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By Robert M. McDonald

JAMES O. WELDON

The passing of James O. Weldon on
April 19,1993, closes an era in the world of
high-power radio broadcasting.

As founder, former owner and past
president of Continental Electronics, his
vision and leadership is a legacy for us all.
We extend to his family our condolences
and sympathy in their loss of a husband and
father, and hope that there is comfort in the
memories of a man who lived a long and full
life.

His accomplishments speak in their
own way for themselves, but so profound
was his influence on this organization and
upon many of us who remain, and indeed
upon the field of radio engineering, that we
recall some of them here.

Mr. Weldon was born in Canton, Mis-
souri, on March 15, 1905. As a young man
heattended Culver-Stockton College where
his father was a professor. He became inter-
ested in radio very early in his life, first asan
amateurand then asa commercial telegraph
operator. He studied at the University of
Nebraska, and then began a full-time job as
aradio station engineer in Topeka, Kansas.
From 1927 until 1935 he was chiefengineer
at several early radio stations.

At KFKB in Milford, Kansas, he be-
came associated with Dr. John R. Brinkley.
He was sent to Villa Acuna, Mexico, to
increase the power of Brinkley’s station to
100 kilowatts. In 1938 he increased the
power of this same station to 500 kilowatts,
and it was then called XERA.

Although there was one other station
in the western hemisphere, WLW, Cin-
cinnati, operating in this power range, Mr.
Weldon’s transmitter was the fitst to use a
“Doherty Amplifier” at this high power.

He was acquainted with Bill Doherty of
Bell Labs who had published his paper on a

This item is reprinted from the May 1993 special
edition of Continental Courier, published by Conti-
nental Electronics Corporation, Dallas.

1905-1993

“New High-Efficiency Power Amplifier” in
the Proceedings in September 1936. This
transmitter was quite successful since its
innovative modulation schemeavoided the
problems associated with high-level plate
modulation transformers.

Itused eight newlydesigned 320A tubes
buile by Western Electric. Only nine were
ever built, and one is currently displayed
here in our facility. XERA was the first of
many “super power” transmitters built by
Mr. Weldon throughout his career.

In 1940, he was a consultant with the
Federal Telephone and Radio Corporation,

He was a truly gifted man of many talents, a fine human
being who, through his long and productive life, has left an
indelible mark on radio engineering in the 20th century.

and helped to design and build several 50
kilowatt radio stations around New York
City.

In 1942 he joined the Office of War
Information and later became chief of that
bureau. This bureau established the net-
work which programmed all of the existing
broadcast shortwave and medium wave sta-
tions during World War II, and also provided
for the expansion of this network into what
we know today as the Voice of America.

A definitive paper titled “The Early
History of U.S. International Broadcasting
From The Start Of World War II” was
written by Mr. Weldon for the IEEE in
March 1988, and describes this era of high-
power broadcasting in detail.

After WWII he organized a partner-
ship with Lester H. Carr, doing antenna
design and general practice before the Fed-
eral Communications Commission. Fol-
lowing the war there was an expansion of
commetcial broadcasting, and in late 1946,
he came to Dallas and organized a manufac-
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turing company to build transmitters and phasing and
coupling equipment that consulting firms were speci-
fying. This was the beginning of the Continental
Electronics we know today.

He began at 1728 Wood Street in downtown Dallas
with a handful of employees.
On March 8, 1951, he moved

total of eight VLF stations were built or retrofitted for
our Navy, three new stations were built for NATO, one

for Germany and one for India.
There were many other achievements in the ’50s,
including the erection of a prototype experimental
curtain antenna here at the

Buckner facility, and broadcast-

the business into a newly built
facility on Buckner Boulevard
which, although expanded
many times, we still occupy to-
day.

The 1950swere a busy time,
and with the Cold War expand-
ing, so did the demand for su-
per-powet transmitters. In 1950,
indirect competitionwithRCA
and their proposed plate-modu-
lated transmitter, Mr. Weldon
was awarded a contract by the
U.S. Information Agency tode-
velop a 1 megawatt medium
wave transmitter using a
“Doherty Amplifier.” This be-
came the 105-B.

