A Message From The President of
the Radio Club of America
When I began to write my comments for inclusion
in the Radio Club of America’s 100th Anniversary
Yearbook, I pondered those made by my friend,
mentor and predecessor Fred Link upon the 75th
anniversary of our Club (and may I note that Fred
Link referred to us as the “World’s First
Communications Society” in his preface). Fred
recapped the previous 25 years and commented
on the good health of the Radio Club.
He also reflected on a period when the Club “was
beset with problems.” The problems he noted
primarily were financial, as the Club’s “finances
were almost non-existent,” and he was pleased to
tell the readers that the Club’s “staunch
supporters” provided the resources to make the
Club solvent.
Well, I am very pleased to say that, even during these trying financial
circumstances, the Club not only is solvent but it also is growing in size -- and it
maintains its stature in the communications community. Twenty-five years ago,
Fred commented on the recently formed Grants-In-Aid program and that it had
grown to $74,600. I now am happy to say that program’s funding now is many
times larger and growing, due to the generosity of our members, and myriad
associations and corporations.
To say that things have changed in the past 25 years is an understatement. The
Diamond Jubilee Yearbook was dedicated to “The Spirit of Good Fellowship and
the Free Interchange of Ideas Among All Radio Enthusiasts.” Our recently
adopted tagline says “Honoring the Past, Committed to the Future.”
Some individuals numbered among our membership have devoted themselves to
the task of preserving the history of the Club, its members and RF
communications by documenting our history. Others assist by maintaining
collections of documents and historic artifacts to teach present and future
individuals about the rich history of radio communications. We continue to do our
best to document the history of radio communications, including Land Mobile
Radio (including Public Safety), Broadcast, Cellular, Amateur Radio and any
other use of radio frequency (RF) propagation. It is amusing to note that the term
“wireless” that was deemed old-fashioned and out of date many years ago has
resurfaced as the most modern and up-to-date way to define the transfer of
information via RF. It also is funny to realize that many people who rely on their

cellular telephones on a continuing basis fail to realize that their complex, multifunction handheld devices basically are two-way radios!
An ancient Chinese proverb says “Preserve the Old, but Know the New.” Our
modern tagline also reflects this sentiment, and we are indeed “committed to the
future.” In addition to our scholarships, there has been the successful launch of
our new “Youth Education Committee,” whose goal is to familiarize students in
K-12 with radio communications and to encourage them to pursue more
advanced studies in technology. Once again, this initiative has been funded
through the generosity of our members. Also of note, a continuing-education
program in Information Technology (IT) for communications personnel was
created by our members to fill a void and to enable the better understanding of
the transition and integration of digital processes into radio communications. With
the encouragement of the Association of Public Safety Communications Officers
(APCO), this program is being refined for training sessions at their various
meetings.
None of our members could have contemplated careers in communications
without the combined efforts of our predecessors. One hundred years is more
than the average lifetime of an individual, yet the Radio Club has survived and
will continue to thrive for the next 100 years. I have witnessed the transition from
vacuum tubes to semiconductors to large-scale integration. During my years in
the Radio Club of America, I have been honored to meet some of the forefathers
who began in wireless using spark gaps and coherers, thus creating the
foundation of our current industry.
Who would have thought that the primary distribution of the Platinum Yearbook
would not be with a bound publication as in the past, but rather via the bits and
bytes contained on a ubiquitous DVD?
My hope is that future members will feel the same excitement when they join the
Radio Club of America and meet the heroes of our industry as I did, and that they
continue to preserve our rich history and encourage continued participation by
the youth of today and tomorrow.
73,

Stan Reubenstein, WA6RNU
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An Opinion
By Martin Cooper (F)
The Radio Club of America, founded in 1909, is the world’s oldest radio communications club (society) and
promotes cooperation among those interested in the advancement and scientific study of radio
communications. It also offers a great opportunity for networking with industry peers.

We, the members of the Radio Club of America, are an eclectic group. We are engineers
and scientists, marketers and businesspeople, lawyers and regulators, professionals and
amateurs, lobbyists and educators military people and administrators - and not infrequently,
combinations of these. We share an interest in radio, its history, its evolution and its
technology. We support the objectives of our Club, the scholarships, the collegial meetings,
and the preservation of the history of radio.
That is what we are today! We may not have started that way but then, none of us was
around a hundred years ago when our club took root. We don't really know what the exact
intentions of our founders were, and that is really not important. What's important is that
we believe that our combined efforts are achieving the Club's objectives, and that we keep
the Club healthy and growing with the expanding radio community.
Our membership is what it is! Because of the diversity of our membership, there are bound
to be differences: differences in our vision for the future, differences in emphasis in our
objectives. Such differences have to be resolved by collegial discussion and compromise.
But we are a democratic organization, and there are principles that cannot be compromised.
Until we change our by-laws, the Radio Club of America is open to ALL who share our
interest in radio – to ALL. If there are members who are unhappy with this reality, they are
free to express their views. They can join the group of selfless and hard-working volunteers
who keep the RCA machinery running. They can join the committee members and
committee heads, directors and officers who help to perpetuate our Club and its functions.
There are processes in place, democratic and disciplined, that provide for modifying the
way we do things, for changing what we are to something that is different and, hopefully,
better. And these processes MUST, because of the democratic basis of our Club, be
transparent, open and pristine. The RCA is not a secret society nor is it a political entity
managed by insiders.
We don't have to agree with each other, but it is important that we deal with each other
respectfully, with appreciation for the efforts of our team and tolerance for our
imperfections. Only with this kind of continuing mutual and sincere respect, will our Club
continue to flourish, to grow and to succeed.
Events during the two years preceding our centennial celebration have challenged the
unifying principles that have perpetuated the Radio Club for the past 100 years. In direct
contradiction of these principles, our Club rejected from our membership roles members
who did not meet the standards of behavior laid down by other members. It is not the
purpose of this opinion article to criticize or to judge but rather to appeal to future leaders
of the Club to view and understand these events in the objective light that only time can

shed. It is my hope that our future leaders will err on the side of tolerance, openmindedness and respect for individual members and for the will of the membership as a
whole. It is my fervent wish that the governance of the Club be conducted with full
visibility, with trust and with mutual respect.
The technical world is changing, as is the very nature of what we call “radio.” If the Radio
Club of America is to survive, it will have to accommodate these changes, to shape itself to
it the modern world without compromising its principles. The Club has managed to do this
for 100 years. That history, that heritage, that momentum will provide us with the wisdom
and strength to move on to the next 100 years.
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The Antique Wireless Association Inc. and A.W.A. Electronic Communication Museum (AWA)
would like to congratulate the Radio Club of America (RCA) on its 100th year anniversary.
Both of our organizations have similar beginnings. Both were started by a small group of
enthusiast looking to form a club of like interested persons. The Junior Wireless Club soon to be the Radio
Club of America gathered to share the latest development in Wireless communications. The Antique
Wireless Association was formed to preserve the history on Wireless and Electronic Communications.
AWA has tracked the development of the founding fathers that developed electronic communications,
many of whom were RCA’s founding fathers. Such as W.E. D. Stokes, Prof. R.A. Fessenden, Harry
Houck, Paul Godley, E.H. Armstrong to name a few.
The Curators of the AWA Museum have all been or are members of the Radio Club of America.
We have all been interested in the development of communications to its present day. Several of our Club
members have been long standing members of RCA as well.
The Radio Club of America is the oldest club of its kind in the world and its members have made
many of the major developments in communications. For this accomplishment you should all be very
proud.
Again congratulations from AWA Members on your 100th year and many more to come.
Bruce D. Roloson

Curator A.W.A. Museum

100th Anniversary Platinum Jubilee Yearbook
Radio Club of America
PREFACE
The year 2009 is the one-hundredth anniversary of The Radio Club of America, which is now, always has been, the oldest Radio
Club in continued existence. The Club was founded on 2nd January 1909, by a small group of young boys, with a common
interest in wireless communications, at a special meeting held at the Hotel Ansonia in New York City, initially known as The
Junior Wireless Club.
By 1911 the interests in amateur radio were beginning to grow by leaps and bounds, and the initial membership in the Club had
doubled. It was therefore decided on 22nd April, 1911, to hold subsequent meetings at the home of Frank King, who resided in
New York City, and at a special meeting on 21st October, 1911, to change the name from The Junior Wireless Club to The
Radio Club of America, the name that exists today.
The first regular Meeting of the Club, under its new name, at Frank King’s house, was
held on 4th November 1911. At a regular meeting on 20th January, 1912, the Club
emblem, which we use today, designed by Frank King, was unanimously accepted.
The Club soon outgrew its quarters at Frank King’s house, and so the following regular
(monthly) meetings were held at Columbia University, New York City.
In 1915 the Club installed a transmitting and receiving station in the Hotel Ansonia,
where Admiral Fletcher had made his head quarters. This station operated by Club
members handled the Admiral’s traffic with the fleet in the Hudson River. Several
messages were handled, and President Wilson himself sent a message from the
Mayflower commenting on the good work. The Navy League presented the Club with
a banner in recognition of its service.
The official publication The Proceedings of The Radio Club of America dates back to
May 1913, but prior to this year club records tell us that six papers were presented
(perhaps published?) by Club members.
We begin in the Preface of this Yearbook, by looking at the Golden (50 year) and
Diamond (75 year) Jubilee Yearbooks, particularly the Golden Jubilee Yearbook, since
many of the charter members and early honorary members were still members of the club, and letters written by some of them
were published in the Yearbook for that year 1959. Both the Golden Jubilee Yearbook (50th year published in 1959) and the
Diamond Jubilee Yearbook (75th year published in 1984) began by a reproduction of the history of the Club as it appeared in the
earlier Yearbooks. We do so here but differently. Using today’s technologies, computers and scanners, all previous publications
of The Radio Club of America have been scanned, by Ron Jakubowski, K2RJ, Board Member, and are to be found, along with
our Platinum Jubilee Yearbook, on this DVD Diskette.
So let me begin. The 50th Anniversary Yearbook of the Radio Club of America features in the last Section entitled Who’s Who
in The Radio Club of America letters written by five Honorary Members (HMs), who were there at the beginning of practical

wireless communications: Dr. Alfred N. Goldsmith, HM, 1915; John V.L. Hogan, HM, 1915; Dr. J. Zennick, HM, 1916; David
Sarnoff, HM, 1926; and Henry J. Round, HM, 1952. Dr. Zennick did not write his letter in the year of the Yearbook, because he
died in April 1959, the year the year the Yearbook was published. All together (2009) the Radio Club of America has had 28
honorary members, Robert H. Marriott, John Stone Stone, Alfred N. Goldsmith, and John V.L. Hogan were the first, becoming
honorary members (HMs) in 1915.
The Radio Club of America was founded, by an organizational meeting in New York City on 2nd January 1909. The Society of
Wireless Telegraph Engineers (SWTE) was founded in Boston on 25th February 1907, and so it was the first group in United
States, if not the world, to get together to develop radio communications. The organization meeting of The Wireless Institute
(TWI) was held on 10th March 1909. But of these three organizations the Radio Club of America is the only one that has
continued its established basis, now for the past 100 years. The TWI and the SWTE consolidated to form the Institute of Radio
Engineers (IRE), on 13th May 1912, and so these two wireless institutes passed out of the picture. The first President of the IRE
was Robert H. Marriott, HM, 1915.
At that time the dominant organization of electrical engineers was the American Institute of Electrical Engineers (AIEE). In the
first half of the 20th Century, radio communications experienced great expansion, and there was clearly a need for an
authoritative journal disseminating new results among practitioners and researchers. The Proceedings of the IRE was established
in 1913. Alfred N. Goldstein, HM, 1915, edited the PIRE for 41 years. Dr. Zennick, HM, 1916, was the first Fellow of the IRE.
Clearly at the beginning anyone who was anything in radio was a member of The RCA.
John Hogan, HM, in his letter referenced above, said the Radio Club of America was derived from radio amateurs and the
wireless institutes from “so-called” professionals, but he could not see any difference in their common objective, which was to
improve the state of the art by interchange of technical information. Both groups held meetings regularly, usually at Columbia
University, and he could see no great difference in the caliber of papers presented by one or other of the two organizations.
Major Howard Edwin Armstrong, a giant in our Club, who died in 1954 (suicide), presented his first paper to The Club in May
1913. Professor Reginald Aubrey Fessenden was a Charter Member of The Radio Club of America, and while I can find no
evidence that he actively participated in Club meetings, his technologies clearly had a strong influence on the early members the
Club (Charter Members) --- reference the letter written on 10th March, 1910, signed by 5-members of The Junior Wireless Club,
to Hon. Chauncey M. Depew, US Senate, in reply to his dated 17th March, 1910, in connection with a proposed bill to Regulate
Radio Communications, a Bill that would have practically prohibited amateur radio experimentation (the proposed Depew bill is
discussed later in this Yearbook).
John Hogan said that when The RCA was formed he was away from New York City, at school, otherwise he might have been a
founding member, since when living in New York City, up to about 1906, he had an amateur radio station in operation.
The AIEE was founded in 1884, in Boston. Until the 1940s the IRE was a relatively small engineering organization, but the
growing importance of electrical communications and the emergence of the discipline of electronics resulted in negotiations
about merging the IRE and AIEE, in c1957, which resulted in the establishment of the Institute of Electrical and Electronic
Engineers in 1963 --- the IEEE (apparently) claims that 2009 is the 125 anniversary of that organization.
In April 1914 The Radio Club of Hartford, CT accepted Hiram Maxim’s idea to develop a new organization, banding together
amateur wireless operators in United States, to improve the reputation of radio amateurs with the general public, initially by
developing the concept of radio relay to provide wide areas communications during natural disasters (floods in 1915). Hence the
name for the new organization: The American Radio Relay League. In February 1915 the ARRL became an independent
organization, and began publishing QST in December of that year. But the ARRL was not the only organization concerned with
banding together radio amateurs, developing the concept of radio relay. The Radio League of America (RLA), organized in
New York, in October 1915, by Hugo Gernsback was also plying for nationwide membership and public attention. On 6th
February 1917 the ARRL achieved transcontinental radio relay, passing a message from coast to coast by way of amateur radio
relay. In lauding this achievement Hiram Maxim seems to have forgotten that RLA achieved this a year earlier on 22nd February
1916. Both relays were said to be in remembrance of George Washington’s Birthday. WW I interrupted what was quickly
becoming a competition between these two organizations, since radio amateur stations were closed down during the war. After
the war the RLA was mentioned briefly, but quietly faded away. Although radio amateur stations could not go-on-the-air during
the war, QST was published regularly. Of these two organizations only the ARRL exists today.
While the current interests of members of the ARRL are widely different than putting stations on-the-air for radio relay, radio
amateurs are pursuing linking (not relay) for instantaneous coast-to-coast and currently for world wide communications, using
today’s methodologies and technologies --- internet.

The Radio Club of America claims to be The World’s Oldest Radio Club, current members say Society, but founding members
insisted it was a Club, dedicated to: “The Spirit of Good Fellowship and the Free Interchange of Ideas Among All Radio
Enthusiasts”. In early years anyone who was anything in radio was a member of the Club. Now, with so many national and
international organizations, the IEEE, the IEE, with their scores of Societies, the RCA never will be such a key organization.
The theme of our Proceedings is remembering the past devoted to the future. In the year 2009 we will publish a Yearbook
remembering (to some extent) the last 25- years of technology change, and where we are going.
Throughout the history of wireless amateur radio has made significant contributions to the art and science of communications.
Amateur radio represents a unique environment that is not duplicated in the labs or research parks of either industry or the
government --- perhaps to some extent in our Universities since many universities have an Amateur Radio Club. And for the
record (postings on the WEB) many of these amateur radio clubs are remembering their early history. Existing at the
intersection of the social, economic, cultural, and scientific spheres (recall that many “amateurs” are professional radio
amateurs), amateur radio leverages this position to invent and innovate (emphasis perhaps on the word innovate) from a unique
prospective. Marconi claimed to be a radio amateur, and he was, he was certainly an avid wireless experimenter, but principally
he was a business-man (concerned with sending messages for money). Fessenden, the pioneer that devised the methodologies
and technologies that are like those used today, held two call signs, VP9F and 1XA.
The RCA was founded by a group of young wireless experimenters. Professor Fessenden, Consulting Engineer, was the only
professional charter member. For our 100th Anniversary we need to tell the story about what amateurs have done, and are doing,
during the past 25 years (a follow on from the Laport et.al., IEEE Communications Society 1981 paper). Following papers will
overview, but only briefly, touching on a few areas of research, what the academic and commercial world is doing.
Twenty-five to thirty years ago radio systems were analogue. Analogue radio is here to stay. But analogue systems are getting
more sophisticated. Recently available commercial short wave (SW) receivers, for the SW listener, employ synchronous
detection so that one can listen to the LSB, USB or both side bands of an AM signal (to cope with selective fading). Nearly all
SW broadcast stations are AM, but an increasing number are now digital, which employ DRM (Digital Radio Mondiale). And,
in modern amateur radio receivers, the quality of signal reception is enhanced, by selective digital filtering, and by selectable
digital noise reduction algorithms. Increasingly wireless systems are changing to digital; and new radio transmitters/receivers
are controlled by software (software defined radio --- a new acronym SDR). While firmware upgrades are currently available
(by Yaesu for example, for the FT-950 and FT2000 transceivers, with 30-or more front panel controls) to improve the digital
signal performance of the receivers, SDR will eventually super-cede these digital/analogue transceivers. The transmitted audio/
digital (voice and messaging) signal itself can be digital --- D-Star radios used by radio amateurs. And D-Star can be routed
transparently --- radio-to-radio, via repeaters using the gateway backbone network.
So called “smart cellular phones” are becoming more and more complicated, and smaller in physical size. Global Systems for
Mobile Communications (GSM) are currently more and more interconnected, and the cell size is decreasing: from tens of
kilometers, the original cellular phone system; to a few kilometers, WiFi and WiFi broadband local area networks; to meters,
Femtocells for local indoor environments. Femtocell radios are linked to wider cell coverage areas by WiFi systems. While
GMS is currently the most widely used phone, there are competing technologies, e.g. UMTS (Universal Mobile
Telecommunications Systems). GMS and UMTS phones use different frequency bands, in different countries. Interoperability
and global roaming, and security, particularly when the phone is connected to a personal computer, are issues yet to be resolved
satisfactorily.
Wireless networks are also changing, e.g. mesh networks --- and wireless systems are being developed to better function in their
operational environments --- cognitive radio brain-empowered wireless communications.
In my view software defined radio and cognitive radio brain-empowered wireless communications is the way to the future.
There will be papers over viewing some of these new technologies.

