the vacuum-tube triode could achieve
linear amplification.
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De Forest's Audion cCont'd

Frame # 56

Actually, the audion was not a true vacuum tube in that it
was partially filled with gas.

In fact, De Forest thought that its operation was critically
dependent on ions generated in the gas in the presence of an
electric field.

Further research on the device in later years showed that it
would operate a lot better without the gas and by 1919 it
emerged as the vacuum-tube triode.

Unlike the audion, the vacuum-tube triode could achieve
linear amplification.

Soon after, the triode became the workhorse of wireless
communication systems.

Slide # 130 A. Antonic  On the Roots of Wireless Communications



e De Forest is on the record as having broadcast the first
took place in Lake Erie.

ship-to-shore message announcing the results of a regatta that
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De Forest's Audion cCont'd

e De Forest is on the record as having broadcast the first
ship-to-shore message announcing the results of a regatta that
took place in Lake Erie.

e He is credited for broadcasting in 1910 a live performance
from the Metropolitan Opera House in New York featuring
Italian tenor Enrico Caruso.
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De Forest's Audion cCont'd

e De Forest is on the record as having broadcast the first
ship-to-shore message announcing the results of a regatta that
took place in Lake Erie.

e He is credited for broadcasting in 1910 a live performance
from the Metropolitan Opera House in New York featuring
Italian tenor Enrico Caruso.

e He continued to be involved with the evolution of radio during
the next decade.
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e In addition to the audion, De Forest invented in 1920 an early
sound-on-film process, the so-called Phonofilm process.
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De Forest's Audion cCont'd

e In addition to the audion, De Forest invented in 1920 an early
sound-on-film process, the so-called Phonofilm process.

e The circumstances associated with this process as well as De
Forest's other inventions are both dramatic and controversial
and would make a good story for a Hollywood feature movie.
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De Forest's Audion cCont'd

e In addition to the audion, De Forest invented in 1920 an early
sound-on-film process, the so-called Phonofilm process.

e The circumstances associated with this process as well as De
Forest's other inventions are both dramatic and controversial
and would make a good story for a Hollywood feature movie.

e Although the Phonofilm process did not make as a
mainstream technology, De Forest received in 1959 an Oscar
for his pioneering inventions which brought sound to the
motion pictures.
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and continues today.

e Progress continued unimpeded throughout the 20th century
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e Progress continued unimpeded throughout the 20th century
and continues today.

e Coherers, barretters, and vacuum tubes gave way to
transistors, integrated circuits, and systems on a chip.

«O0>» «Fr» « E» «

i
-
it

DA



e Progress continued unimpeded throughout the 20th century
and continues today.

e Coherers, barretters, and vacuum tubes gave way to
transistors, integrated circuits, and systems on a chip.

e And the rest is history.
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® The presentation dealt with some of the highlights associated with
the evolution of wireless communications.
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® The presentation dealt with some of the highlights associated with
the evolution of wireless communications.
e Starting with a great deal of curiosity, Faraday showed by

experiment that a changing electrical current in a conductor creates
a magnetic field around the conductor.
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Conclusions
@ The presentation dealt with some of the highlights associated with
the evolution of wireless communications.

e Starting with a great deal of curiosity, Faraday showed by
experiment that a changing electrical current in a conductor creates
a magnetic field around the conductor.

e Thomson quantified the relation between the current and the
magnetic field produced.
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Conclusions

The presentation dealt with some of the highlights associated with
the evolution of wireless communications.

Starting with a great deal of curiosity, Faraday showed by
experiment that a changing electrical current in a conductor creates
a magnetic field around the conductor.

Thomson quantified the relation between the current and the
magnetic field produced.

Through the power of mathematics, Maxwell predicted that a
changing current in a conductor would produce a traveling
electromagnetic wave with properties similar to those associated
with light.
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Conclusions

Frame # 60

The presentation dealt with some of the highlights associated with
the evolution of wireless communications.

Starting with a great deal of curiosity, Faraday showed by
experiment that a changing electrical current in a conductor creates
a magnetic field around the conductor.

Thomson quantified the relation between the current and the
magnetic field produced.

Through the power of mathematics, Maxwell predicted that a
changing current in a conductor would produce a traveling
electromagnetic wave with properties similar to those associated
with light.

Hertz verified by experiment that Maxwell was correct in his
assessment.
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Conclusions

Frame # 60

The presentation dealt with some of the highlights associated with
the evolution of wireless communications.

Starting with a great deal of curiosity, Faraday showed by
experiment that a changing electrical current in a conductor creates
a magnetic field around the conductor.

Thomson quantified the relation between the current and the
magnetic field produced.

Through the power of mathematics, Maxwell predicted that a
changing current in a conductor would produce a traveling
electromagnetic wave with properties similar to those associated
with light.

Hertz verified by experiment that Maxwell was correct in his
assessment.

Tesla, Marconi, Fessenden, De Forest, and many others were able to
design electrical circuits that could be used to transmit and receive
electromagnetic waves, and in turn information, over long distances.
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Thank you for your attention.
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