The longwave version of
this transmitter, installed in
Munich, is described in the
August 1954 Proceedings. Sev-
eral of these transmitters are
still in operation.

Among the biggestachieve-
ments by Mr. Weldon and his
organization is the VLF station
at Cutler, Maine. This was the
most powerful VLF transmitter
and the largest antenna system
ever built at that time. Com-
pleted in 1960, it is a monu-
ment to his radio engineering

skills.

ing program for the VOA from
anew 500 kW shortwave, also
being built here.
Super-power broadcast
transmitters led to high-power
radars, and in March 1958, the
Irving Boulevard plant was
opened to produce the Ballis-
tic Missile Early Warning Ra-
dars. (BMEWS). This plant,
with about 90 employees, was
in operation for approximately
2-1/2 years, and built the radars
used in our Missile Defense Net
around the Arctic Circle.
Following BMEWS was
the Nike Zeus Acquisition Ra-
dar which progressed only
through the prototype state.
The radar business grew,
and through the early’60s there
were significant contracts for
instrumentation radars for the
White Sands Missile Range,
Kwajalein, and the Western
Test Range. The company’s
high-power RF engineering
techniques produced opportu-
nities for equipment for par-
ticle accelerators, and many
amplifiers were produced dur-
ing the early and mid ’60s for
the national laboratories.
In 1959, Ling Electronics

There are 26 antenna tow-
ers ranging in height from 800
feet to 980 feet having a total
weight of 8,500 tons. There are
36 additional 200-foot towers
tosupport counterweights. Fifty
thousand cubic yards of con-
crete were required for the antenna foundations,and 11
million feet of copper wire for the ground system. The
transmitter is in excess of 2 megawatts.

This station is described by Mr. Weldon in an
article in AFCEA’s Signal magazine dated June 1961.

This was only the beginning. The Northwest Cape
Station, finished in '67, had an even larger antenna. A
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James O. Weldon, in 1979, stands next to one
of the nine 320A tubes manufactured by
Western Electric for use in the 500 kW XERA
transmitter at Villa Acuna, Mexico, across the
border from Del Rio, Texas. Eight tubes were
used in the transmitter; the ninth was a spare.

purchased Continental Elec-
tronics from Weldon and Carr.
This concluded Mr. Weldon's
partnership.

In the months and years
which followed, Ling Electron-
ics became Ling-Temco, then
Ling-Temco-Vought, then LTV. In the ever-changing
conglomerate world, Continental became a wholly
owned subsidiary of LTV-Electrosystems, now E-Sys-
tems, with Mr. Weldon as chairman of the board.

During the early ’60s, Continental’s Irving Boule-
vard plant was moved to the Luscombe Airplane Han-
gar at the Ling Temco facility in Garland, and remained



in service until 1966. In 1962, Continental Electronics
Products was established, and the commercial broad-
cast production, combined with the Ling closed-circuit
TV product build by the Electron Corporation of LTV,
was moved to 1050 N. Central Expressway. This effort
was subsequently returned to the Buckner plant after
almost three years.

Continental won an award from the Navy in 1966
to design and build 130 40 kW AN/FRT-85s and 17 200
kW AN/FRT-86s. This large contract spawned the
construction of what we now call Building 5, completed
in 1967.

In 1969, E-Systems sold Continental to Resalab, a
company owned by ex-LTV people. Although still
active, Mr. Weldon participated less in the manage-
ment of Continental until 1972, when he again took
control of Continental and made it a private corpora-
tion.

He took a very active position in the design of a 2
megawatt broadcast transmitter for Yugoslavia deliv-
ered in ’75. This transmitter was a watershed of sorts,
and led to super-power broadcast transmitters for Egypt,
Jordan and Saudi Arabia. Some of these rank among the
largest and most powerful in the world, every one of
them built under his scrutiny.

Continental prospered during the late *70s, and in

1980, Mr. Weldon bought the Collins Radio AM/FM
broadcast product line from Rockwell and absorbed this
production line into the Buckner facility.

By the middle ’80s, because of his age, he began to
look seriously for a buyer for Continental who could
provide the financial stability that the company needed.
InMay 1985, he sold Continental to Varian Associates,
having just had his 80th birthday two months before the
sale. He continued with Continental for three more
years after the sale, came to work every day, and relished
the opportunity to discuss and solve engineering prob-
lems.