John S. (Jack) Belrose, PhD Cantab, VE2CV, VY9CRC
Member, Radio Club of America Board of Directors
Platinum Jubilee Yearbook Editor

Postscript
The 21st Century has prompted a number of organizations to remember their past, and to foretell their future. This year 2009 the
Radio Club of America is celebrating its 100th Anniversary.

In the interests and background of author Belrose, Cambridge University is remembering its 800th Anniversary in 2009, since its
origin dates to 1209. The Cavendish Laboratory was opened in 1874, initially located on the Free School Lane site, in the
middle of Cambridge, and it was still there when author Belrose was a member of John Ashworth (Jack) Ratcliffe’s Radio
Group (1954-1957). But it has now moved and considerably expanded its facilities and scope of research.

Radio Astronomy in Cambridge grew from Ratcliffe’s determination to re-create in the Cavendish Laboratory the ionospheric
physics research that had been dissolved during WW2. Among other members of The Telecommunications Research
Establishment, he brought Martin Ryle from his team carrying out radar research during the war, and encouraged him to branch
out into ionospheric physics by working on the recently discovered radio emissions from the sun. While the early research by
Ryle, and his Group, was concerned with the sun, it soon appeared that the techniques they were developing, could be used to
locate other celestial radio sources, already discovered by Grote Reber, J.S. Hey, and J. Bolten. In 1957 Mulliard Ltd., with the
support of the Science Research Council, provided the resources to develop the Mulliard Radio Astronomy Observatory, which
celebrated its 50th Anniversary in 2007 [A].

The foundation for international space science dates to 1932, the date of The IPY (the Second International Polar Year),
1932-1933, which was a major effort for many nations. The IGY (International Geophysical Year), 1957-1958, was a much
larger, a major undertaking.

The Sixties was a decade of exponential growth in the field of space research, prompted by COSPAR (Committee on Space
Research) which was created in October 1958. COSPAR celebrated if 50th Anniversary in 2008 [B]. One of the main
accomplishments in this time period was The Alouette/ISIS program. The first satellite was launched on 29th September 1962,
into a 1000 km circular orbit, at 800 inclination. This was a remarkable Canadian/USA achievement (Canada built the satellite
and the USA launched it). The satellite carried a top-side sounder, see reference [C], a VLF receiver listening to the natural EM
environment in the 100 Hz to 10 kHz band, and several energetic particle detectors.

As previously noted, the IEEE (Institute of Electrical and Electronic Engineers) claims to be celebrating in 2009 its 125th
anniversary. This organization was created by the combining, in 1957, of the AIEE (American Institute of Electrical Engineers),
which was founded in 1884, and the IRE (Institute of Radio Engineers), which was founded in 1912. The anniversary date of
organizations clearly depends on the point of view of its members. In accord with what we said earlier, in 1957 the AIEE and
the IRE ceased to exist, and the IEEE was formed, and so in 2007 the IEEE should have celebrated its 50th Anniversary.

Continuing, the pre-runner of the IEEE Antennas and propagation Society (author Belrose is a Life Senior Member of the APS), known as the IRE Group on Antennas and Propagation was founded in 1949 --- and so this Society should be celebrating its
60th anniversary in 2009.

The International Year of Astronomy (IYA 2009) is celebrating its 400th Anniversary in 2009 --- dating back to the year 1609,
when Galileo Galier first turned his telescope to the night sky, and made astounding discoveries that changed humankind’s

understanding of our position in the universe, including mountains and craters on the Moon, a plethora of stars invisible to the
naked eye and moons around Jupiter [D, E]. The NASA Project Phoenix successfully landed a rocket on Jupiter in 2008 [F].

The career of the author spanned the 50+ years we have been reviewing [G], and the history of the Radio Club of America predates this time period by another 50 Years.
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Honoring the past, committed to the future
Pioneering spirit of the Radio Club of America
Pioneers are traditionally associated with a specific time in history. The dictionary states that a pioneer is
“one who is first or among the earliest in any field of inquiry, enterprise, or progress.” They are leaders
and pathfinders.
Because of the wireless industry’s continuous technological growth, breadth and relevance, its pioneer
spirit spans a century. This year the Radio Club of America is celebrating its 100th year anniversary. The
Radio Club of America (the Club) is the oldest radio communications organization, founded to promote
cooperation among those interested in the advancement and scientific study of radio communications. The
Club currently has more than a thousand modern trailblazing members set to lead communications into
the next century.
The Club was formed in New York City in 1909 by a few amateur radio entrepreneurs under the name
“Junior Wireless Club of America, Ltd.” The charter members were W. E. D. Stokes, Sr., Miss E. L.
Todd, Prof. R. A. Fessenden, W. E. D. Stokes, Jr., Mr. Seymour, George Eltz, W. Faitoute Munn, Frank
King and Frederick Seymour. Monthly meetings were held and the name was soon changed to the Radio
Club of America in 1911 to include enthusiasts nationwide. Papers were prepared and read to members
since very little information was available. Amateur radio operators had a scant description of Marconi’s
experiments with which to try and build their own receivers and transmitters (there were no radio
manufacturers or finished designs for reference). These first members were truly technological
innovators, sharing their failures and successes by word-of-mouth.1
W.E.D. Stokes, Jr., at the wise age of 14 was the first president of the
Club from 1909-1911. He led a Club delegation to Washington in 1910
to oppose the passage of the Depew bill for the regulation of radio
communications. He was the youngest activist that had ever appeared
before a Senate committee. He apparently turned down an invitation for
dinner with the president to return to his workroom on the 16th-floor of
the Ansonia Hotel to work on his “wireless telegraphy and wireless
telephone instruments.” When asked about his son’s future profession,
W.E.D. Stokes, Sr., replied, “That hasn’t been decided upon yet. The
youngster is simply enjoying himself just now. His electrical things make
the time go by fast, and he is clever enough and energetic enough to want
constantly to improve on what instruments he has.”2

(Pictured above: W.E.D. Stokes,
Jr., far right.)

The greatest value one can receive from the being a member of the Radio Club of America today is the knowledge that you are
investing in the future of our children and grandchildren, America, and the industry to which we have dedicated our lives.
Beyond that, it is the opportunity to serve and the joy of meeting and working with some of the finest leaders in the public and
private sectors who are dedicated to using telecommunications technology for the betterment of man and innovations as a tool
to success. As members of the RCA, we have an opportunity to play our part in protecting the history of our industry while
honoring the present and promoting the future. Each of us has a chance, in some small way, to impact the evolution of our
industry, without regard to any personal or corporate gains and for the sole purpose of promoting strong educational programs
for future generations and leaders in the entire Telecommunications Industry. Craig M. Jorgensen, director and Fellow.
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Throughout its first 100 years, the Club has included or been associated with:
Dr. Allen B. DuMont (perfected the first commercially practical cathode-ray tube and
developed the modern oscilloscope)
William Lear (known for his patents in electronics and the Lear Jet)
Paul Godley (while in Wales in 1921 representing the American Radio Relay League
(ARRL), he reported success of the first transatlantic tests for amateur wireless stations)
Dr. Louis Hazeltine (inventor of the Neutrodyne circuit), John V. L. Hogan (held the
1912 patent of a single-dial tuning system for radio receivers and built the first highfidelity radio station)
Raymond Heising (has over 100 U.S. patents including the Class C amplifier and diodetriode detector amplifier circuit patents)
Joseph E. Keller (a lawyer and Fellow of the Institute of Radio Engineers (now Institute
of Electrical and Electronics Engineers (IEEE); offered much-needed legal counsel to the
International Association of Fire Chiefs (IAFC).
David Sarnoff (responsible for bringing radio, and later television, into the household;
became president of Radio Corporation of America and later formed NBC and was
credited with transmitting news from the Carpathia regarding the sinking of the U.S.S.
Titanic).
Frank Gunther (original developer of short wave radio equipment; worked closely with
military, police and fire depts.)
Jack Poppele (built the original 250-watt transmitter for New York’s WOR; in 1953
President Eisenhower appointed him director of the Voice of America.)
(Pictured, left, Major Edwin H. Armstrong’s FM transmitter, provided courtesy
of the Antique Wireless Association).

It’s no secret that the Club’s membership reads like a
who’s who of dedicated visionaries who have continued to
advance wireless technologies, two-way and amateur
radio, radio and television broadcasting, paging, and
wireless voice, data and messaging. The list of Honorary
Members of The Club, published in our Golden Jubilee
Yearbook certainly reads like a Who’s Who in respect to
the emerging radio technologies: Dr. Alfred N. Goldsmith,
John V.L. Hogan, Robert H. Marriott, Prof. Michael I.
Pupin, Henry J. Round, Brigd. Gen. David Sarnoff, John
Stone Stone, and Prof. Johnathan Zenneck. Hogan,
Marriott and Stone Stone were among the founders of the
Institute of Radio Engineers (IRE), in 1912. Marriott was
the first president of the IRE. Goldstein edited the
Proceedings of the IRE, at the beginning, and for 41 years. Some historians consider Edwin H.
Armstrong’s superheterodyne receiver (c1912) to be the most significant of early radio technologies. The
heterodyne methodology was devised (basically) in the mind of Prof. Reginald Aubrey Fessenden, a
decade earlier (his Aug. 12, 1902 patent), but it could not be used practically until vacuum tubes became
available. John V.L. Hogan’s classic Proc. IRE 1913 paper (reference also his Club Proceeding'
s paper,
Nov. 1914) clearly demonstrated the significance of this technology, a technology that remains the
standard of radio today.
RCR Wireless, a long-standing industry publication, has ranked many past and current Club members in
its “Wireless Hall of Fame,” including Major Edwin H. Armstrong (father of frequency modulation-FMtechnology), Martin Cooper (father of the first portable cellular phone), Fred M. Link (founder of Link
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Radio Corp. and father of two-way radio), Mal Gurian (CEO of OKI Telecom responsible for OKI
receiving the first FCC type certification for a cellular telephone like the one which was used to make the
first commercial phone call to Alexander Graham Bell’s great nephew who was in Germany at the time
Oct. 13, 1983), James Dwyer (founder of CTIA–The Wireless Association and challenged the FCC in the
70’s to allow competition), Robert Galvin (president of the family’s business, Motorola, for 34 years), Jai
Bhagat (built nationwide paging industry with John Palmer), Dale Hatfield (former chief of FCC’s Office
of Engineering and Technology), Jay Kitchen (led industry trade PCIA- The Wireless Infrastructure
Association, for 10 years, after it merged with the National Association of Business and Educational
Radio.), Morgan O’Brien (founded Nextel in 1987, competitor to cellular) and Arlene Harris (45-year
wireless veteran; founder of the Jitterbug and creator of the highly regarded SOS emergency phone; wife
of Martin Cooper, father of the first mobile cellular phone).
The Radio Club of America is important as a crucial source of industry history, that bridges the beginning, to today's wireless
radio and broadcast technology. I cannot imagine anyone who is involved in wireless, radio or broadcast as either a hobby, or
a professional not wanting to be involved with RCA. Carroll Hollingsworth, director and Fellow.

Women and the Club
At the formation of the Junior Wireless Club of America, Ltd., in 1909, Miss Lillian E. Todd (L.E. Todd)
was honorary president due to her interest in both flying and wireless (also true of the other charter
members).
(Pictured left, Lillian E. Todd in her design studio at home. Photo from
Library of Congress.)

It wasn’t until 1973 when the Club welcomed its
next female member at the invitation of Fred Link.
Vivian Carr has had an accomplished engineering
career with Bell Telephone Labs; she’s been
chairman of the IEEE NY section, is past president
of the IEEE Engineering Management Society and
Treasurer; and she is a member of the IEEE
Communications Society.
Wireless publishing professional Mercy Contreras
served as the Club’s first female president in 20032004. She began her 35-year communications career with Communications Magazine and the
International Wireless Communications Expo (IWCE). She moved on to roles as group publisher of
industry publications Mobile Radio Technology, MRT International, Cellular Business and Wireless
World. She is currently sales director for AGL magazine and Executive Director of the Communications
Marketing Association (CMA). She’s been a member of the Association of Public-Safety
Communications Officials (APCO) and served on its Commercial Advisory Committee.
Other accomplished women are members of the Radio Club. For example, Elizabeth Sachs is a member
and Fellow of the Club. She has specialized in communications law as an attorney in the Office of
Government Relations at Motorola, Inc., in Washington, D.C. She is the General Counsel for the
American Mobile Telecommunications Association (AMTA) since its inception. Liz Maxfield is also a
member and Fellow with the Club. Liz was senior vice president for industry affairs, vice president and
executive deputy director for CTIA. She’s represented various communication clients in cellular, local
exchange, broadcast and microwave before the FCC. She’s also served as deputy director for the FCC’s
Office of Public Affairs.
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Debra Baker has been a writer and editor in the wireless industry since 1981. She’s a member and Fellow
of the Club and she’s been a board member and chaired the Publications Committee for many years. She
received the “Special Services Award” from the Club in 2004. June Poppele has been involved in the
Club for over 30 years, with 20 of those years as chair of the Good & Welfare committee. She is a Life
and Honorary member and Fellow of the Club. Connie Conte started working for Jack Poppele and the
Club 30 years ago and has worked tirelessly as the banquet coordinator. Connie is a member and Fellow
of the Club.
(Carole Perry (fifth from left) with young adults during a reunion in
Boulder, Colo. These children had presented at Carole’s Youth Forum at
the Dayton HamVention over the past 17 years. Photo provided by Carole.)

Carole Perry has been a member of the Club since
1991 and she is also a Fellow. After a 16-year career as
executive vice president for RapidCircuit Inc., an
electronics manufacturing company, Carole joined the
staff of Intermediate School 72 in Staten Island, NY,
where she created the curriculum for “Introduction to
Amateur Radio.” She retired in 2004 and now
currently serves as a columnist for WorldRadio
magazine. Carole is the recipient of the “Dayton Ham
of the Year” award, the ARRL “Instructor of the Year”
award, the Veteran Wireless Operator’s Association “Marconi Memorial” award, the Quarter Century
Wireless Association “President’s Award,” and the Club’s ”Barry Goldwater Award.” At this year’s
Radio Club banquet, Carole is the recipient of the RCA President’s Award in 2009.
This information is just to whet your appetite to learn more. For a complete history of the Club visit our
Web site at www.radioclubofamerica.org.
The camaraderie and networking with interesting and talented people is what I value most about being a member of RCA. I
would recommend that anyone looking for a great opportunity to participate with a variety of technical, interesting people
should join RCA. For those interested in preserving our rich wireless communications heritage; or those who want to join our
efforts in introducing technology classes into schools across the country; we welcome you. Carole Perry, director, Fellow and
co-chair of the Radio Club’s Education Committee.

Fast forward 100 years. The Club’s members are still trailblazing a path through the wireless industry.
They’ve progressed to satellite-based Global Positioning Systems, wireless voice and data devices that for
many have replaced landline telephone and the sharing of information through mobile Internet and
“smart” networks. The 4G wireless network standard for mobile video and high-speed wireless data
services looks to achieve download transmission speeds of 300 Mbps, with Long Term Evolution (LTE)
technology ahead in the race as the next-generation wireless network standard.
What’s available for today’s Club members?
The Club’s unique impact goes beyond its impressive membership list. There are various reasons why
wireless professionals - men and women – join the Radio Club of America. It’s a great way to network
with like-minded professionals and continue to share concerns, rally around causes and celebrate
successes.
Members meet for breakfast at major industry trade shows like the IWCE and APCO annual conferences.
The Club also has a booth at major events to encourage new membership and donations to the scholarship
Page 4 of 12

fund, the purchase of Club-sponsored merchandise, service on committees and attendance at the annual
banquet. Members also receive the Aerogram quarterly for Club news and activities and The Proceedings
twice per year which offers a more historical and scholarly approach. A Directory is published for
members every other year. Members also receive a monthly e-newsletter for late-breaking information
and news. Finally, the Web site, www.radioclubofamerica.org is a good resource for learning more about
the Club and its members and posting news releases, events and sharing industry information.
It is always a value to be able to communicate with other members who have had many of the same experiences as you and
how they were able to handle the problems. It is where the older meet the new members and have an opportunity to share
their experiences. Also, it is where the young members meet the older members and are given the time to share their views. It
took me several years to make up my mind and a lot of discussions with Fred Link before I finally sought membership in the
Club. Now after 26 years and looking at my membership, signed by Fred that has been hanging on my office wall all of these
years, I have to ask myself why I waited so long. These valued membership associations will continue the rest of your life and
hopefully be passed along to your children when you decided to step down. Ray Collins, Fellow.
(Fred Link pictured far right, was not only known as the “father of mobile radio,” but he was
known for encouraging active industry men and women into joining the Radio Club.)

What does membership mean?
Members receive a strong backbone of support with an almost
infinite access to a variety of technical expertise and resources.
There are various levels of membership. Regular members receive
all the benefits of the Club. Based on tenure in the Club and
professional accomplishments, members can advance to “Senior”
membership. Certain members whose contribution to the Club has
been outstanding may also be awarded “Fellow” status if deemed
appropriate by the Board of Directors. Those distinguished members
who have given their time, talent and energy life-long to the Club in
substantial ways may be deemed “Life” members. Members can also
be elected to serve on the Board of Directors.
The Club has seven officers, 14 directors and an executive committee that includes the officers. The
executive committee meets four times per year via conference call in addition to the board meetings.
Board meetings are held twice a year (a mid-year meeting the first weekend of June and a meeting in
November during the awards banquet weekend. Directors serve two-year terms.
There are also various committees that seek to advance the Club:
•

•
•
•

Awards & Fellows Committee. Working with the Executive Committee, the chair
works to determine noteworthy annual award winners and members to be elevated to
“Fellow” status. Contact: Vivian A. Carr, chair, executive vice president and Fellow,
v.a.carr@ieee.org
Banquet & Meetings Committee. Duties include organizing the Club’s annual awards
dinner including locating keynote speakers. Contact: Mal Gurian, chair, president
emeritus, Life Member, and Fellow mgurian@malgurianassoc.com
Centennial Celebration Committee. Responsible for planning the 100th –year
Anniversary Banquet and Awards Ceremony. Contact: Debra Baker, chair, director and
Fellow, dbaker@telecomweb.com
Constitution & By-Laws Committee. Serves as legal counsel for the Club. Contact:
Robert H. Schwaninger, Jr., co-chair, vice president/counsel and Fellow,
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rschwaninger@sa-lawyers.net. Robert B. Famiglio, co-chair, vice president/co-counsel
and Fellow, rbfamiglio@AOL.com
(Thank goodness “education” in wireless has changed a bit! W.E.D. Stokes’
book collection pictured at left. Photo courtesy of the Antique Wireless
Association.)

•

•
•
•
•
•
•
•
•
•
•

Education Committee. This
Committee consists of two groups. One
focuses on students in grades 12 and
below who have demonstrated technical
excellence and creativity in wireless communications and are eligible for the newly
created "RCA Young Achiever'
s Award." It also works on introducing and supporting
amateur radio/technology programs in high schools and junior high schools across the
country. Contact Carole Perry WB2MGP, co-chair, Director and Fellow:
WB2MGP@ix.netcom.com. The second group wants to further outreach through
providing programs, seminars and short lectures through continuing education at Club
and industry events. Contact: Richard P. Biby, P.E., co-chair, director and Fellow,
rbiby@ag-magl.com.
Finance Committee. Responsible for all financial aspects of the Club. Contact: position
open.
Good & Welfare Committee. Gives comfort and support to those who are ill or those
families who may have lost a loved one. Contact: June P. Poppele, chair, Life and
Honorary Member and Fellow.
Historical Committee, Museums & Archives Committee. Responsible for the research,
tracking and upkeep of all historical aspects of the Club and industries. Contact: Kenneth
A. Hoagland, chair and Fellow, kenhoagland@hughes.net.
Long Range Planning Committee. Responsible for preparing for future activities and
operations of the Club. Contact: Philip Casciano, chair, president emeritus and Fellow,
Philc@pmcreps.com.
Marketing Committee. Responsible for creating and implementing strategies to attract
new members, sponsors, speakers and volunteers and to help increase donations. Contact:
Sandra L. Black, chair, director, and Fellow, slblack@tn.twcbc.com.
Membership Committee. Responsible for leading the quest to encourage qualified new
membership.Contact: Craig Jorgensen, chair, director and Fellow, jorgensen@quantumtelecommunications.com.
Nominations & Elections Committee. Responsible for overseeing the Club’s election
process. Contact: Anthony Sabino, Jr., chair, president emeritus and Fellow,
tsabino@regionalcom.com.
Publications Committee. Oversees all member publications. Contact: Debra Baker
Wayne, chair, director and Fellow, dwayne@accessintel.com.
Scholarship Fund Committee. Oversees requests for consideration from colleges,
makes recommendations to Board and receives scholarship funds for grants. Contact:
John E. Dettra, Jr., chair, director and Fellow, jdet1@verizon.net.
Sections/Industry Conferences Committee. Facilitates the formation of the Club

Sections (or chapters), forms affiliations with kindred non-profit organizations,
hosts events and meetings of members and guests of RCA at radio industry
conferences, and promotes the Club with exhibit booths at radio industry events.
Future goals include having a liaison network including numerous radio industry
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•

•

organizations and having an experts/speakers bureau. Contact Richard
J. Reichler, chair, Life Member and Fellow, rjrwireles@aol.com.

Regional Conferences Committee. Manages the annual Texas Event including
providing technical sessions (the Digital IP for Radio Professionals training course) at
Texas APCO annual conference and the IWCE/APCO Conference breakfasts. Also
includes the Technician of the Year Award and the Club’s being an exhibitor and sponsor
of the Texas event. Contact: Carroll L. Hollingsworth, chair, director and Fellow,
dhlago@aol.com.
Web site Committee. Committed to collecting and posting information to honor the past
and promote the future. Contact: Bruce McIntyre, chair, Vice President and Fellow,
bruce@towerinnovationsinc.com.

Because of the Club’s commitment to the future of the industry and continued training and education
of its participants, several areas need to be highlighted:
Scholarships
Somewhat unique to non-profit organizations in these difficult economic times, the Club continues to
offer a healthy scholarship and education program to ensure that talents and skills are available for future
technological advancements. In 2008, for example, the Club awarded scholarships totaling $18,000 to 15
deserving students – young people who without this assistance wouldn’t have been able to complete
college. The addition of new scholarships is also growing each year, enabling the Club to increase its
investment.
As stated in the Radio Club’s constitution, the Radio Club shall provide a ‘scholarship fund for needy and
worthy students for the study of radio communications’. However, over the years the
Radio Club’s membership and officers have become diverse in the related fields. The Club is a Section
501(c)(3) corporation by which donations to the Scholarship Fund are tax deductible.
Over the years several of our Club members and/or their families have established a named fund in honor
of their commitment to the development of studies of students pursuing college degrees in the related
fields of radio communications. Some of the named funds besides the General Scholarship Fund are the
Goldwater, Gunther, Link, Poppele, Brownson and other funds. The Scholarship Fund is completely
separate from the general operating fund and only the interest/dividends from these funds are used for
grants to the various colleges to be applied to the tuition of upper class students studying in the related
communications fields. Generally, the grants are $1,000.
The Scholarship Funds are invested in highly rated securities and bonds so our grants have been fairly
stable over the last several years. In order to get about $1,000 return for the year, a fund should be
established at $20,000. When the grants are made the college/student are told that the grant was made by
the named fund. Many of the colleges that receive grants are located near members of the Club so that the
Club member can attend scholarship functions and meet the student that received the grant. When the
grants are made, it is requested that the student acknowledge the grant, what the grants means to them,
and then the Club makes them a student member of the Radio Club for two years free. As a 501(c)(3)
organization, the granting of scholarships is the main part of the Club’s service and outreach program.
The Chairman of the Scholarship Committee makes an effort to relay the letters received from the
students to those that have a named fund. These letters are most heart warming and communicate that
these grants have made a difference and helped students graduate with a degree. The Club is proud of the
students to whom it has made grants and are now outstanding leaders in wireless fields of interest.
Questions? Contact: John Dettra, Chairman, Radio Club Scholarship Committee, 703-790-1427.
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I value membership in the Radio Club as a connection to the present, future and past of the radio industry. Membership in the
Club is an opportunity to network with industry movers and shakers. Another reason that I value membership in the Club is
that my father had a lifetime involvement with the radio industry. I grew up with transmitters, receivers, nets and call signs.
Some of my first words were pronouncing the call sign for the station where my dad worked, KFYR and his amateur call sign
W0CJC. He was an inspiration in my education and career path. Although my dad was not a member of the Radio Club, my
membership connects me to an industry that he valued during his life. Manny Gutsche, Fellow.

Education
In November 2008, the Radio Club created the Education Committee which serves both the talented
young amateur (youth in grades 1 through 12) as well as the technically savvy radio professional. The
Committee also wants to increase awareness of amateur radio at events like the Dayton Hamvention.
(It’s never too early to teach children about radio! Pictured left, kids are being
given a radio demonstration at the Villages Amateur Radio Club. Photo provided
by Carole Perry).

Youth outreach
The first goal is to encourage promising young achievers in
secondary and primary schools across the country,
beginning in Staten Island, New York. One of our goals is
to locate students in this demographic who have
demonstrated creativity and technical excellence in
wireless communications. A special “RCA Young
Achiever’s Award” certificate has been created to present
to these youngsters along with a stipend check to
encourage them in their technical pursuits. To date, we have given out 11 Young Achiever Awards; nine
to Dayton Youth Forum speakers, one to a high school senior in Staten Island, New York, and one to an
accomplished special needs senior in Long Island, New York.
The Richard G. Somers Youth Educational Fund was recently “established to encourage and support
educational, technical, ham radio and related activities of young people through high school,” according
to Carole Perry, co-chair of the RCA Education Committee. Richard Somers brought the fund to $100,000
in recognition of RCA’s 100th anniversary and the fund’s sole purpose is to assist young people in
expanding their studies and interest in wireless communications. A contribution of $8,200 from the
remaining treasury of the former National Mobile Radio Association, known for its activities to lobby the
FCC and Congress in support of community repeater and SMR operators’ interests, also went to
increasing the Somers Youth Educational Fund. Many Club members were either members or
contributors to that association so it seemed fitting.
In July 2009, the Education Committee began an equipment donation program for schools and now
accepts used radio equipment. The committee has a system in place that is able to receive donated radio
equipment, and is set up to inspect and repair the equipment. The donations are then forwarded to a predetermined school or to a group that works with young children. For more information, contact Carole
Perry at WB2MGP@ix.netcom.com.
Another goal of this Committee is to seek out schools that have wireless technology programs that may be
in need of funding. One of our missions is to encourage the establishment of ham radio/technology
classes in as many schools as possible.
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It's wonderful to belong to an organization that is predicated on honoring the past achievements of our industry's pioneers and
the present day successes of our colleagues. In addition, and most importantly, RCA is profoundly influencing the future by
working with young children interested in radio and providing scholarships to deserving college students. Phil Casciano,
president emeritus and Fellow.

Continuing education for professionals
The second group of the Education Committee strives to offer current wireless professionals a way to
learn about new technology and advance professionally through providing education programs, seminars
and short lectures as continuing education at Club events.
Tom Janca, CETsr with the Electronics Technicians Association (ETA) and Richard P. Biby, P.E.,
committee co-chair, director and Fellow of the Club, has developed an Internet Protocol (IP) basics oneday course, designed to provide the fundamentals needed to work effectively within the changing world
of communications networks. As radio systems are technically, functionally and organizationally
becoming more of an extension of an integrated network, with backhaul and voice- and data-carrying
capabilities, radio networks are being integrated under IT departments and no longer can be viewed as
stand-alone networks. Because radio networks are fairly complex, the course was developed to help radio
technicians and technical staff understand the fundamentals of IP networks, rather than help IT groups
understand radio networks.
The first course was held at the Texas APCO annual conference in April 2009. The committee plans to
make three presentations in 2010. Working with the Radio Club, the ETA is developing a companion
technical certification to the training. The Digital Two-Way Radio Network Technician credential will be
ready for release by the end of 2009. ETA will provide Continuing Education Credit’s for the new
training.
Although this course and others could become a profit maker in the future, it’s being pursued currently to
promote awareness of the Club and assist wireless industry professionals. This is a timely, relevant and
needed course by many people in the industry; however, as a single day long course, it can only help
establish the fundamentals of many important technologies. Currently, this course covers the basics of IP
networks and is geared for radio communications professionals; this is not a radio-over-IP course. For
more information, contact Richard P. Biby, P.E., co-chair, director and Fellow.
The Annual Banquet and other Club events
Over the years, the Annual Banquet has been held in New York City. The 2009 banquet to commemorate
the 100th anniversary will be held at the Georgetown University Hotel and Conference Center in
Washington, D.C., a first in the Club’s history. There
will be the opening cocktail reception Friday evening,
the technical symposium, exhibit room, silent auction
and amateur radio special event station on Saturday
leading up to the banquet.
(Steve Forbes, pictured far right, receives a Special Recognition Award
from Mal Gurian and the Club for his Outstanding Achievement and
Leadership in Global Communications.)

Past guest speakers and other guests-of-honor have
been Senator Barry Goldwater (member and Sarnoff
Citation recipient); media and business magnate Steve
Forbes; “60 Minutes” commentator Andy Rooney
(honorary member); broadcast giant and amateur radio
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licensee Walter Cronkite (honorary member and Armstrong Medal recipient); newscaster Brian Williams
(the Sarnoff Citation); Princess Maria Elettra Elena Anna Marconi, daughter of Guglielmo Marconi;
Morgan O’Brien (Fellow) and Steve Largent, president and CEO of CTIA.
I value meeting and working with interesting people from the entire spectrum of the radio community, learning
about stimulating aspects of radio science and history, and supporting RCA's worthwhile charitable, educational, and scientific
missions. I recommend that people join RCA for those same reasons. Rich Reichler, Life Member and Fellow.

The awards to be given out at this year’s banquet are:
Fred M. Link Award – Terry G. Daniels, Fellow
Ralph Batcher Memorial Award – Bart Whitehouse, Senior member and Fellow
Jack Poppele Broadcast Award – George Woodard
Alfred H. Grebe Award – Larry Conlee
Barry Goldwater Award – Ralph A. Haller, Fellow
Special Service Award – Richard P. Biby, P.E., director and Fellow
Special Service Award – Carroll L. Hollingsworth, director and Fellow
President’s Award – Carole J. Perry, director and Fellow
NPSTC’s Richard DeMello Award – Donald E. Root, Jr., member
All Radio Club of America Awards
To commemorate the Centennial anniversary of the Club, here is a list of all the available awards and
their significance in history:
The Armstrong Medal, est. 1935 – bestowed on a member who has made an important
contribution to the Radio Art and Science.
The Sarnoff Citation, est. 1973 – to a person or Club member for significant contributions
to the advancement of electronic communications.
The President’s Award, est. 1974 – president selects person for unselfish dedication to
support of the Club.
The Edgar F. Johnson Pioneer Citation, est. 1975 – annually to long-time members who
have contributed substantially to the success and development of the Club or the art of
Radio.
The Special Services Award, est. 1975 – persons who have contributed substantially to
the support and advancement of the Club.
The Ralph Batcher Memorial Award, est. 1976 – member who has assisted substantially
in preserving the history of radio and electronic communications.
The Allen B. DuMont Citation, est. 1979 – awarded to a person who has made important
contributions in the field of electronics to the science of television.
The Henri Busignies Memorial Award, est. 1981, who has contributed substantially to the
advancement of electronics for the benefit of mankind. Busignies invented the UHF
direction finders used in WWII to track down enemy submarines with very short sample
time of transmission.
The Lee DeForest Award, est. 1983 – person for significant contributions to the
advancement of radio communications.
The Fred M. Link Award, est. 1986 – persons who have contributed substantially to the
advancement and development of land mobile radio and communications.
The RCA Centenarian Award, est. 1989, to any living member attaining the age of 100
years.
The Jack Poppele Broadcast Award, est. 1989, person who has made important and longterm contributions to the improvement of radio broadcasting.
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The Barry Goldwater Amateur Radio Award, est. 1994 – recognition of long record of
service to the public through the use of amateur radio.
The Alfred H. Grebe Award, est. 1994 – recognition of achievement of excellence in
engineering and manufacturing of radio equipment.
The Frank A. Gunther Award, est. 1996 – major contributions to the advancement of
military electronic communications systems.
The Jerry B. Minter Award, est. 1996 – significant contributions to the electronics art
through innovation in instrumentation, avionics and electronics.
The Special Recognition Award, est. 2000 – in appreciation to individuals for their
dedicated service to the Club.
The NPSTC’s Richard DeMello Award, est. 2006 – individual in public safety
communications who has demonstrated the highest levels of personal and professional
conduct and performance in the local, state and national arena.
Amateur/ham radio supports the Radio Club of America
When the Radio Club of America was founded in 1909, most everyone involved in radio was an amateur
as commercial radio communication was also in its infancy. At one time all of the Club’s members were
amateur radio operators, and now while not as many of our members are radio hobbyists, a large portion
of members are either active operators or still maintain their licenses.
“Many of us began our communications careers via an interest in amateur radio, and one of our current
goals is to expose as many individuals as possible in the next generation, to communications and
technology via amateur radio,” said Stan Reubenstein, president and Fellow.
Many of the Club’s ham members also founded radio companies or become active in the communications
industry. A few notables who were Club members (some were mentioned above): Art Collins, W0CXX
(Collins Radio), Walter Cronkite, KB2GSD, Senator Barry Goldwater, K7UGA, Fred Link, W2ALU, Bill
Halligan, W9AC (Hallicrafters), Jim Larsen, K7GE (Larsen Antennas) and Bill Eitel, W6UF (EitelMcCullough, co-founded with Jack McCullough). “I am pleased to say that as a member of the Club I
was able to meet all of these individuals and many more, said Reubenstein.
More recently two of the Club’s members who are also hams are Carole Perry, WB2MGP, and Ken
Miller, K6IR – both awarded the “Ham of the Year” award at the Dayton Hamvention.
The 100th Anniversary Commemorative QSO Party
The 100th Anniversary QSO Party was a two-day affair held Jan 2-3, 2009 to help celebrate the
centennial birthday of the Radio Club of America. A “QSO” is a conversation or contact via amateur
radio. The original “Q” codes were created in 1909 by the British Government as a standard three-letter
message that stood for either a statement or question. They were developed for use with commercial
radiotelegraph communication and later adopted by amateur radio. Q codes continued to be employed
after the introduction of voice transmissions.
January 2 was the actual date the Club was formed so it added historical significance to the QSO Party.
More than 160 conversations were logged by W2RCA alone along with dozens more by member stations.
Ham radio operators Eric Stoll, Gil Houck and Mike Katzdorn staffed W2RCA Friday, Jan. 2 and Bob
Raide staffed it Saturday, Jan. 3 as W2RCA. Almost two dozen member stations checked in for both
days, but not all the logs are in yet.
Page 11 of 12