Mr. Weldon formally retired in July 1988. He would
stop by for a visit every few weeks, and was here a few
days before he passed away. Continental’s history dur-
ing and after Varian is known to most of you today.

Mr. Weldon received many awards, was a Fellow in
the Institute of Radio Engineers (now the IEEE), and
was well known throughout the world by those involved
in radio engineering. He was a truly gifted man of many
talents, a fine human being who, through his long and
productive life, has left an indelible mark on radio
engineering in the 20th century. He will be missed by all

who knew him. =

(")
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of Radio Science”
By John S. Belrose, Ph.D., VE2CV

Many scientists and engineers have
contributed to the development of electro-
magnetic theory, the invention of wireless
signaling by radio and the development of
electromagnetic antennas needed to trans-
mit and receive the signals.

Concerning the history of wireless
communications, several names stand out
above the others. The very possibility of
wireless communications is founded on the
researches of Clerk-Maxwell into the
mathematics of electro-magnetism, re-

Fessenden must clearly be the pioneer of radio

communications as we know it today.
I wonder how many of you have heard of him?

searches so “pure” and abstruse that it took
mathematicians several years to appreciate
their significance.

Today Maxwell’s equations form the
basis of computational electromagnetics.
In the experimental verification of the re-
sults foretold by Maxwell’s theory, use was
made of the results of experiments in pure
physics which Lord Kelvin had made forty
years previously. Kelvin had set himself the
task of investigating the way in which a
Leyden Jar discharged, and found that, un-
der certain conditions, the discharge gave
rise to alternating currents of very high
frequency.

Forty years later, Hertz was able to
utilize these high-frequency currents to
produce the first wireless waves, thus vali-

*15th Annual Alexander Graham Bell Lecture 1992,
McMaster University, 12 November, 1992. This
annual lecture is organized by the Communications
Research Laboratory, Faculty of Engineering,
McMaster University, Hamilton, Ontario.
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Fessenden and the Early History

dating the theory of Maxwell.

Marconi was the first to describe and
the first to achieve the transmission of defi-
nite intelligible signals by means of Hert-
zian waves. History has accredited him with
the invention of an early form of radio
telegraphy. His contributions to the history
of radio communications are well known,
and celebrated; but other experimenters took
a hand, very early.

Do you know:

(1) Who first used the word and the
method of continuous waves?

(2) Who was first to transmit voice over
radio?

(3) Whodevised adetector for continu-
ous waves!

(4) Who first used the method, and the
word heterodyne?

(5) Who was first to send two-way wire-
less telegraphy messages across the Atlantic
ocean’

(6) Who was first to send wireless tele-
phony (voice) across the Atlantic ocean?

(7) Who made the world’s first wireless
broadcast (voice and music)?

The answer to all seven questions is
Reginald Aubrey Fessenden, a Canadian-
born radio pioneer, working in the United
States.

Fessenden must clearly be the pioneer
of radio communications as we know it
today. [ wonder how many of you have heard
of him?

It is perhaps appropriate that an
Alexander Graham Bell Lecture should re-
member the contributions of Prof. Fessenden
to the early history of radio science, since
the work of Bell had a profound influence on
his life. Bell developed a method of sending
words over wires (the telephone). The idea
of transmitting the human voice by wireless
dominated the early radio experiments of
Fessenden.



Reggie during his boyhood in Fergus, Ontario,
followed the work of Alex Bell in nearby Brantford with
great fascination. But his inquisitive mind was well
ahead of Bell’s experiments.

The year was 1876, Reggie was 10-years old. His
Uncle Cortez Fessenden, who played an important role
in the development of Reggie's inquiring mind, had
been invited to see a demonstration of the telephone at
the Bell homestead on the 4th August. Bell’s first long
distance call, between Brantford and Paris, via Toronto,
adistance of 113 kilometers, was made a few days later
on the 10 August 1876.!

Reggie could hardly wait to meet his uncle after the
demonstration to find out how it worked. In a conver-
sation with his Uncle Cortez on the following day,
which took place during a thunderstorm, Reggie was
seeking an understanding about the transmission of
sound over wires (the telephone).