The Club call, W2RCA, caused quite a stir on Saturday when most people were home from work. There
were times on the 20-meter band where more than several stations were calling in at the same time.
More than two dozen stations, both members and non-members, followed W2RCA to all three bands.
Some of the member stations to achieve this "Triple Crown" feat were K0RL, N9UPG and N2NA, just to
name a few. Some of the members who worked W2RCA included Stan Reubenstein (WA6RNU),
W6NSV, N9UPG, N2NA, K2GJJ, N0JG, K0RL, W9PSE, AA1A, K0TTY, W5VXI, VE2CV, K4NBC,
W8FSF, KB3LSX, W3BXO, W6EM and W2RS.
Why I value the Radio Club: I value the friendships I've made along the way. The mentoring and education that I have received
for those who share their life with me and their experiences in the Club. I really enjoy the camaraderie of the intellectuals
getting together without the competitor egos and agendas getting in the way. I love the education the most. To become a part
of History, present and the future thoughts and dreams of everyone who participates in the Club. To see and be first hand
while the world changes from one path to another in all aspects of communications, passing the torch from one generation to
another for the preservation of our future. Knowing you are part of the world that very little get to see but effects everyone who
touches our dreams by their small participation by utilizing our ideas in their everyday lives. Sandra Black, director and Fellow.
This white paper was written for the person who may be considering membership in the Radio Club of America
but who may not be familiar with the organization. This information is in no way all-inclusive but hopefully will
whet the appetite of someone interested in learning more about the Club, the benefits of membership and the
importance of its history and commitment to furthering education and technical advancement in the wireless
communications history.

Attributes in putting together this overview of the Radio Club of America:
1 1923 article by The Editor of the publication Radio Broadcast, Volume II, November 1922 to April 1923, Double
Day, Page & Company, 1923, entitled "The First Amateur Radio Club in America" see
http://www.archive.org/stream/radiobroadcast02gardrich#page/n3/mode/2up
2 May 1, 1910 article by The New York Times Sunday edition, Magazine Section, Page SM5, entitled “Wireless
Wonder Aged 14 Amazes Senate Committee.”
3. The Radio Club of America Web site and various Club members who provided information.
4. Special thank you is extended to the Antique Wireless Association for use of their early industry photos.
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The Many Faces of Radio
By Martin Cooper (F)

The term “radio” was first used around 1906, only a few years before the Radio
Club of America was established, although the science and technology
supporting radio dates back to at least 1873. The word “radio” embraces any
form of electromagnetic communication. The history of radio is especially rich in
colorful contributors and conflicting claims. For example, depending upon
national or historical biases, any one of at least four persons was the inventor of
radio. The stories about the conception of the scientific principles behind radio
and the evolution of the many industries it has spawned are dispersed into
hundreds of books, articles, and other documents. The archives of the RCA
contain many of these stories and the Jubilee Proceedings include much of this
material.
The “Many Faces of Radio” is a project intended to create a living history of
radio that provides simple access to this rich history. The basis of this project is
a “mindmap,” a pictorial representation that acts as a source of information with
portals into the Internet as well as notes, video and audio clips. A picture of the
beginnings of this mindmap looks like this:

The initial screen of the “Many Faces of Radio” mindmap is, in itself, an
incomplete overview that offers an introduction to the complexities of a history
of radio that has evolved during the past 140 years. It also is, in a sense, a
description of our membership and a guide for the recruiting efforts of those
who strive to grow and refresh our membership. But even more, the “Many
Faces of Radio” offers the opportunity to access, with the click of a mouse key,
the vast body of historical data resident on the Internet, in RCA archives and in
the minds of RCA members. It is intended that the “Many Faces of Radio”
becomes a living, constantly evolving archive that seeks to enhance one of the
fundamental aims of the Radio Club of America, the preservation of the history
of our passion.
We invite the Radio Club membership to contribute to “Many Faces of Radio” so
as to maintain it as a living document. The “Many Faces of Radio” mindmap and
instructions for such contribution appear at www.dynallc.com and, we expect,
from the Radio Club of America Web site.

P.S. To read the small print on the mindmap in this document, you will have to
zoom in using the Microsoft Word Zoom button. When opened as a Web Page,
the zoom button on that page will magnify the picture.

The Mythical Spectrum Shortage
by Martin Cooper (F)
People are mobile! They are naturally, inherently mobile. You see that every time you drive the
streets of your city or walk its malls. It seems that few people are where they want to be and they
all seem to be on there way to somewhere else. And yet we in the telecommunications business
have a history of constraining this need for mobility. We started by chaining people to there
homes and desks with copper wire, then we introduced wireless and trapped them in their cars,
and now that cellular telephony is a reality, we offer mobility for their computers but give them a
choice between very expensive and slow cellular service or the constraint of a WiFi “hot spot”
that lengthens the chains but hardly eliminates them. Personal telecommunications requires ever
increasing bandwidth delivered to individuals at ever decreasing cost. There is no technological
or economic reason that keeps us from doing just that. But the telecommunications industry is far
from fulfilling this need; and at the top of the list of excuses for our painfully slow progress is
the radio frequency spectrum.
The primary reason for our inability to move rapidly in availing ourselves of the potential of lowcost personal broadband wireless is our inability to manage the radio frequency spectrum.
Instead of encouraging new technology that drives the cost of services down, we create the
appearance of scarcity that discourages innovative spectrum use. Instead of driving more
effective use of the spectrum we incentivise spectrum hoarding. Instead of allowing market
forces drive our industry forward, we meddle with the market for spectrum and keep these
market forces from operating.
A different technology based view of the spectrum might accelerate our progress and that is the
subject of this paper.
Let’s start at the beginning. Is there really an increasing need for personal spectrum, how have
we met this need in the past, and how the need for spectrum will be fulfilled in the future? There
is no doubt that our society will ultimately secure the freedom, the productivity, and the many
other benefits that come from using radio frequency spectrum. It will take a lot of technical and
regulatory creativity, a lot of financial and intellectual investment before that happens. . But
there is a direct correlation between our prosperity and our ability to communicate. We can, and
should move faster.
The radio frequency spectrum has some unique properties. It has become common to refer to the
radio frequency spectrum as a form of property and yet spectrum has no substance, no
dimensions, and no real physical properties. In fact, for all practical purposes the spectrum does
not really exist until we either use it - or misuse it. The one aspect of the spectrum that is the real
source of all of the technological, legal, and regulatory machinations that have been going on for
over a hundred years is that use of the spectrum for any practical purpose requires some form of
exclusivity. Spectrum is analogous to space, rather than property. That is to say, two objects or
two people cannot occupy the same space at the same time. Similarly in order to extract a unique
signal, or message, out of the cacophony of electromagnetic energy that surrounds us, some of it
natural but mostly man-made, that signal or message has to occupy a portion of the spectrum
with enough exclusivity to allow us to extract it to separate it from all of the other messages and

noise that permeate the spectrum. CDMA, ultra wideband, and some other technologies purport
to occupy one segment of spectrum with multiple signals, but there is no free lunch. All of the
technologies that we use to access the spectrum, whether they are time division, frequency
division, code division, or spatial division, carve up the radio spectrum in such a way that any
one piece of it is usable for a specific communication only to the exclusion of all other
communications.
There are degrees of exclusivity. An extreme example of exclusivity occurs in the television
broadcast bands where, in an overzealous attempt to defend the right of the public to watch the
50th rerun of “Law and Order”, a single television broadcast channel not only has exclusive use
of a specific range of frequencies, (of spectrum) but also of a number of other frequency ranges
that could offer added channel capacity but are prohibited from doing so because, at some time
in the distant past there was the possibility that someone operating in these other spaces could
create signals that would interfere with the primary channel. The result of this overzealousness is
that, in some cases, a single 6 MHz television channel had, until recently, regulatory exclusivity
of as much as 30 or 40 MHz. We call the restrictions, the guard bands, that keep us from using
all of these channels “taboos”, and if that term brings to mind magic and sorcery it's not
surprising because there is very little connection with the taboos today’s reality.
Most users of the spectrum do not have the luxury that was been enjoyed by the television
broadcasting industry during the past 60 years or so. Unlike real estate property, you can't build a
fence around a segment of radio spectrum. Your neighbors, whether they are geographic
neighbors or frequency neighbors or code neighbors, always intrude on your property (we call
that interference); it's only a question of how much. And that very simply is the essence of why
we have needed some form of government regulation since Marconi discovered some years ago
that his competitors could put him out of business by just transmitting on the same frequency as
he was.
These remarks are focused upon the technology of spectrum use but a mention of the legal and
regulatory aspects of spectrum may be appropriate. If, by some magical means, we could
suddenly create a huge abundance of radio spectrum, the need for all of the creative proposals for
new ways of regulating the spectrum would become unnecessary. If there was enough available
radio spectrum so that anyone who needed to occupy a portion of the spectrum in a given place
for a given amount of time could do so, we could dispense with that part of the regulatory
process that has slowed us down so much and get on with the technology of bringing the benefits
of the radios effect from to the people. And yet since the beginning of radio, since Marconi made
his first transatlantic transmission of hundred and 10 years ago, technology has been doing just
that. By at least one measure, technologists have essentially doubled the amount of information
that can be passed through all of the usable radio spectrum every 2 1/2 years, every 30 months
for the past 110 years (see Chart 1).

In technical terms the measure of throughput of personal communications, of spectral efficiency,
is bits per second per hertz per sector. There is a simpler way of viewing the capacity of
spectrum to accommodate communications. Think about a measure of throughput as the number
of bits per second that can be put in the form of messages from one point to another over all of
the useful radio spectrum, using the best technique available at any given time, over the entire
world. By this measure, the capacity of the radio spectrum has doubled every 30 months for over
110 years. That’s a very profound conclusion. The spectrum has, for the past 110 years, grown
faster than our ability to use it. The useful technical capacity of the spectrum, its ability to carry
information has increased by a trillion times in 110 years.
Furthermore we engineers already know enough about the technologies of the future to safely
predict that the world is going to be able to continue this rate of expansion of the capacity of the
spectrum for at least another 50 or 60 years.
Let me point out three interesting observations about this expansion of capacity. First, the growth
has not been continuous, but rather sporadic. The real leaps forward were made when people
were either starved for spectrum by regulatory abuse or when the government mandated
improvements in spectral efficiency. Second, almost all of the increase in capacity of the
spectrum was by virtue of geographic sharing. Finally, there is a direct correlation between the
cost of delivering communications and the efficiency of the process. The cost of delivering a
message has dropped in half about every 42 months for over a century (chart II).
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We have never used very much of even the part of the radio spectrum that we understood how to
use and we are certainly not using very much of it today. So let me make a statement which may
be considered outrageous but which is readily provable.
There is no scarcity of spectrum today - there never has been a shortage of radio frequency
spectrum, and there never need be.
Most of the radio spectrum today is unused, vacant. Here are some of the ways in which we keep
spectrum from being available to benefit the public:
Guard bands are assigned to protect assignees of spectrum that were appropriate in the past
that do not reflect improvements in technology.
Spectrum is assigned to entities who underuse the spectrum, or who don't use it at all
Spectrum is assigned over broad geographic areas to entities that use it in limited portions of
these areas
Spectrum is assigned to entities that use the spectrum for only a small proportion of time
Spectrum assignees continue to use obsolete technology
And yet, despite this apparent squandering of an important natural resource, we always seem to
find room in the spectrum for new services and technologies. We are, very simply, creating
spectrum faster than it is being consumed.

Before I get on to explaining this conclusion, allow me to diverge for a moment to discuss the
issue of demand for radio spectrum.
Just how much bandwidth is needed to connect an individual electronically to the services that an
individual may need. The need of people for personal bandwidth is a moving target. For many
years we satisfied that need with radio pagers that require just a few bits to operate. We
graduated to analog voice with a bandwidth of about 4 kb per second and then to digital voice, as
used in cellular today at 10 kb per second. And yet when we listen to CDs and our iPods, we
demand fidelity that takes 100 kb per second and higher to fulfill. There is lots of room for
improvement in voice communication alone. But video communications is much more
demanding. For over 60 years we have been watching television pictures comprising a few
hundred thousand pixels. After well over 20 years of industry and regulatory effort, we can now
watch HD TV with, effectively, about 1.5 million pixels. But hidden in each of your eyeballs are
20,000,000 rods and 7 million cones that, when connected to your brain, provide you with
sufficient resolution to distinguish the headlights of a car as two separate objects 39 miles away.
Our grandchildren are simply not going to be satisfied with a million pixels - even simple digital
cameras now offer 10 million pixels. And while the industry is delivering 10 million pixels to
each individual now, the demand will arise for three-dimensional pictures that will create even
further demand for spectrum (Chart 3 below).

Personal Wireless Bandwidth
How Much is Enough?
Voice

Telephone quality – 64 kb/sec(10 kb/sec compressed)
Cell phone – 10 kb/sec
MP3 quality – 128 kb/sec
CD quality – 256 kb/sec

Browsing (text and Pictures

One Megabit per sec peak – >50 kb/sec average

Video (with compression)
TV – 1 mb/sec
HDTV – 5mb/sec
Movie theater – 20 mb/sec
Human eye – 250 mb/sec (each eye)
Chart 3

Let us return now to the issue of how we are going to create this new spectrum. How can we
squeeze more information, more bits per second, through a given bandwidth?
There are just a few technological methods for doing this:
Extend the range of radio frequencies over which we can conduct useful communication

Use more efficient techniques that squeeze more bits per second through a given bandwidth
Use methods that constrain communications to the minimum area required (geographic sharing
such as cellular telephony)
Extend the frequency range: The upper frequency limit of practical radio transmission is
determined by two key factors. The more important is the ability to transduce energy through
antennas that shrink by half each time we double the frequency. Effectively, the higher the
frequency, the less range we can achieve with a given amount of power. Secondly, the
frequencies above 3 GHz or tend to be more affected by rain, foliage, and other natural and manmade obstructions. Personal communications systems now extend up to 2.5 GHz. It is unlikely
that there will be significant further improvement.
More efficient techniques: In the 1940s, Claude Shannon developed a theorem that established
an upper limit on the amount of data that could be transmitted over a channel of a given
bandwidth and with a given signal to noise ratio. There’s a lot of technological wizardry that can
allow us to approach Shannon’s channel capacity, especially if the noise on the channel is not
random, but we’ve pretty much exhausted this approach to improving channel capacity. The new
technologies, WCDMA for example, allow us to operate at higher data rates but do not improve
overall channel capacity very much.
Geographic sharing: Most of the improvement in spectral efficiency since Marconi has resulted
from different forms of geographic reuse; in the future almost all the improvement will come
from this source.
How we are going to pull off this extraordinary multiplication of the amount of spectrum?
By 2020, we will effectively have the capability of multiplying the efficiency of spectrum use for
personal communications by about 32 times. Any block of spectrum in the usable range will thus
be able to accommodate 32 times more throughput than can be achieved with today’s
technologies. How are we going to achieve this huge multiplication of spectral capacity? Most
of the improvement is going to come from deployment of a technology that we call multiantenna signal processing, or MAS. MAS involves the use of multiple antennas at either or both
ends of all wireless communications path. The term MAS includes a plethora of technological
tricks that we engineers have created to maintain the mystic qualities of our profession including
"smart antennas", MIMO, spatial multiplexing, space-time coding, adaptive arrays, and so forth.
This is not new technology; it is widely deployed with proven performance. There are almost
300,000 base stations in China, Japan, and elsewhere serving nearly 100 million people using
advanced MAS technology. There are millions of WiFi access points deployed using MAS. And
the requirement for MAS technology is now embedded in the standards for WiMAX and LTE,
and for HSDPA handsets that will be part of the third generation cellular offerings.
While there are many forms of MAS, let me take a few moments to describe the principles
involved in most effective form of MAS.