“Uncle, how far do you think the roar of thunder
can be heard? And have you noticed it comes booming
down without a single wire to help it?”

“The thunder doesn’t need a wire because it travels
to us on a sound wave; with lightning it is an electric
wave.”

“Then why doesn’t Bell shout on a wave?”

“He does. Bell gets his electric waves from a storage
battery and those waves shuttle back and forth on the
wire thus carrying his voice.”

“But why is the wave on the wire. It strikes me that
those wires are a crazy nuisance, the thunder doesn’t
need a wire, so why does Bell need one?”

“Heaven knows what direction his words would
take without something to guide them,” his uncle
replied. “Is it not plain to you, lad, that the thunder is
onlyasound wave? Why, it wouldn’t travel any distance
atall unless you loaded the whack on a wave of electric-
ity~”

Cortez was not entirely satisfied with his answers to
“Why a wire?” Being a good physics teacher, he

range of voice sounds, the Hertzian waves must radiate
like that from the antenna at the transmitting end, and
they must keep going in a steady stream until they
encircle the antenna at the receiving station. They
must never let up even for a split second.”

“I see,” said his uncle. “In Marconi’s scheme, they
stop and go, stop and go.”

Suddenly, after minutes of silence, Reg said, “con-
tinuous. That’s the words that describes them, ‘Con-
tinuous Waves'.” [paraphrased from Raby]*

And so our present continuous wave approach to
radio communications was born. But generating CW,
modulating the waves, and receiving them was yet to be
accomplished.

Pre-radio science career

Reginald Fessenden may well be the greatest Cana-
dian-born scientist, inventor and engineer.

»

Professor
Reginald
Aubrey
Fessenden
(1886-1932).

w The
interior of

the radio
shack at Brant
Rock, with
operators in
transmitting
position.

was up on mathematics, and it appeared to him
that there should be some way of using math-
ematics to explain the working of electricity and
words and wires, but he had to admit to himself
that it was simply beyond his ken.

“Words without wires,” Uncle Cortez mused
to himself. “I have never heard of such anonsen-
sical thing.”

But his Uncle Cortez and the world would,
when Reggie grew up.

Years later, in 1897, Reginald, now 31 years
old, was again having a discussion with his
uncle. “Look,” he said. He threw a rock into
Chemung Lake, near Peterborough, Ontario.

“See how the waves circle out where the
rock hit? If they are going to carry the whole

NOVEMBER 1993



He attended De Veaux Military Academy,
Niagara Falls, New York, for one year at the
age of nine. He went to Trinity College School,
Port Hope, Ontario, where he won prizes and
the praise of the head master as one of the best
students that he had ever had.

At the age of 16, he accepted a math-
ematics mastership at Bishop’s College,
Lennoxville, Quebec, where he became in-
terested in science through private reading of
the periodicals Nature and Scientific Ameri-
can.

In 1886, he accepted the principalship of
Whitney Institute, Bermuda. Although he
never lived in Canada again, he considered
himself a Canadian, and he spent vacations
at his uncle’s cottage near Peterborough,
Ontario.

Fessenden worked at Thomas Edison’s
laboratory, East Orange, New Jersey, from
1887-1890. When Edison gave him the task
of producing a non-flammable insulation for
electrical wires, Fessenden set out to learn all

© COMMUNICATIONS CANADA

& Another view in the radio shack. Fessenden is seated at the table on the right.

he could about elasticity.
The recognized authorities on the sub-

Asascientist he should
be considered the intellec-
tual peer of Lord Ruth-
etford, Sir ]J.J. Thompson
and Lord Kelvin. Oliver

Heaviside and, particularly, Fessende:
A.E. Kennelly (co-discov- oporicin the
erers of the Kennelly- Brant Rock
Heaviside ionospheric station.

layer) were his contempo-
rary colleagues.
Asaninventor, he held
some 230 patents. As an
engineer, he did not con-
fine his expertise to one
discipline but worked with

jectwere Sutherland and Lord
Kelvin, who held the view
that both elasticity and cohe-
sion were due to a gravita-
tional attraction between the
atoms. Fessenden was skepti-
cal,and began aresearch study
for a better explanation.
Using mathematics as a
basis for his study, Fessenden
concluded that atoms had to
be spherical in shape, with a
positive charge at their cen-
ters and a negative charge on
their surfaces. He considered
atoms as electrostatic dou-

© COMMUNICATIONS CANADA

equal facility in the chemi-
cal, electrical, radio, metallurgical and mechanical fields.
Yet in spite of his brilliance, the number, and the
continuing usefulness of his contributions, he is now
virtually forgotten, except by a few. 245678 In Suss-
kind’s ° comprehensive review of the early history of
electronics and wireless, no mention was made of him.

Reginald Aubrey Fessenden was born in Knowlton,
Brome County, Canada East (now Quebec) on 6 Octo-
ber, 1866. The family resided at East Bolton (now
Austin) at that time.

In 1871 the family moved to Fergus, Ontario, and
in 1875 to Niagara Falls, Ontario.

Educationally, the young Fessenden was a prodigy.

u PROCEEDINGS OF THE RADIO CLUB OF AMERICA

blets.

In a series of technical notes Fessenden proposed
his electrostatic doublet theory of cohesion, and used it to
calculate the physical and electrical properties of met-
als, reportedly showing that the cohesion, rigidity and
Young'’s modulus came out right. [Squires]'°, [Vosper]!!
His paper entitled “The Law and Nature of Cohesion,”
published in 1892, was deemed preposterous by con-
temporary scientists, including Sir J.J. Thompson,
Cavendish Laboratory, Cambridge, on the grounds that
since metals were conductors, the individual atoms must also
be conductors and could not contain internal charges!

Ironically it was Sit J.J. Thompson who, five years
later, demonstrated that atoms were electromagneti-



cally constituted.

In 1890, Edison encountered fi-
nancial difficulties, and Fessenden was
laid off. He went to work for
Westinghouse.

Here he tackled different prob-
lems. The method of using platinum
connecting wires for an electric lamp
made light bulbs expensive, and was
covered by a patent. Fessenden found
ways of fusing wites of iron or nickel
alloys to the glass, greatly reducing
the price. This breakthrough was a

significant early step in the transition
of electric light from a novelty to an
everyday necessity.

He later developed silicon steel.
Early transformers and electric motors were lossy due to
hysteresis loss in the iron cores of the transformer and
iron pole pieces in motors. Fessenden reasoned that
replacement of the large carbon atoms in the steel by
smaller silicon atoms would reduce the hysteresis loss,
and in almost a century, no better method has been
found than his silicon steel.!

In 1892, he accepted the chair of electrical engi-
neering at Purdue University, and although he stayed
there for only one year, he was responsible for establish-
ing the Electrical Engineering Department at the uni-
versity, and his influence is perhaps still felt today.
[Geddes]2

In 1893, the University of Pittsburgh persuaded
him toaccept the same chair in that city, largely because
George Westinghouse was anxious to have Fessenden
nearby and helped with a substantial honorarium.

In 1899, Fessenden attempted to return to Canada,
but McGill returned his application for the chair of
electrical engineering. The position was filled by a
“professor” from Nebraska.

Fessenden never did graduate formally from a uni-
versity, but because of the positions he held with Purdue
University and the University of Pittsburgh he was
hereafter referred to as Professor Fessenden. One can
only speculate what might have happened if he had
worked at McGill with Rutherford and Soddy.

Fessenden’s inventive mind was already in evi-
dence. By 1901, he already held nine patents with
respect to incandescent lamps. His hobby of photogra-
phy led him to the invention of what he called micro-
photography, an eatly form of microfilm. He also began
experimenting with radio waves, and it is in the field of
radio science that Fessenden made his greatest contri-
butions.

Wireless telegraphy
Fessenden closely followed the work and research

& The Brant Rock staff and operators. Fessenden is seated in the middle and to his
right is his son (Reginald Kennelly), holding Mikums, his cat. Mr. Pannill is on the far
left. Standing next to him is Jessie Bent, the secretary. Mr. Stein is on the far right .

methodology of Heinrich Hertz, Thomas Edison and
Alexander Graham Bell.

In 1900, he joined the U.S. Weather Bureau, which
sought a system for transmitting weather forecasts.
Unfortunately, he fell soon out with his superior at the
bureau and resigned in August 1902.