Cellular systems achieve their spectral efficiency familiarly through reuse and hand off. A city is
divided into a number of coverage areas, which we call cells, each of which is served by a central
station that transmits and receives radio frequency signals. In transmitting, these signals are
broadcast throughout the area of the cell. Almost all of this transmitted energy is wasted; the
only useful part is the tiny bit of energy that actually impinges upon the antenna in your cell
phone. Not only is this energy wasted but it forms the interference that prevents others in this cell
and surrounding cells from using a particular frequency channel. Similarly when the base station
attempts to receive a signal from your handset, it only wants to listen to you but it is exposed to
transmissions from every other user in the cell who might occupy the same radio channel.
How wonderful it would be if we could focus the attention of the base station on a single user
and give it the ability to ignore other users on the same channel in a given cell. Equally
wonderful that would be the ability to transmit directly to a user with minimal interference to
others. MAS gives us the power to do just that. An MAS equipped they station initially listens
for a mobile signal are requesting its attention. It hears a different version of that signal with each
of anywhere from two to a dozen antennas. Now we get to the “processing” part. All of these
signals are delivered to a very powerful processor that combines them in such a way that the
desired signal is maximized in the undesired signals are minimized.
Here’s a simple analogy: Let us assume a base station with only two antennas. If we receive a
signal from a handset to each of these antennas and feed the output of the antennas to a processor,
the processor can add these signals together and provide an outlet that is twice as large as
random information coming from other sources. But if the signal is from an undesired source, the
processor can do just the opposite; it can subtract one signal from the other and essentially cancel
the signal out. In this simple case, a base station receiver can extract a signal from its
surroundings even in the presence of other signals on the same radio channel even if these other
signals are stronger than the desired signal. Similarly, once the transmitter knows the
characteristics of the handset whose signal it is receiving, it can send information back to this
handset and avoid wasting energy by sending the information throughout the cell.
If this sounds arcane, think about how you unconsciously use the fact that you have two ears. If
you were to close your eyes and I walked around your room while continuing to talk, you could
point at me with incredible precision. That ability is useful to you in several important ways. In a
noisy room you can listen to someone talking even though the surrounding noise is louder than
the voice of the person you're listening to.
My example and analogy are necessarily oversimplified. There are many creative ways of
combining the outputs of antenna arrays to improve wireless communication systems.
Functionally, MAS does some combination of the following:
Increase range and coverage
Reduce interference
Increase capacity
Increased data rates
Make channels more robust - fewer dropped calls
Improve spectral efficiency

All of these improvements translate to one very important result. MAS can improve the
economics of wireless communications by at least an order of magnitude. Every one of the
improvements listed above can be achieved in existing cellular systems by adding cell sites,
increasing power of base stations, or by simply acquiring more spectrum. But the most important
challenge in bringing the benefits of broadband communications to mobile people is the cost of
the service. Wireless carriers have been struggling for years to discover new applications that
will increase their average revenue per user. When they are able to make the cost of service low
enough, the applications will appear. Unfortunately for the carriers, the ARPU will not go up
significantly since people have only a limited amount of their income that they can apply to such
applications.
Here is a final suggestion about the regulatory process for radio frequency spectrum. If, in fact,
the value of the spectrum, properly used, will continue to grow at a rate anything close to what I
suggested earlier, then selling the spectrum at a fixed price makes no sense at all. Whatever
process is used to assign spectrum whether for commercial purposes or for government use, there
should be a mechanism that recognizes that proper use of the spectrum will continually increase
its value. To properly reflect this, spectrum assignees should do one or more of several things:
Start measuring the efficiency of spectrum use in each of the services that license
spectrum from the government
Be prepared to demonstrate that they are using the spectrum effectively or to return the
spectrum to a public pool.
Pay an increasing royalty to the government for the privilege of using this public resource
Conclusion
Broadband wireless delivered at affordable cost can improve our productivity, entertain us,
educate us, and improve our safety and health. But it can only achieve these benefits if it can be
delivered affordably and if the spectrum is used efficiently enough to provide this affordability.
Spatial technology, MAS, is here today and offers us a solution to the spectrum problem that
does not require radical changes in the
way we allocate spectrum.
The radio frequency spectrum belongs to
the public. It is licensed to entities under
the condition that they use it in the public
interest. Those entities should be required
to avail themselves of the most spectrum
efficient technologies.
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The Amateur Radio Service and the
International Telecommunication Union
By Kenneth Pulfer, VE3PU
Introduction
As we will see below, the International Telecommunications Union
(ITU), an agency of the United Nations, provides a forum for the
development, and subsequent amendment in international conferences,
of a multinational treaty governing the regulation of the radio spectrum
between 10 kHz and 1000 GHz.
One of the ITU objectives is to “facilitate equitable access to,
and rational use of, the natural resources of the radio-frequency
spectrum and the geostationary-satellite orbit”.1
To carry out this work, users of radio frequencies have been
somewhat arbitrarily classified into “services” or groups of users that
communicate with each other, and have a common interest in minimizing
interference from each other and from other groups of users. The
“aeronautical mobile service”, the “aeronautical radionavigation service”,
and the “fixed satellite service” are examples. The “amateur service” and
the “amateur satellite service” are also protected by the international
regulations. In fact, amateur radio has been recognized by the ITU as a
legitimate radio service since 1927, and is represented within the
organization by the International Amateur Radio Union (IARU), a society
representing national amateur radio associations around the world.2
An important aspect of the international radio regulations is the
allocation of the radio frequency spectrum to the various competing
services. In other words, many services have access (sometimes
exclusively) to particular frequency “bands” or blocks of spectrum for
their own use. It may come as a surprise to many that the amateur
services have access to about 10 percent of the allocated spectrum.

History of the ITU 3,4
1

Mission of the ITU: http://www.itu.int/net/about/mission.aspx
DeSoto, C. B. (1981). Two hundred meters and down, the story of amateur radio: Radio
amateur's library, publication no. 13. West Hartford, Conn: American Radio Relay League.
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Kevin William Lloyd McQuiggin (2001), Amateur Radio and Innovation in Telecommunications
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In 1844, Samuel Morse sent his first public message over a
telegraph line between Washington and Baltimore. It was not long before
similar systems were in operation around the world.
During the following 20 years, telegraph lines did not cross
national borders and because each country used a different system,
messages had to be transcribed and re-transmitted over the telegraph
networks of neighboring countries. It soon became obvious that some
form of standardization was desirable.
In 1865, the first International Telegraph Convention was signed
in Paris by 20 countries, and the International Telegraph Union (ITU) was
established to facilitate subsequent amendments to this initial treaty.
International conferences, sponsored by the ITU, were subsequently held
periodically to discuss technological developments and amend the treaty
as necessary.
Following the invention of the telephone in 1876, the
International Telegraph Union began, in 1885, to draw up international
regulations governing telephony as well as telegraphy. Some 20 years
later with the invention in 1896 of wireless telegraphy, the first type of
radiocommunication, it was decided to convene a preliminary radio
conference in 1903 to study the question of international regulations for
radiotelegraph communications. Long distance propagation increased the
possibility of international interference, making such regulation even
more important.
With the subsequent development of radiotelephony and radio
broadcasting, the role of the ITU expanded, and it was decided to
change the name to The International Telecommunication Union. The
new name came into effect on 1 January 1934.
After World War II, in 1947, the ITU became a specialized agency
of the newly created United Nations. Currently over 180 countries belong
to the ITU.
Although full ITU membership is open only to sovereign states, by
the beginning of 21st century some 360 scientific and industrial
companies, public and private operators, and regional/international
organizations including the IARU took part in ITU's ongoing work. These
so called ITU Sector members cannot vote on agenda items during a
conference, but must achieve their objectives by informally influencing
positions taken by country delegations.
History of the IARU 2
In the early 1900s, as radiotelegraphy came into use for maritime
safety and subsequent commercial communications, frequencies above

about 1.5 MHz were difficult to generate and thought to be of little use.
They were therefore left to experimenters or “radio amateurs”.
In the early 1920’s, radio amateur Hiram Percy Maxim, then
President of the American Radio Relay League, recogized that the higher
frequencies were capable of long range communication with low power
and simple antennas and that these frequencies would soon be
reallocated from amateur use to broadcasting, commercial
communications and military applications. He therefore saw the need for
an international organization to protect the interests of radio amateurs.
In 1924 Maxim met in Paris with an international group of
amateurs from France, Great Britain, Belgium, Switzerland, Italy, Spain,
Luxembourg, Canada and the USA and made preliminary plans for an
organization to be known as the International Amateur Radio Union.
In 1925, the amateur radio representatives of 23 countries met
again in Paris to create the IARU and to adopt a constitution. While most
of the countries represented were from Europe, there were also
delegates from North and South America, and from Japan.
It was soon realized that international lobbying was essential to
the continued existence of Amateur Radio, in what was becoming a far
more competitive and aggressive environment. The first ITU meeting in
which the IARU participated (as a subcategory of private experimental
stations) was the International Radiotelegraph Conference held in
Washington, DC in October-November 1927 that resulted in the
Washington Convention of 1927. The IARU representatives likely
functioned through the US delegation with some assistance from a small
handful of other friendly administrations; there was no credentialing of
an "IARU delegation" as such.
The first time the IARU was admitted to the work of the ITU in its
own name was at the Madrid conference in 1932. The first preparatory
meeting at which we find a record of IARU participation was held in
Portugal in 1934. The IARU was admitted by specific action of the Madrid
conference (one of five international associations so admitted).
During the subsequent 75 years, the IARU has gradually become
more effective, with its influence at the ITU increasing markedly in the
past twenty years. The primary emphasis of the IARU is now the
promotion and protection of the Amateur and Amateur Satellite
Services. IARU representatives regularly participate in the International
and Regional telecommunication conferences, as well as in the on-going
Study and Working Groups which are part of the ITU structure.
Amateur radio participation in ITU studies and at World radio
Conferences

National delegations participating in the work of the ITU often
contain one or more licensed radio amateurs. These amateurs of course
must speak on behalf of their country rather than amateur radio,
although within the delegation, and in preparation for meetings, they
can try to ensure that the country position is favourable to amateur
interests.
On the other hand, when the IARU attends meetings at the ITU, it
speaks on behalf of, and represents the interests of, all of the world’s
radio amateur population. In order to do this the IARU has set up a
structure to ensure that its policies are developed “from the ground up”.
In a great majority of countries there are national radio societies,
groups of amateurs banded together for mutual support and cooperation.
Currently, in each country a single such national organization has been
chosen to represent its members in IARU.
The IARU has divided its Member-Societies into three geographical
regions. A conference is held in one of the three regions every year.
Each Member Society has the responsibility to attend the triennial
conferences of its own regional organization and help to shape IARU
policies. Positions on matters which might affect Amateur Radio are
ironed out well in advance, first by Member Societies, then
internationally at meetings of the three IARU Regions.
Because the IARU cannot vote at the World Radio Conferences,
nor at meetings of regional telecommunication organizations, how
therefore can it be effective?
What the IARU does at the ITU
Over the past eighty four years the IARU, staffed entirely
by volunteers, has promoted, preserved and protected the Amateur
Service. Of the over 2500 delegates who have attended recent WRCs, an
IARU delegation of 4 to 6 people seems insignificant. How can such a
small delegation succeed in achieving significant changes to the Radio
Regulations, minimize intrusion of other services into amateur spectrum
allocations, and, in fact, obtain new worldwide spectrum allocations in
the face of strong government and commercial competition?
•

Participation in non conference work
-

Much of the work of the ITU has to do with
preparation of Reports, Recommendations, and
Handbooks which provide guidance to
administrations but are usually not mandatory like
most of the International Radio Regulations. The
IARU strives to keep a number of such items related

to the amateur service in the day to day work plans
of the ITU Working Parties.

•

•

-

The IARU also participates, in cooperation with the
ITU, in the preparation and delivery of educational
material and instructional courses for administrators
in developing countries, to help them to appreciate
the value of the amateur service in providing a pool
of trained operators, ready to provide
radiocommunication services in times of natural
disasters.

-

And thirdly, the IARU enhances its visibility by
attending as an observer, when feasible, meetings
concerned with the day to day management and
administration of the ITU.

-

The above activities serve two purposes, they
provide guidance to regulators on the administration
of the amateur service, and they serve to ensure
that the amateur service is active and visible in the
work of the ITU.

Participation in the selection of items to be placed on the
Agenda of a World Radio Conference
-

Decisions taken at a WRC are strictly limited to
items on the conference agenda. An important part
of the work of each conference is the selection and
approval of agenda items for the following
conference.

-

The IARU continually strives to have items placed on
the agenda supporting the objectives of the amateur
services, such as new or expanded frequency
allocations, and to discourage the selection of items
which might pose a threat to the amateur service.

Participation in the Conference preparatory process
-

IARU delegations, often consisting of a single
individual, attend all Study Group and Working
Group meetings concerned with preparation for
Conference agenda items which may impact the
amateur services. These delegations participate
fully in the preparatory discussions, submitting
technical and regulatory documents, and defending
their positions at a level equal to that of the
government and commercial delegates.

-

IARU representatives are selected for their strong
technical backgrounds in the subjects being
discussed, and can usually come up with
documented and convincing arguments supporting
their case.

-

IARU representatives must establish a reputation for
willingness to work and to accept responsibility for
active participation in the chairing of meetings,
preparation of output documents and carrying more
than their share of the routine work involved in the
preparatory process.

-

As a result, IARU delegates are respected as equals
and when they take the floor in discussions, other
delegates take note of the points they make.

Recent examples of the success of this kind of concerted action by the
IARU took place at the World Radio Conference in 2003, when an
international broadcast allocation at 7.1 to 7.2 MHz was replaced by a
worldwide amateur allocation, and again in 2007, when a new
worldwide band from 135.6 to 137.8 kHz was allocated to amateur
radio.
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Amateur Radio Contributions to the Art and Science of Communications Revisited
By John S. Belrose, VE2CV, VY9CRC and Kevin McQuiggin, VE7ZD

Preface

The first radio amateurs of the Twentieth Century, immediately following Fessenden and Marconi, were
absorbed with the vision of communicating through space. That vision led them to serious
experimentation and invention. It was these early experimenters who founded radio technology. In 1981
Edmund Laport, 1CBO, Edward Tilton, W1HDQ, and Richard Rowe, K2BK, wrote a paper with the
same title and theme that we have chosen for our paper, and so we consider our paper to be an up-date
[1].

Amateur radio represents a unique research and development environment. Both the telecommunications
industry and the public service communications sectors owe a significant debt to amateur radio, which
has served as a source of many of their ideas and operating techniques. A Radio Club of America (RCA)
radio pioneer who made many inventions that greatly improved the art of long range radio
communications was Harold Beverage, 2BML. Author Belrose has corresponded with Bev Beverage.
Harold was only 15 years old in 1908 when he designed and built his first spark gap transmitter. In April
1912, he copied messages for two days from the Titanic rescue ship Carpathia as it was taking 705
survivors to New York. This was a catalyst that inspired many young men to see interesting wireless
careers. Hiram Percy Maxim, 1ZM (later W1AW) founder of The American Radio Relay League, was
actively on the air in 1915 from his home in Hartford, CT. Frederick E. Terman, 6AE/6FT, began
operating his station in 1914, in Palo Alto, CA. Later he published “Radio Engineering” and “Radio
Engineers’ Handbook” in 1932 and 1943, a bible for many. Belrose has a copy of the 1943 edition of
Terman’s book on his book-shelves. Irving Vermilya, 1VN, was one of the first radio amateurs in United
States, he probably was not, but he said he was [2]. Certainly he was the first licensed radio amateur.
Irving joined The RCA in 1911. We could continue, since there are many famous radio amateurs,
reference the on-line list: http://users.tellurian.net/gjurrens/famous _hams.html/.

Forward

John Belrose has been a radio amateur for 62-years, licensed in 1947 as VE7QH (currently VE2CV),
while attending The University of British Columbia, Vancouver, BC. He was a member of the UBC
Amateur Radio Club, station call sign VE7ACS (now VE7UBC). The UBC 1950 Yearbook, The Totem,
published a photograph of him, see Figure 1, together with three other members of the Club, in front of a
100 watt transmitter he built.

Figure 1 Hams kept promise to contact anyone, anywhere, anytime.

As a highlight to our paper read the published caption: “Hams kept promise to contact anyone,
anywhere, anytime”, of course none of us said that --- it is certainly a challenge impossible to achieve,
even today.

The Beginning

By 1906 or so, only a few radio amateurs had appeared, here and there throughout United States and
Canada, and England. In the early days most radio amateurs operated with skill and efficiency, but some
did not. In this unregulated era, those “that did not” were a nuisance to commercial and military stations,
and as well to fellow amateurs (spark transmitters were broad band devices and receiver selectivities
were poor). On 27th February, 1909, the US Navy published an article in Outlook, commenting on
interference blocking their attempts to contact “The Great White Fleet” as it returned from an around the
world voyage. The US Government decided it had to do something. The Depew Wireless Bill, in draft, a
copy of which was sent to the President of the Junior Wireless Club (JWC), which later became the
Radio Club of America, on March 17th, 1910, prompted an immediate response; reference the letter dated
19th March signed by five members of the club [4]. This Draft Bill could have practically prohibited
amateur radio experimentation. The JWC pointed out that interference problems were largely due the
primitive equipment in use, even by the US Navy, and, some of the commercial interference was
intentional. The letter noted that Marconi, in an attempt to prevent traffic he was sending from Clifden,
Ireland, to Glace Bay, NS, being copied by others, viz. Fessenden’s station at Brant Rock, MA, requested
that his station at South Wellfleet, Cape Cod, send a constant interference of dash-dash-dash
continuously. But Fessenden’s station at Brant Rock selectivity tuned out the interference and copied the
messages from Clifden, which Marconi himself, at Glace Bay, could not copy, and delivered all messages
to Lord Northcutt, at the Hotel Regis. This letter lead to a meeting, reported in The Globe on 28th April
1910, with The Committee of Commerce in the Senate, Washington, DC; and the result was killing the
bill.