In September, he secured the financial support of
two Pittsburgh millionaires, T.H. Given and Hay Walker;
and together they formed the National Electric Signaling
Company (NESCO). While the partnership eventually
collapsed (in 1912), Fessenden’s greatest achievements
occurred under its aegis.

It is interesting to note that Fessenden, in 1905,
established the Fessenden Wireless Telegraph Com-
pany of Canada. Unfortunately, this venture never
went anywhere. The Canadian Company never re-
ceived support from his American partners. It acquired
atransatlantic license from the British government, but
not from Canada. Only Marconi was licensed to erect
towers in Canada and install radio equipment in Canada—
a senseless government regularity ruling that held back the
competitive development of radio in Canada for more than
two decades.

Marconi, for his transatlantic experiment in De-
cember 1901, employed a Braun type of antennasystem,
see below, and a spark transmitter designed and con-
structed by Fleming.

Marconi knew very little about his transmitter. It is
interesting to speculate on whether Marconi drew the
hand drawn sketch of “his” transmitter, labeled Marconi’s
transmitter, published in a 50th anniversary publica-
tion of the IEEE on the early history of wireless. This
“transmitter” simply would not work.

Ratcliffe’® has discussed scientists’ reaction to
Marconi’s transatlantic experiment. The author has
also pursued this subject. He modeled Marconi’s Poldhu
antenna system to determine its frequency of oscilla-
tion. But that is another story.
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The technology of the era as exemplified by Marconi
systems was based on the generation of radio waves by
creatingaspark, which canbe likened to awhip lash effect.
Let us digress for the moment and speak about spark
transmitters.

Spark transmitters
The simplest method of producing high-frequency

oscillations is to give an electrical shock to an oscilla-

tory circuit consisting to an inductance and a capaci-
tance in series. (See Figure la.)

This principle is used in the so-called spark trans-
mitter.

Hertz's transmitter, in 1888, placed the spark gap
across the terminals of the antenna, which was an end-
loaded dipole. (See Figure 1b.) The equivalent circuit
of an antenna at frequencies near its self resonant
frequency is a series resonant circuit (L -C-R ).

Marconi, following the lead of Hertz, employed
such a spark transmitter, but his antenna was a mono-
pole type, a wire fed against ground. Since the only
conducting path for the transmitting antenna to ground
was by way of a spark across the gap, the

transmit a “double wave.”

In fact, early radio regulations were introduced
encouraging “single-wave” or “sharp” emissions, by
limiting the amplitude of the second wave to say one-
tenth the amplitude of the stronger, desired wave.
Notwithstanding, Braun’s “tank circuit” was coupled
inductively to a secondary consisting of the antenna in
series with a coupling coil in which the driving electro-
motive force was induced and which provided a con-
tinuous conducting path from the antenna to ground.
Except for the later insertion of a transmission line
between the antenna and the coupling coil, the Braun
antenna arrangement provided the complete electrical
equivalent of the present-day base-driven monopole
antenna.

A Braun-type spark transmitter was a considerable
improvement over the “simple” or “Marconi type trans-
mitter.” It consisted of a condenser and an inductor in
series with a spark gap, across which is connected an
induction coil. (See Figure 1c.)

The induction coil had a low voltage primary
winding and a high voltage secondary winding. (See

oscillations on the antenna were in very short
bursts. (See Figure 3a.)

The natural L-C-R response of the an-
tenna system was interrupted when the spark
discharge ceased. The only connection to
ground was through the low impedance of the
spark discharge. But this gap was considered to
be an essential element of the radiating system.
Indeed, some contemporary mathematicians
concluded on the basis of their “theoretical”
studies that no antenna could radiate without
a gap!

This not wanted gap was eliminated by
Braun, a German physicist, who in 1898 pat-
ented a circuit in which the spatk gap was in a
separate primary circuit in serieswith anappro-
priate coil and condenser.

But the contribution of the Braun patent is
perhaps as controversial as is the subjectof who
was the first to devise electromagnetic anten-
nas. The German patent has been questioned.
Nothing original was said about tuning, and
the oscillating circuit was said to be much
“slower,” tuned to a lower frequency, than the
antenna circuit.