But regulation was needed. The Alexander Bill made its first appearance on 11th December 1911. Hugo
Gernsback, a “Champion of the Radio Amateur”, certainly played an important role in amending the Bill.
Hugo in anticipation of wireless bills, had on 9th January 1909, founded the Wireless Association of
America (WAOA). The purpose of the WAOA was to guard against unfair legislation as far as the radio
amateur was concerned. The Radio Act of 1912, the Alexander Bill in final draft, was certainly not
“unfair” for the radio amateur, as we now know, in fact far from it. It prohibited the radio amateur from
using frequencies having wavelength greater than 200 meters, which was thought to be a desert. But this
wide spectrum of frequencies, as we now know, includes most of the radio spectrum currently in use!
The radio amateur had at last come into his/her own. President Taft signed the Alexanderson Bill into law
on 13th August 1912. The Bill paved the way to standardizing and licensing amateur radio station
operation. According to Hugo, the usefulness of the WAOA had come to an end, and thus matters rested.
Hugo became a member of The RCA, joining in 1919.

Although most amateur enthusiasts were men, see for example Hiram Maxima’s 1915 station in Figure
2a, a few women in the US in that time period were rapidly awakening to the fact that radio operating
was a worthwhile accomplishment.

Figure 2a Hiram Percy Maxim, 1ZM’s station, (later W1AW), 1915 (after John Dilks, K2TQN, WEB Site Posting).

Figure 2b shows Kathleen Perkin, 6SO, San Rafael, CA, operating a station she put together herself in
1916 [3]. Kathleen was probably the first YL (Young Lady radio amateur).

Figure 2b Kathleen Perkin, 6SO, probably the first
YL (Young Lady amateur radio operator)
operating her amateur radio station, in 1916.

By 1920, continuous wave transmissions had been well established. In 1921, the ARRL instituted a
(second) transatlantic test (the first one a year earlier was too short and no signals were heard in Europe),
by sending Paul F. Godley, 2ZE, to Scotland to listen for American amateur stations [5]. It was mostly a
test of 200m (1.5 MHz) transmissions on continuous waves. Paul set sail for England in November 1921,
and it is here where the story of 1BCG begins. Paul was a member of The RCA. On 18th November 1921
six members of The RCA at an informal meeting decided to be a part of the transatlantic test, to build a
transmitting station that would be heard in England, which remarkably they did. “Remarkably” because
there was not much time to fabricate the station, since the listening schedule was planned for the nights of
9th – 11th December, 1921. Various locations were discussed. It was decided to build the station at
Greenwich, CT, at the location of E.P. Cronkite’s station 1BCG. The six members of the team were E.H.
Armstrong, E.V. Amy, John F. Grinan, Walker Inman, Milton Cronkite, and G.E. Burghard.

Edwin Armstrong certainly played an important role, not only in design of the transmitter, which for the
first time employed a master oscillator –power amplifier; but the receiving system used by Paul Godley
employed a superhetrodyne receiver, intermediate frequency 100 kHz, with adjustable regeneration for
maximum selectivity/sensitivity. Both methodologies were inventions of Armstrong.

The transmitter was not cabinet enclosed, but used table-top construction, see Figure 3. This figure also
shows the 2000 volt DC generator. It was lucky no one was electrocuted, while constructing and tuning
the transmitter, and in the excitement of sending.

Figure 3 Picture on the left, the 1BCG transmitter, employing four type “P” Radiotron UV204
vacuum tubes, the oscillator tube on the right, the three tube amplifier on the left. A 2000 volt DC
motor generator provided the HV power supply. The receiver, on the right, on the opposite side of the shack,
employed the Paragon RA 10, a superhetrodyne regenerative receiver, and a BFO circuit for CW reception.

Earlier transmitting stations coupled a high power oscillator directly to the antenna system, and since the
antenna was a part of the tuned circuit, as it swayed in the wind the frequency changed.

The transmitting station employed was a T-type antenna, cage construction, see Figure 4, fed against an
elevated counterpoise.

Figure 4 Antenna system for amateur radio station 1BCG, on the left

a sketch, and on the right a photograph.

While not cited in reference [5], this concept was certainly a design of Beverage, 2BML, who was also a
member of the Club. And, the receiving antenna at Androssan, Scotland, was a wave antenna, also an
invention of Beverage.

While some 30 stations took part in the contest, since all members at the transmitting station, and Paul
Godley at the receiving station were all members of the Club, clearly 1BCG was a principle station.
When Godley reported hearing a total of 27 stations (6 were spark stations), a feeling of liberation
appeared among hams. Edward Rogers, sr, 3BP, located at Newmarket, near Toronto, ON, was one of the
spark stations heard by Godley.

While, as noted, many stations were heard, station 1BCG is accredited with having sent a 12-word
message, which was copied without error at Androssan. This important demonstration set off speculation
concerning broad horizons, for world-wide radio, amateur or otherwise. Through 1923 and 1924 distance
records were greatly and rapidly lengthened.

The achievement of the first 2-way radio amateur transatlantic communications (on 100M wavelength)
was an achievement that was particularly heralded at the time (and remembered today). Leon Deloy,
6AB, in Nice, France, on 27th November 1923 worked Fred Schnell, 1MA, West Hartford, CT, and later
the same night the “group” became three, John Reinhartz, 1XAM, South Manchester, CT, worked 6AB.
All three radio amateurs used home built transmitters and receivers essentially based on designs by John
Reinhartz. The story of this achievement was headlined and published in the January 1924 issue of QST.
Further on John Reinhartz see Propagations section.

The (so called) first “ultimate DX” (communications with a distant station), was a 2-way contact between
the UK and New Zealand, which took place on 19th October, 1924, when Cecil Goyder, operating the
Mill Hill School station, 2ZS, North London, UK, heard a reply to his “test” transmission on a
wavelength of 100m (3 MHz), from Frank Bell, Z4AA, in Palmerston South, NZ. The QSO (contact)
lasted 90 minutes, and a QSL (contact confirmation) card was received [6].

With that our brief account of early history is concluded.

Introduction

In what follows we have organized our paper in 3-parts: antennas, propagation, and communication
system technology. Today Cellular Radio and the Internet have had had a very great impact on radio
communications, and on amateur radio. In the 1970s and 1980s hundreds and thousands of amateur radio
VHF/UHF repeaters appeared. Hilltop and mountain top repeater sites provided wide local area coverage.
Some were linked with the telephone system (autopatch). Later repeaters were linked, using touch-tone
control, which provided inter city communications, then under computer control, linking become more
and more extended, providing province/state wide communications. Today research is concerned with
making radio systems operate more and more like the Internet, and Internet Radio linking is becoming
popular, reference [7].

Kevin McQuiggin, VE7ZD, provides an overview of the history of amateur radio in the context of the
process of innovation in his 2001 thesis [8]. It is clear from his research that amateur radio has been the
source of a large number of innovations and important contributions to the state of the radio art, and most
interestingly, that such creativity is more difficult (or at least constrained) in the commercial R&D
environment. Pat Hawker, G3VA, has written a popular column published monthly in the Radio Society
of Great Britain’s Radio Communications magazine (RadCom), 1958-2008, entitled Technical Topics
(TT), see reference [9]. Pat, considering that he was going to stop writing his columns, began in 2007 to
write overview columns, which are well worth reading.

In thinking about what he wrote, and the impact of what he wrote on amateur radio, Pat noted that unlike
the major and continuous changes in equipment and communications techniques, the basis of antenna
design remains ageless. Some antenna system developed up to 100 years ago are as valid today as they
were when they first emerged from such pioneers as Fessenden, 1AS/VP9F, Franklin, Beverage, 2BML,
Uda-Yagi, George W. Brown, of RCA, Kraus, W8JK, and many others. This comment is certainly true,
since the 1983 IEE book entitled “Antenna Design Handbook”, see reference [10], while design tools
have changed significantly, the book is still being sold. Clearly a few engineers are beginning to realize
that they do not have the benefits of earlier work, but only a few, since many papers written nowadays
merely reinvent the wheel, or as a result of their misunderstanding of fundamental limitations, a great
deal of time is wasted in rebuttals, telling the some authors that the antenna they described simply will
not work, as claimed. More on this topic will follow.

Note: Author Belrose is well familiar with the W8JK dipole antenna array. In fact he has extended the
“feed-out-phase” methodology to an antenna system comprising a full wave horizontal quad loop [http://
www.davekalahar.com/Misc_Files/ARRL%200802%2080%20Meter%20Loop.pdf], which is a good
antenna system for working DX (distant stations), since the radiation pattern has an overhead null, which
reduces interference from strong not too distance stations. The pattern maximum is toward the horizon.
The radiation pattern for conventionally fed dipole and horizontal loop antennas, mounted at practical
heights, for the 160M and 80M bands is a maximum overhead.

While 50-years ago, amateur radio was still rooted in valve technology, with a few experimental uses of
germanium bipolar transistors just emerging. RF power transistors, integrated circuits, surface mount

technology, and etc., were years away. Now all that has changed. And, beginning in the mid-70s, the
introduction of the computer into amateur radio operation was a pivotal moment for the radio amateur.
Digital began to replace analogue, old skills are becoming redundant, and the computer is beginning to
determine the future of the hobby, simultaneously enabling new modes, techniques, and social
applications of amateur radio. Software is becoming the new field for research, whereas in the past
development and tinkering served to increase communications capabilities. The future is Software
Defined Radio (SDR), which while touched on here is described in more detail in later papers.

Okay, so where do we go from here, in writing this paper? The rate of change is overwhelming. We can
only touch on a few topics here.

Antenna Systems for the Radio Amateur

In the time period of this overview, 1984-2009, the development of computer modeling to simulate the
performance of antennas, particularly (see below) the Numerical Electromagnetic Code (NEC), based on
Method of Moments, made a considerable impact on antenna design, by both professionals and radio
amateurs. The performance of antennas in their operating environments can now be predicted, reference
the comprehensive overviews published in 1983 and 1989 [11, 12]. This field of research and
development quickly became one of considerable interest. ACES (Applied Computational
Electromagnetics Society) which began in 1985 as a 4-day workshop, that was followed by several
newsletters, in 5-years grew into an international co-operation society, which continues today
[http://aces.ee.olemiss.edu].

While during the recent years that computational electromagnetic programs were developed, simulating
the performance of antennas in their operational environments, a number of very different programs were
developed, some could numerically model the body of the operator (a person holding a hand-held cellular
phone), the one that many professionals and most professional radio amateurs use is NEC. MININEC,
which was the first in the series of program development, assumes a perfectly conducting ground beneath
the antenna. But the far field can be real ground. The radiation pattern simulating propagation in the far
field is calculated by assuming Fresnel reflection. The accuracy of prediction using MININEC is in fact
quite good, particularly if the antenna is not too close to the ground; and for MF Broadcast antenna
design, since MF antennas employ many buried radial wires that simulate a good conducting ground
beneath the antenna system. Note: MININEC is by name a misnomer, since the analysis programs for
NEC and MININEC are quite different.

NEC-2, which is in the public domain, can be used to predict antenna performance over real ground,
providing the antenna system does not touch the ground. Author Belrose has extensively developed
techniques that simulate a ground connection, using resonant radial wires at a height of two or three wire
diameters above the ground, since this results in a strong interaction with the ground, without actual
“ground connection” [13].

In fact the concept of elevated resonant radial wires has resulted in a whole new class of antennas: phased
arrays for MF broadcasting, vertical monopoles with drooping radial wires, and other ground plane (GP)
type of antennas, e.g. the half diamond loop. “Half” because as originally conceived by Belrose, this
antenna could be full wave resonant, since when the antenna system was ground mounted, employing a
buried radial wire ground systems, the other half of the antenna system was the virtual image of the halfloop in the ground plane. The half-diamond with elevated resonant radial wires is a very good antenna
system, and can be directional, by employing 2-radials, one at each of the lower ends of the vertical loop,
pointing in the desired direction of fire [14].

The Part 3 paper, in this series of papers, introduces the concept of a monopole antenna with parasitic
elements [15].

NEC-4 permits connection to the ground, but not wires lying on the ground, buried radial wire ground
systems, or a ground stake. But this program is not in the public domain, one has to be licensed to use
NEC-4. NEC-4 double precision is the program most frequently used by Belrose. Particularly, initially, to
model MF antenna systems, since a main purpose of the early work was to validate the NEC-4 program,
and a large amount of measured data is available (proof of performance measurements), to compare
measurement with prediction, see references [16, 17].

MININEC/and NEC-2 are the programs used by most radio amateurs: this is because a user friendly
version of these programs has been written by Roy Lewallen, W7EL [reference Roy’s on-line home-page
http://www.eznec.com]. In 1993 an Internet list (NEC-List) was started, which provides a forum for
discussion on computational electromagnet problems [http://www.robomod.net/mailman/listinfo/neclist]. Radio amateurs can receive advice from professionals, and professionals can learn about problems
that are of concern to the radio amateur community.

Recall our comment made earlier, Bev Beverage was on the right tract, a T-type antenna with elevated
radials --- lifting the radials off lossy ground.

A brief overview on the performance of wire antennas in their operating environments, initially addressed
by Belrose et. al. in reference [12], has more recently been published, addressing antenna systems of
interest to radio amateurs[18].

Wave Antennas, The Beverage Antenna: As noted above the Beverage antenna was used in 1921 to
receive the first transatlantic signals. This antenna is in fact the best antenna to receive long distance low
band (80M and below) radio signals. Belrose, Litva, Moss and Stevens [19] have overviewed the subject
of Beverage aerials for receive --- a single Beverage wire for point-to-point communications; and a
Beverage rosette array for direction finding. And as well, these authors addressed the concept of using
several closely spaced Beverage antennas in an array configuration, for transmitting, since a single
Beverage wire has a very low radiation efficiency.

The paper referenced has particularly a nostalgic recall for author Belrose, since when writing it he had
frequent interesting correspondence with Bev Beverage, who in that time period was still alive and well,
and he had retained a good recall of his early work.

Electrically Small Antenna Systems: Electrically small antennas are currently of wide interest, for the
radio amateur, since while dipole and full sized loops perform very well indeed, most radio amateurs
have a minimum sized back yard, or no land at all; and there is a wide interest in HF mobile
communications, antenna mounted on vehicle. And, for commercial applications, antennas for cellular
radio are used for hand held portables. Topics of particular interest are antennas for applications that
require electrically small antennas for multi-band and wideband systems; and for the radio amateur
antennas for the new bands being explored, 137 kHz and 500 kHz.

Author Belrose’s early work, and follow on research many years later, was concerned with electrically
small antenna systems, antennas for VLF/LF communications; and for the radio amateur interest, center
inductively loaded whip antennas for vehicular HF mobile communications.

Center-Loaded whips: Bob Hansen has recently published a book that addresses the subject of
electrically small antennas [20], a book that is certainly well worth reading; and since he extensively
numerically modeled center-loaded whip antennas in 1975, he devotes quite a bit of space discussing
such inductively loaded antennas. In this book he refers to “pioneering work” by Bulgerin and Walters, a
1954 paper. But author Belrose published a paper in 1953, considering the antenna as an opened out
transmission line [21]. While this analysis technique is now superseded by modern numerical analysis
methods, the early analysis is surprising correct. The trends are right, and results agree rather well with
the more rigorous analysis of Hansen, who analyzed this inductively loaded antenna by numerical
moment-method techniques. But both these early analysis techniques could not take into account the
effect of the vehicle on which the antenna was mounted – the vehicle as part of the antenna system had to
await the development of NEC. And so in 1995 Belrose revisited HF whips on vehicles, reference [22].
In a follow on paper Belrose and Parker addressed the issue of remote tuning the antenna system,
reference [23].

Electrically Small Loop Antennas for the HF Band: In 1993 author Belrose wrote a paper on
electrically small loop antennas for HF communications, particularly based on a study (numerical
analysis and experimental) of the transmitting loop antennas systems developed and marketed by
Christian Kaferlein, DK5CZ (now a SK); a single turn loop tuned by a capacitor at the top, and a
subsidiary input loop, to provide an input impedance equal to 50 ohms (see Figure 5 on the left). This
figure also shows (on the right) two AMA compact loops, in the background, and a vehicular mounted
HF mobile antenna [reference 23].

Figure 5 Author Belrose experimenting with an AMA 1.7 m diameter loop, on the left, and,
on the right, two compact loop antennas and a vehicular mounted HF whip antenna, a
tunable all bands antenna (TABA), in use during a simulated emergency communications exercise.

Over the frequency range 1.7 MHz to 30 MHz loops with diameters 0.8 to 3.4 m have been used
(perimeter/wavelengths (P/. ) range from 0.03 to 0.25 wavelength). Belrose used NEC-2, and initially a
simplified wire model (a five sided polygon) to simulate a single turn air core loop --- follow on papers
modeled the loop as a 20-sided polygon. He thought, at that time, that he had analyzed with sufficient
accuracy the expected performance of electrically small loop antennas. But an attention grabbing paper
entitled “Magnetic Loop or Small Folded Dipole?” published in 1997, by Mike Underhill, G3LHR,
started a controversial debate that continued and continued, and still goes on today in the mind of Prof.
Underhill. Underhill and Harper later published their views in two IEE Electronics Letters in 2002 and
2003, papers that Bob Hansen considers in his book [20] to be an “egregious example of claiming
antennas that violate the fundamental principles of small antennas”.

In the mind of Belrose the debate is finished, reference [24, 25]; but, while Underhill still holds his views,
he has given up publishing papers in magazines (professional or amateur) --- since one can post whatever
one likes on the Web.

In spite of the low radiation efficiencies for such small loop antennas (about 1% for P/a = 0.03, and 22%
for P/t = 0.18) compact loops are very useful for communications from restricted sites, and for
transportable applications. Since a particular loop can be tuned over a 6/1 frequency range, without the

need for an additional antenna system tuning unit, it is an ideal antenna for emergency communications.

Austin and Murry [26] have particularly explored the use of compact loops for vehicular communication.
Their measurements show that the loop is ideal for near vertical incidence skywave (NVIS) applications,
since the loop has at least up to a 15 dB advantage over a short whip antenna (which exhibits a null
overhead). The NVIS radiated power requirement for this application is very modest, and so the loop’s
radiation efficiency is not an issue.

Hula Hoop, DDRR, Halo Loop and Inverted-F Antennas: These types of antennas have been around
for more than 30-years, and have been written about and tried by many authors, professional and
amateur. Some authors (including so called inventors) did not understand the radiation characteristics of
the antennas. Belrose [27] wrote a paper in 1975, in an attempt to explain that these types of antennas
were basically transmission line radiators. But no one, certainly not today’s antenna designers, have ever
referenced his paper. Users of the various versions of these type of antennas have been caught up by the
names given by the so-called inventors, names which are much more impressive than performance [20].

The basic version of this type of antenna is an Inverted-L Antenna (ILA) above a horizontal GP. Since
the input impedance of the ILA is very low, it was fed by a vertical stub part way along the horizontal
element, from the grounded end, hence the name Inverted-F Antenna (IFA). While the current on this
stub partially cancels the radiating current on the grounded “monopole” element, the dominant current is
the current on the monopole.

If the horizontal linear top element is bent into the shape of a loop, the name given for this version was
Directional Discontinuity Ring Radiator (DDRR). It was however pointed out that this was not a suitable
name (directional discontinuity?), but the name DDRR stuck (Directly Driven Ring (or Resonant)
Radiator). But it is not the ring that radiates, and most antennas are directly driven.

Continuing with this loop version: if you look at our textbooks describing electrically short antennas
above a ground plane (GP) you will see that the “virtual image” of the antenna below the GP is shown by
a dashed line. Currents on the vertical elements of the antenna and on its virtual image in the ground
plane are in phase, currents on the horizontal elements and its virtual image are out-of-phase, and so
radiation due to the current on the horizontal elements (real and virtual) essentially cancel.

An ideal real “image” can be created by replacing the virtual image by real wires, and hence the antenna
system can be lifted off the ground plane. One such antenna type is the Halo Loop. The Halo Loop can
also be the result of bending a folded dipole into a halo shape, which results in identically the same
radiation characteristics, only the location of feed differs.

The IFA has been widely used as an antenna for hand-held radios (cellular radios). More recently, if the

horizontal linear element is replaced by a plate, the antenna becomes by name a Planar Inverted-F
Antenna (PIFA). Many papers have been written about IFA and PIFA antennas, but little or nothing is
said about currents on the so-called “ground plane”, which for the hand-held radio is a vertical (not a
horizontal) rectangular plate, or the chassis of the radio. In the case of the IFA, it is mounted above the
top edge of this rectangular plate. Certainly currents flow on the edges of this plate. Probably more
radiation comes from currents on the plate then from the IFA element itself above the top edge of the
plate --- and around the plate is the users hand, with the IFA element close to the head (and eye) of the
user. It is surprising how well this antenna system seems to work, but in most cases the local repeater is
indeed “local”.

There is no reason that the IFA cannot be configured in the manner described above, where we spoke
about replacing the “virtual image” (horizontal GP concept) by real conductors, and so, by using a balun
(balanced to unbalanced transformer) to feed this transmission line radiator, one can isolate the antenna
from the chassis of the radio.

For the radio amateur, Belrose has emphasized the importance of using an end-fed half wave antenna
element, which minimizes current flowing on the chassis of the hand-held radio. But users of cell phones
do not want to see the antenna, and so indeed the antenna has to be small.

Integrated antenna systems, for hand-held radios, GPS navigator devices, and for computers (WLANs) is
currently a field of research.

Electrically Small Antennas for Multi-Frequency/Broad-Band VHF/UHF Frequencies: A great
many papers, an astonishing numbers of papers, have been published in recent years on interesting to
look at antennas, antennas with fancy names: so called Fractal Antennas; von Koch monopoles,
Sierpinski monopoles, Hilbert monopoles, Minkowski monopoles and loops, and the Peano curve
antennas. These approaches to antenna configurations are said to produce desirable broadband, multifrequencies responses. They are certainly multi-frequency, multi-resonant, but they are not broadband
antennas. The only technology that author Belrose is familiar with that produces a broadband frequency
response is based on multiple fed arrangement, see Figure 7 [28]; and log periodic dipole arrays.

The Sierpinski monopole (see Figure 6 top antenna) is a very interesting antenna to look at, an antenna
that has been written and re-written about. But a bent wire antenna (Figure 6 bottom antenna), based on
the known fact that in the case of a triangular plate antenna, most of the current flows on the outside
edges of the triangle, and so a triangular wire antenna with respect to being multi-resonant performs just
as well.

Figure 6 Serpinski monopole antenna, upper figure, and an equivalent wire model lower figure.
Note the arrows indicate the 2nd resonance.

Clearly the triangular wire antenna is multi resonant (Figure 8 top); whereas the input impedance of the
multiple-fed wire antenna in Figure 7 is broad band, see Figure 8 bottom graph (but over a smaller range
of frequencies). Author Belrose [29] has considered in detail the azimuthal radiation patterns, Figure 9.
A lot of authors consider feed point impedance, standing wave ratio (SWR) only.

Figure 7 Multiple fed dipole antenna, wire model.

Figure 8 VSWR versus frequency for wire model of the Serpinski monopole,
upper plot; and for the multiple fed dipole, lower plot.

Figure 9 Azimuthal radiation patterns, for the Serpinski
monopole, upper figure, and a multiple fed dipole, lower
figure.

Figure 6’s antenna systems are really a multi-frequency antenna system, not a broadband antenna.

Electro-magnetic Antennas: The use of a magnetic loop antenna combined with a vertical monopole,
described as an electro-magnetic electrically small antenna (E-M-ESA) system, has been proposed as a
technique to miniaturize antenna systems, providing improved radiation efficiencies and bandwidth.
Author Belrose [30] did not believe what was claimed: wide-band and increased gain. This antenna
system is in fact not superior to that for a vertical dipole alone, and it is certainly not broadband. But an
interesting unexpected discovery, is that if the 2-elements (loop and dipole) are fed in phase quadrature, a
directional cardiodal shaped pattern is produced, providing 3 dB gain compared with feeding one element
alone, and a F/B ratio of 23 dB. The antenna system would however be tricky to feed, for quadrature
feed, and, one must ensure that there is no current flow on the outside surface of the feeder coaxial
cables.

The Crossed Field Antenna: The so-called crossed field antenna (CFA) system was conceived by
Hately and Kabbary in the late 1980s --- and these authors, and many follow on experimenters, broadcast
antenna engineers or radio amateurs, continued to try and make the antenna work for a decade or more
(see below). The CFA was said to be based on a new principle: that E- and H-fields could be separately
generated, and that if the currents feeding the two elements generating these E- and H-fields were in
phase quadrature, and in the right power ratio, the E/H field ratio in the near field region could be made
identical to the E/H ratio in the far field region --- thus providing an ideal match (antenna to propagation
medium) to generate a strong outgoing EM wave --- minimizing the problems often associated with
strong near fields!! Their CFA was said to be very broadband, and very efficient, so that an electrically
very small antenna system could produce radiation efficiencies equivalent to a quarter wave monopole.

The H-field was said to be produced by a disk above a ground plane --- see Figure 10 lower figures,
showing a photograph of Belrose’s experimental model, and the wire grid model for numerical analysis
--- the E-field by a cylinder above the disc.

Figure 10 The MF CFA in operational use at Tanta, Egypt (left); and a scale
model fabricated for experimental measurements (right) along with the wire grid model
created for numerical analysis.

But the devisers of the CFA have not realized (considered) that it is not possible to devise an
electromagnetic antenna that radiates only component of the EM field, and they have not considered that
their antenna system is in effect two closely coupled antenna elements --- mutual coupling was never ever
mentioned. Numerical analysis (by NEC) reveals that the cylinder is a better radiator, and an important
practical feature of the numerical modeling study is that the resistive component of the disc, with
quadrature feed is negative, which is consistent with what one expects --- two closely coupled antenna
element, be they of unconventional shape (a cylinder and a disc) or both electrically short vertical
dipoles. This complicates tuning the antenna. NEC assumes that the power surging back is totally
reflected, but practically this cannot be achieved (by conjugate match) without additional power loss.
Since Hately and Kabbary, and none of the many follow on experimenters, ever mentioned a problem
associated with quadrature feed, we have to conclude that in fact they never fed the elements of their
antenna system in phase quadrature --- they only thought they did.

The CFA generated such a wide interest, by MF Broadcasters in several countries (USA, UK, Germany,
Italy, Brazil, Australia, China), and by radio amateurs around the world, and in Canada as well, that
controversial debates continued for years [20, 31]. There are problems: the radiation efficiency is poor, a
large amount of power has to re-reflected back by the antenna system tuning unit, and the bandwidth is

low. And, not addressed by amateurs or professionals, currents flowing on the outer surface of feeder
coaxial cables must be minimized so that these currents are not a part of the radiating system. The two
antenna elements were fed by coaxial cables with using a balun. For Kabbary’s CFA on the roof of a
building, see Figure 10 top photograph, note that the building is encased by a well grounded wire grid
structure. Currents on the grounded wire grid structure beneath the antenna are not considered (by
Kabbary) to be a part of the radiating system, but these currents contribute significantly to the radiated
fields. In retrospect it is astonishing, the amount of time energy and money that has been spent, and as
well by author Belrose de-bunking the CFA (concept and performance claims). The CFA is being used
nowhere (as far as we know) excepting in Egypt.

Propagation

Early History: Reginald Aubrey Fessenden, a radio scientist, engineer, “professional” radio amateur, is
accredited to be the first to systematically study antennas and propagation in c1905, even earlier (1902).
In 1905 he patented an antenna system identically like the base-loaded umbrella top loaded antennas used
today. In 1906 he published a figure showing the night-to-night relative amplitude of his 80 kHz
transatlantic signal strengths received at Machrihanish, Scotland, from his sender at Brant Rock, MA,
during the month of January. Certainly he correctly interpreted that the received signal was due to
reflection from a conducting layer(s) in the upper atmosphere --- the Kennelly/Heaviside ionospheric
layers --- Kennelly was a friend of Fessenden. John Reinhartz (JL, 1XT, 1XAN, 1QP, K6BJJ) is
acclaimed to be the first HF radio amateur (Fessenden did not hold a radio amateur license during the
time period of his early work on frequencies less than 200 kHz) to conduct numerous studies of antennas
and propagation during the early 1920s (reference the April 1925 issue of QST). He devoted much of his
efforts to “solving” (copy from words written about his published articles) the problem of skip in short
wave communications. “Solving” because that subject has been written and written about during the past
75+ years --- and later, papers by Reinhartz himself, since when joining The Radio Corporation of
America in the early thirties, he conducted further research on radio propagation and short waves. His
1921 Reinhartz tuner (receiver) had (at that time) an unheard of tuning range, from 200M to 28M. In
1923 John Reinhartz was operating on 108M, reference earlier cite, in 1925 he set a new record for HF
DX, by communicating, from his station in South Manchester, CT, with 6TB in Santa Monica, CA, on
20M at noon. Of course there is much much more we could write, recalling the contributions radio
amateurs have made to our understanding of ionospheric propagation, but that is beyond the scope of this
article.

Since radio amateurs are currently experimenting on LF and MF frequencies, 137 kHz and 500 kHz, let
us recall that Belrose has overviewed his research studies on MF, LF, and VLF propagation [32]. One
purpose of his early research was concerned with providing reliable communications during times of
radio- black-out conditions, associated with geomagnetic storms, that disrupt HF communications in high
latitude (high geomagnetic latitude) regions. Canada is a high geomagnetic latitude nation; the
geomagnetic pole is located within Canada’s boundary. And, Belrose overviewed the subject of high
latitude HF propagation [33].

Radio amateurs are currently studying propagation and communications in two new bands, outside

conventional bands, at 137 kHz and 500 kHz. Certainly very reliable, long ground wave LF links, are
now possible using today’s signal processing techniques. Of historical interest, 500 kHz is the frequency
used by Marconi’s for his first transatlantic communication experiments, in December 1901 [34]. Papers
on amateur radio exploratory communications tests on these two new (for the radio amateur) bands are
included in this yearbook..

Radio amateurs have contributed significantly to the field of propagation research over the years,
systematically monitoring HF and VHF beacon transmitters, and while some results of these experiments
have been reported, in national radio amateur magazines, the reporting has been rather ad-hoc and
random. The studies of Radio amateurs in the UK, coordinated by The Radio Society of Great Britain
(RSGB), are reported in a more organized way. RadCom publishes monthly HF propagation predictions,
and every now and again overview papers on propagation are published (for example “Interpreting
Digital Ionograms --- Using modern digital ionosonde ionograms for understanding real-time propagation
conditions”, by Gwyn Williams, G4FKH, RadCom, May 2009, pp. 43-46).

Specifically we should reference the RSGB Propagation Studies Committee. The PSC stems from a
suggestion made in 1957 by Dr. Smith-Rose, then Director of the Radio Research Station, Slough, and
later President of the RSGB, that a committee should be formed to correlate radio amateur observations,
with auroral, ionosphere, meteorological (and other) conditions. The PSC is very active today, since
communications between members is easy using the Internet --http://www.keele.ac.uk/depts./por/psc.htm .

Each member of the Committee is a specialist in at least one aspect of radio propagation, and there are
always several projects in hand, currently on sporadic-E, and tropospheric propagation at 50 MHz. LF
communications experiments is a monthly column in RadCom.

Frequency Selective fading is a problem with HF propagation, for digital communications, and
particularly for SW broadcast using conventional SW AM-receivers. Some modern receivers for the SW
listener employ synchronous detection, and selectable LSB, USB, or both sidebands [Belrose has an Eton
e1 receiver]. Many SW broadcasts currently employ DRM (Digital Radio Mondiale) which broadcasters
have (apparently) decided provides better reception under conditions of frequency selective fading --whether it does or not (author’s comment) is a study in itself --- whatever DRM broadcasts are presently
here. DRM requires a special receiver, or a SDR (Software Defined Radio) receiver with appropriate
software. The DRM broadcast consists of about 50 carriers spaced about 50 Hz apart, so that the
available 10 kHz channel is filled with carriers. Hence the DRM broadcast signal provides a means to
observe frequency selective fading, employing available software (Dream Software), a sound card, and a
computer. John Stanley, K4ERO, has recently made a brief study of selective fading in real time with
Dream Software [35]. Note: a Google search on the words “Dream, DRM, software, download” should
enable one to find the latest version. You can also find more information at
sourceforge.net/projects/drm.

Radio Communications Technology

Radio amateurs were present at the dawn of the Space Age, creating the first amateur satellite in 1961,
and radio amateurs have been active on this “final frontier” ever since, the technical details of which is a
story in itself, beyond the scope of our paper.

And, as noted above, beginning in the mid-70s, the introduction of the computer into the hobby was a
pivotal moment for the radio amateur. Digital began to replace analogue, and the computer is beginning
to determine the future, simultaneously enabling new modes, techniques, and social applications of
amateur radio. Software is becoming the new region in which in the past development and tinkering
served to increase communications capabilities. The future is software-defined-radio (SDR), which while
mentioned here is described in more detail in follow-on papers.

Amateur Satellites: Following the Soviet Union’s launch of the first ever space satellite, Sputnik-1, on
4th October, 1957, there has been a great deal of interest in amateur radio satellites. Sputnik 1’s beepbeep-beep signals, operating on frequencies allocated for amateurs, were heard by radio amateurs and
radio research laboratories all over the world. The first American satellite fabricated by radio amateurs
was launched on 12th December 1961, OSCAR-1 (Orbiting Satellite Carrying Amateur Radio). Project
OSCAR, built by a California Group of radio amateurs, fabricated and launched four satellites. The
AMSAT (Radio Amateur Satellite Corporation) was founded in 1969. All OSCARs have been financed
through donations of time, hardware and cash from radio amateurs in many nations. The OSCAR-5
satellite was built by Australian students. To date 45 satellites, high-tech OSCARS have been built, and
launched, launched by free rides to space as ballast on US, Russian, European, and Japanese government
rockets, that happened to be carrying commercial or government satellites to orbit. However, with
available space overbooked these days, paid tickets usually are now required. Russian hams have built
and operated 20 satellites, called Radiosputniks, or RS satellites.