If the coupling between the oscillating and
antenna circuits is high, a double peaked am-
plitude frequency response will result, and while
such a response is not wanted, both circuits

Oscillation (Tank) and Antenna Circuitry

—T 3,
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a) Basic Spark Transmitter
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b) Hertz/Marconi Spark Transmitter

c) Braun/Fleming Spark Transmitter

should certainly be tuned to the same fre-

quency. Isay “not wanted,” because thisdouble-  Figure 1. Sketches illustrating actual and equivalent circuits for spark

hump response in effect made the transmitter  eransmitters.
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Figure 2. Power sources for telegraphy spark transmitters.

Figure 2a.) The low-voltage primary winding was driven bya
battery and an interrupter, which made and broke the connec-
tion of the primary winding to the battery at some low audio
frequency rate.

When the induction coil was working propetly the con-
denser was charged up, and when the potential across it was
sufficiently high to break down the insulation of air in the gap,
a spark then passed. Since this spark has a comparatively low
resistance, the spark discharge was equivalent to closing of the
oscillatory L-C-R circuit.

The condenser now discharged through the conducting
spark, and the discharge current took the form of a damped
oscillation, at a frequency determined by the resonant fre-
quency of the spark transmitter. The RF energy flowing in the
inductor was inductively coupled to an antenna, which was
tuned to the same frequency as that of the spark transmitter.

The induced oscillation in the antenna circuit was also a
damped wave, but the period of oscillation was significantly
longer than the oscillation in the primary. (See Figure 3b.) In
effect, the primary is the “tank circuit” and the secondary the
“antenna circuit”.

Marconi’s early telegraphy experiments were made using
such a spark transmitter. However, it was the simple form of
transmitter, spark gap across the antenna terminals, that he
obtained his first successful results and demonstrated the
possibility of wireless telegraphy by means of electromagnetic
waves propagated over great distances.

The interrupter was a mechanical device, operating at
rate corresponding to a low audio frequency. Thus, each time
the key was pressed the receiver would “hear” a buzz ( ignoring
for the present that a suitable detector so that the operator
could actually “hear” the sound of the transmitted signal had
not been devised). The audio sound to be “heard” was the

interrupter frequency accompanied by the ragged
and irregular noise of the spark generated signal.
Most early radio experimenters followed or
improved upon the Marconi method of signaling,
because in their view a spark was essential to
wireless. But later experimenters employed an
AC generator and a high voltage step-up trans-
former, rather than an induction coil and battery,
for the power source. (See Figure 2b.)
Fessenden’s work in radio was important, not
only for the results he secured, but because of its
originality. From the outset he sought methods to
generate and receive continuous waves, not
damped waves, which started with a bang and
then died away quickly. However, his early ex-
periments had to make do with spark transmit-
ters, the only means known at that time for

Al
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Figure 3. Idealized waveforms in the oscillation circuit
(a); and the antenna circuit (b). Damped waves are
much more noisy, broad, and capable of severe
interstation interference compared with (c) undamped
or continuous waves (cw).
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generating appreciable power.

So he set his mind to make this type of transmitter
more CW-like. This led to his development of the
synchronous rotary spark gap transmitter. An AC gen-
erator was used, which as well as providing the energy
for the spark transmitter, was directly coupled to a
rotary spark gap so that sparks occurred at precise points
on the input wave. The spark was between a fixed
terminal on the stator and a terminal on the rotor, in
effect the rotor was a spoked wheel, rotating in synchro-
nism with the AC generator (See Photo 1.)

Thus, a higher spark rate was achieved, high com-
pared with the frequency of the AC generator. But
another advantage

rotary spark gap transmitter, the largest one built to
date. (See Photo 2.) It was completed on 28 December
1905. The rotary gap measured 6 feet in diameter at the
stator and 5 feet in diameter at the rotor. Its rotor had
50 electrodes (poles), and its stator had four. Coupled to
this rotary gap was a 125 Hz, 3-phase, 35 KVA alterna-
tor.

HF alternator for CW

Spectacular as was the Brant Rock transmitter,
Fessenden, after achieving initial success, to be de-
scribed, soon turned his attention to other directions,
devotinghisefforts tonewerand better developments—

was realized, since in
effect a rotary spark
gap was a kind of me-
chanically quenched
spark gap transmitter.

The oscillations
of the primary circuit
ceased after a few
cycles,since when the
rotating gap opened
the spark ceased, and
the antenna circuit
continued to oscillate
with itsown damping.
The quenched spark

Photo 1. An early
version of Fessenden’s
synchronous rotary
spark gap transmitter.

gapwas more efficient,

probably a less noisy,

narrower-band signal compared

with the unquenched gap, since

any of the spark methods of exci-

tation inherently involve con- [

sumption of energy in the spark, Photo 2.
in addition to the energy losses The Brant Rock
occurring in the antenna circuit.  synchronous rotary

Many forms of quenched spark spark gap
gap transmitters were devised, transmitter.

described as Wein transmitters, but
the Fessenden synchronousrotary

spark gap transmitter was perhaps

'© COMMUNICATIONS RESEARCH CENTRE

the best. Withasynchronousspark

gap phased to fire on both positive and negative peaks
of a 3-phase waveform, precisely on the peak for
maximum efficiency, a 125 Hz AC generator would
produce a spark rate of 750 times a second.

These rotating gaps produced clear almost musical
signals, very distinctive and easily distinguished from
any signal at the time. It was not true CW, but it came
as close as possible to that, and the musical tone was
easily read through atmospheric noise and interference

-from other transmitters. (See Appendix A.)
His Brant Rock station employed a synchronous

the HF alternator.

Fessenden realized, aswe have already noted above,
that this stop-and-go system, the spark transmitter, was
incapable of transmitting satisfactorily voice and mu-
sic. A means of sending and receiving continuous waves
was required.

The idea came to him during discussions with his
uncle Cortez Fessenden, as I have already told you,
while visiting with him at his cottage on Chemong Lake
near Peterborough in 1897, and is described in his U.S.
Patent No. 706,737, dated August 12, 1902.
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But it was not before the fall of 1906, when
Fessenden’s HF alternator was developed to a point
where it could be used practically (frequencies up to 100
kHz were possible), that continuous wave transmission
became feasible.

Marconi and others working in this new field of
wireless ridiculed Fessenden’s suggestion that a wireless
signal could be produced by applying an HF alternating
current to an antenna. All were unanimous in their
view that a spark was essential to wireless, an error in
reasoning that delayed the development of radio by a
decade.

Fessenden was right, but alone in his belief. “The
whip-lash theory however passed gradually from the
minds of men and was replaced by the continuous wave
one with all too little credit to the man who had been
right.” [New York Herald Tribune]

To document the reaction of his colleagues to this
departure from conventional transmission methods,
spark or damped wave transmissions, we can note that
J.A. Fleming in his book Electromagnetic Waves, pub-
lished in 1906, said, in reference to Pat. No. 706,737,
that “there was no HF alternator of the kind described
by Fessenden, and it is doubtful if any appreciable
radiation would result if such a machine were available
and were used as Fessenden proposes.”

Fleming was totally wrong, since 1906, the year in
which his book was published, was the year of Fessenden’s
greatest achievements using continuous waves gener-
ated by an HF alternator, with one terminal of the
alternator connected to ground and the other terminal
to the tuned antenna. Certainly, the referenced state-
mentdid not appear in subsequent editions of Fleming’s
book.

Judge Mayer, in his opinion upholding Fessenden’s
patent on this invention, said, in effect it has been
established that the prior art practiced, spark or damped
wave transmission, from which Fessenden departed and
introduced a new or continuous-wave transmission, for
the practice of which he provided a suitable mecha-
nism—which has since come into extensive use.
[Kintner]

Initially, Fessenden employed various forms of arc
transmitters and rotating spark gap transmitters with
varying degrees of success. When he had perfected his
HFalternator in 1906, Fessenden had achieved hisgoal,
viz. a continuous wave transmitter, the frequency of
which was not determined by aerial tuning but by the
speed of the HF alternator. The aerial tuning only
determined the power transfer from his transmitter to
the aerial.

Subsequently, the HF alternator was replaced by
vacuum tube transmitters, and nowadays by solid-state
transmitters, but the basic principle of operation of the
Fessenden transmit