A vast range of equipment is available for use by radio amateurs to communicate via amateur satellites.
Clearly research is involved, in fabricating the amateur radio platforms, and, in the development of
ground stations, in addition to being educational tools, and having been used in research programs by
universities around the world [36]. These satellites are available to use by anyone who holds an amateur
radio license issued by the Governments of the nations, and are an untapped resource for teaching
communication engineering and technology at the university level.

One of the many hurdles in pursuing satellite communications, be it commercial, military, or private in
nature, is that of licensing. Regulations are different in different countries, aided by guidelines set by the
International Telecommunications Union (ITU). Laws regarding the allocation of bandwidth present
considerable financial and political difficulty to parties without a great deal of resources. But these
difficulties can be circumvented by the use of the amateur radio satellite service, since radio amateurs
have a spectrum assigned for their use. And, the equipment used in amateur satellite programs is vastly
cheaper than used in commercial environments, since redundancy and extreme reliability are not

required.

An example of this is Canada’s MOST Space Telescope [37], which has a number of ground stations
using amateur radio equipment and technology, to command and control this earth-orbiting telescope.
This basic space science experiment is a joint venture of Canadian Universities and the Canadian Space
Agency. Other research programs such as this one could be tailored to accommodate an institution’s
interests, and budget.

HF Digital Communications: PSK31 is the most widely used HF digital communications mode on the
HF amateur bands today. PSK31 was developed by British radio amateur Peter Martinez, G3PLX, in
1997 [38], as an enhancement of the basic work that had been done by Pawel Jaloca, a Polish hobbyst.
PSK31 is named after the technical characteristic of its modulation. “PSK” stands for “phase-shiftkeying”, a method of modulating or impressing digital information upon a carrier wave, while “31”
stands for the baud rate, or signaling rate of the transmission. Where RTTY (radio teletype) uses two
specific frequencies to communicate the binary data, PSK31 does the same thing by shifting the phase of
a single audio frequency tone, 0 in the data stream generates a phase shift of 180o, but 1 does not, in sync
with the 31.25 bit-per-second data stream. Not only does PSK31 transmission occupy a very small
amount of spectrum, about 50 Hz wide, which is actually narrower than the average CW signal, but this
modulation technique is said to be much superior to other forms of sending digital data under conditions
of frequency selective fading. At the receiving end, the PSK31 software uses digital signal processing to
detect the phase changes, even for very weak signals, in fact PSK31 exceeds the weak signal performance
of CW [7]. Without error correction the text may not be error free, but it is usually good enough to
understand.

PSK31 achieves its superior performance by including the human brain in the communications process.
From a communications standpoint PSK31 is interesting because it is a hybrid technology: it combines
digital and analogue techniques. Digital signal processing and the home computer provide unprecedented
signal decoding capability and spectral efficiency. The lack of error detection and correction in the mode,
however, places the operator back in the loop where he/she provides interpretive and interpolation
functions. What is especially interesting is that PSK31 places the human into the communicative process
by design. The power of the mind to provide unquantifiable benefits and bring extraordinary insight to
the analytical process is very impressive and cannot (at least yet) be duplicated by our digital assistants
(words ala the new field of “Visual Analytics”).

Unlike packet radio, PSK31 data is transmitted a single character at a time. Automatic error detection and
correction are sacrificed in favour of acceptable real time, interactive performance. The human operator
fills in this gap, and provides detection and correction himself!

Tha avqrxage humzn isz pwrfect%ly capab)e of perf%(O)rming this inte&polaive
f@3unct+on with a h.gh degreeee pf ackur:cy

JT44: New Digital Mode for Weak Signals: Radio amateurs, in today’s computer age, are increasingly
using modes of communications that have been known 50-years ago, but with today’s signal processing
protocols can be used for communications with spectacular success. These modes for VHF/UHF
communications include meteor and ionospheric scatter, and earth-moon-earth (EME) communications,
where the moon is the reflector of the radio signal. Joe Taylor, K1JT, has, for the radio amateur,
pioneered weak signal detection protocols, based on the mathematics of information theory (by C.E.
Shannon, 1948). Current versions of the protocol devised by K1JT, include error correction features that
make them very robust, even for signals far to weak to be heard by other means. Figure 11 shows the
screen display for reception of an EME communications experiment, conducted by Joe Taylor [39].

Figure 11 Main screen of WSJT in JT44 mode displays K1JT’s
EME contact with GM4JJJ. The large box shows WSJT’s
attempts to decode GM4JJJ’ signal in successive 30-second periods.

The commercial version on which JT44 is derived (JT65), involves 135 intervals of 0.19 seconds long, in
which 69 of the intervals, the single tone 1270.5 Hz is transmitted, for synchronization. In the remaining
66 intervals, tones of various frequencies are transmitted corresponding to 0 through 9, and letters A
through Z.

The most recent published papers by Joe, describe applications for EME, and meteor scatter [39, 40]. The

JT65 protocol is described in reference [41], designed to optimize EME communications. Reference [39]
describes Joe’s first-ever EME contact on 23 March, 2002, between K1JT in Princeton, and GM4JJJ, in
the UK, on 144 MHz. Numerous terrestrial contacts have been made on various frequencies from 50
MHz to 10 GHz.

Digital Voice: Initially station-to-station communications was via FM voice, or by digital data modes
(packet radio systems provide error free digital communications). But digital voice (DV) systems are
making inroads into VHF/UHF amateur repeater systems. Initially users of DV by radio amateurs
employed a commercial signaling system, APCO-25, which has been used by police, fire, EMS, for more
than 10-years. Radio amateur systems employing such DV systems needed no new development, only
modification for radio amateur use. There was clearly, in the minds of some radio amateurs, a need to
develop an all-amateur digital voice system (mode). A current system, just now coming into use,
developed by The Japanese Amateur Radio League (JARL), is called D-Star. D-Star was designed from
ground up to be linked to the Internet.
D-Star digital voice signals carry a 1200 bit/sec data signal, that can be used for text. To use this data
signal, one has to connect to a computer, it cannot be connected to the radio directly. Radio amateurs
setting up D-Star repeater systems are currently busy writing programs to take advantage of this data
signal for sending text and small files.
There is no doubt that analogue-only radio systems will eventually be phased out, replaced by D-Star, or
a next generation new horizon system. While cellular radio systems have the edge, almost unlimited
resources because cellular is a commercial world-wide system, used by million-and-millions of users,
radio amateurs are doing what they are doing, and radio amateurs will be there when commercial systems
fail (see Radio Amateurs Emergency Communications, discussed briefly in a following Section).
HSMM: In 2002 the ARRL Technology Task Force (TTF) established a High Speed Multi Media
(HSMM) Working Group, with John Champa, K8OCL its chairman. The first paper on HSMM was
published in QEX in 2004 [42]. The studies to date have employed WiFi equipment to form the basis for
high speed data transport at 2.4 GHz. Why 2.4 GHz: Bi-Directional Amplifiers (BDA) can be purchased
from Fab Corporation [www.fab-corp.com] specifically designed for amateur HSMM radio
experimenters. We mentioned earlier that radio relay was a part of the early history of radio --- HSMM
can be used for radio relay for the 21st Century. Clearly there are many applications for HSMM
technology, the reference paper mentions some of them (for example high speed link extensions for
emergency communications). Certainly amateur radio operators will always find new uses for state-ofthe-art technology.
Internet Radio Linking: Most VHF/UHF repeaters are stand-alone devices, providing extended
coverage areas, but a significant number are now linked, to other repeaters. Internet linking has in recent
years expanded exponentially, making possible world-wide communication through a local repeater.
There are (at least) four Internet linking systems, the details of which are beyond the scope of this paper.
Two of them are IRLP (Internet Radio Linking Project) [see www.irlp.net]; and EchoLink [see the
www.echolink.org].
IRLP invented by David Cameron, VE7LTD, is a project that links amateur radio stations around the
world using Voice over IP (VoIP) [43]. Each gateway consists of a dedicated computer running custom
software, that is connected to both the radio and the Internet. Since the end user communicates using a
radio as opposed to using a computer directly, IRLP has adopted the moto “Keeping the Radio in
Amateur Radio”. Linux is the operating system, since the designer, VE7LTD, found it allows the best in

reliability, programmability, efficiency and functionality. As of April 2007, there were over 1,280 nodes
across 7-continents.

EchoLink, like IRLP (the difference between IRLP and Echolink is beyond the scope of this paper), also
allows licensed Amateur Radio stations to communicate with one another over the Internet, using the
voice-over-IP (VoIP) technology. The program allows worldwide connections to be made between
stations, or from computer to station, greatly enhancing Amateur Radio's communications capabilities
[44]. Echolink, designed by Johnathan Taylor, K1RFD, runs under Microsoft Windows Vista. Radio
amateurs using the Echo-Link software can operate in one of two modes: 1) Single User Mode. If they
have an Internet-connected computer, they can use the computer’s microphone and speakers to connect to
(or through – see below) other Echo-Link-enabled computers over the Internet and talk to the amateur at
the other end; or 2) Syrop Mode. This entails connecting their own VHF or UHF transceiver to their
Internet-connected PC with a specially-designed hardware interface. Doing this enables another another
radio amateur with their own transceiver, who is within radio range of this station, to communicate with
(or through) any other EchoLink-equipped station anywhere in the world. This is the unique feature of
EchoLink.
Radio amateurs without EchoLink software can take advantage of the EchoLink network if they are
within the range of a sysop EchoLink station. It is also possible to link a syop mode EchoLink station to a
local repeater, further enhancing the communications possibilities. There are (at the time of writing) more
than 200,000 validated users worldwide — in 162 of the world's 193 nations — with about 4,000 online
at any given time.
To date, on the radio side, the transceivers employ FM. But that is now changing. Ray Jacob, W2RJJ, see
QST August 2008, has recently described how a Six Meter Millennium Net, based in New Jersey has
been integrated using the EchoLink protocol into their SSB 50 MHz net, which has now become an all
corners of the USA net. Figure 12 shows Ray Jacob’s station. Speaking into the PC microphone allows
the operator to speak to both the local area radio net and to those calling in from wherever via EchoLink.

Figure 12 Ray Jacob, W2RJJ, (left) operating his SSB 50 MHz amateur radio station provided with Internet-operability.
The sound card interface to his transceiver (right). The VoIP (Voice over Internet protocol), and EchoLink operation,
allows him to speak both to amateurs locally, radio link(s), as well as to amateur radio operators where-ever
(copied from QST, August 2008).

Internet linking of NVIS 80M SSB nets has so far not been used. Canada and USA have many 80M nets,
some operating continuously every day (during daytime) because of the use of such nets for emergency

communications. Certainly Internet linking of such nets could enhance their capability during times of
natural disaster.
What a Difference in 100 Years: In conclusion, Figure 13 shows, for visual illustrative purposes,
photographs of the “radio shack” at the ARRL Headquarters, in 1925, station 1MK (photograph is a copy
of a QSL card); and today’s Hiram Percy Maxim Memorial Station, W1AW (three operating positions
are shown) --- which can be compared with Maxim’s 1915 home station, 1ZM in Figure 1; and the
1BCG station in 1921, see Figure 3. Compare, what a difference!!

Figure 13 Top, a photograph (from a QSL card) of the 1925 ARRL station, 1MK; and (below)
the modern amateur radio communications station (Studio Three, ARRL Hiram Percy Maxim
Memorial Station W1AW, ARRL Headquarters, Hartford, CT). Note: there are 3-operating
positions, the one with the key-board, providing computer interface, is configured for PSK31 capability.

The photographs show the progress from primitive spark-gap transmitters/receivers, to early vacuum tube
equipment, to solid state equipment --- not SDR transmitters/receivers, but incorporated selectable
functions controlled by a microprocessor(s). We have not shown an outside photograph of the antenna
systems used today, at the ARRL Headquarters, multi towers, with multi-element yagi-antennas of all
sizes, and wire dipoles for various bands, which do not show (photographically) so well as the flat-top of
wires for the 1ZM station in 1915, or the cage T-antenna for the 1BCG station in Figure 4.

In the future equipment will shrink in size and complexity, and wireless communications will move to
higher and higher frequencies. There are those that say that “HF is dead”, replaced by iPhones, RIMBlackberrys, Idous, or whatever --- “but in our view HF may be dead, but it won’t lie down”. HF
provides the opportunity to speak directly person-to-person, group-to-group, city-to-city, province-toprovince, state-to-state, and country-to-country --- not with the same quality, reliability, or available
bandwidth --- but the communications channels are there --- and radio amateurs will continue to try and
retain them for their use for whatever purpose.

Amateur radio emergency communications

Note: “In time of emergency, amateur radio steps forward and applies its specialized knowledge to
the task of replacing and restoring and supplementing the normal communications system. That is
our traditional responsibility --- a tradition we have ourselves built and a responsibility we have
ourselves sought. War is the gravest emergency of all, and it is now our duty to discharge that
traditional responsibility to the war emergency with discipline and patriotic duty ---”, by order of the

FCC Commission, T.J. Slovie, Secretary, 8 December 1941.

This is copied from the preamble heading the Notice to all Amateur Licensees notifying them that they
are hereby ordered to suspend all “normal” radio amateur operations in continental United States, its
territories and possessions. This notice was published in the January 1942 issue of QST: reproduced by
the ARRL on the Sixty-Fifth Anniversary of that issue in January 2007.

But ceasing “normal” operations did not prevent the FCC from returning particular stations to the air,
whose operations was judged to be essential to national defense. The notice continues: stating that by
special authority the ARRL headquarters station W1AW would remain indefinitely on-the-air, conveying
government announcements to amateurs and watching over the amateur bands. It is interesting to re-read
that Notice, and to re-read that issue of QST.

In times of crisis and natural disasters, amateur radio is often used as a means of emergency
communications when wire-line, cell phone, and other conventional means of communications fail.
Unlike commercial systems amateur radio is not dependant on single elements of the terrestrial systems
that can fail. It is dispersed throughout a community and can operate without mains power, employing
battery power, solar-power, gasoline driven motor generators. Amateur radio operators can use hundreds
of frequencies and can quickly establish networks tying agencies together to enhance interoperability --interoperability is a major problem with conventional systems.

Amateur radio represents direct, unmediated communication that bypasses and has no dependencies upon
millions (billions) of dollars of commercial infrastructure in getting the message from the send to the
receiver. Hence when disasters occur and these commercial systems go down, amateur radio can still "get
through". HF has particular power in this regard. Of course there are tradeoffs (lower bandwidth, more
reliance on the HUMAN operator and their knowledge, skills and abilities) but we should not forget the
basics.
In Canada and United States amateur radio emergency communications is organized by the ARES
(Amateur Radio Emergency Service), which is sponsored by the Radio Amateurs Canada (RAC) and by
the ARRL. A few examples of natural/man made disasters follow, in which radio amateurs provided or
tried to provide emergency communications:

One of the worst natural disasters in author Belrose’s experience was the Canadian ice storm in 1998.
Freezing rain started to fall on Monday 5th January 1998. The storm coated everything. Ice build-up
brought down power lines and poles, causing massive power outages. It was virtually impossible to
purchase power generators. At the height of the storm, 57 communities in Quebec and Eastern Ontario
were without power. About 600,000 people had to leave their homes, 130 power line towers were
destroyed, and more than 30,000 utility poles fell. Over 4-million people in Ontario, Quebec and New
Brunswick lost power. About 100,000 people went into shelters. Twenty-eight people died from
hypothermia, 945 people were injured. Three weeks after the beginning of the storm there were still
700,000 people without power. With the phones down innovation was the rule. Amateur radio operators

were asked to help and they did when they were not fighting there own problems, towers down, wire
antennas down, and no power. In Quebec during the storm we lost 12 repeaters 4 of which were fixed by
HAMS during the storm. Helicopters brought fuel. Hiking teams pulled recharged batteries. Over 700
hams were operating at one time or another and in the largest part of the storm period, 250 hams were on
at one time!

More recent examples include the 2001 attacks on the World Trade Center in Manhattan, the 2003 North
American Blackout, and Hurricane Katrina in September 2005, when amateur radio was used to
coordinate disaster relief effort activities when other systems failed. The largest natural disaster in the
US, Hurricane Katrina, triggered the response of more than one thousand ham operators from all over the
US, converging on the Gulf Coast in an effort to provide emergency communications. For 37 days more
than 200 Amateur Radio operators from 35 states and Canada deployed to the field by the American Red
Cross in Montgomery, AL, delivered a vital public service.

Many disaster situations transcend national boundaries. Emcomm radio amateurs (Emergency
Communications radio Amateurs) are often involved in international scenarios. The International
Amateur Radio Union Region 2 (which includes Canada and the US), abbreviated EMCOR, is an
international coordinating and planning organization, familiar with the emergency communications
structure in the nations [7].

Disasters frequently occur in remote or less populated areas (comparing with those mentioned above),
yet still radio amateurs co-ordinate some relief efforts. On December 26, 2004, an earthquake and
resulting tsunami across the Indian Ocean wiped out all communications with the Andaman Islands,
except for an amateur radio DX-expedition station that provided a means to co-ordinate relief efforts.
And more recently, Amateur Radio operators in the Peoples Republic of China provided emergency
communications after the 2008 Sichuan earthquake.

Many of the worst natural disasters occur in areas where commercial infrastructure is NOT well
developed, therefore simple and reliable technologies such as amateur radio are much more appropriate
for disaster mitigation deployment. They don't need infrastructure, and if the radios or antennas break
some guy with a soldering iron and a multimeter can fix them. You can't get much simpler than CW
(transmitter ON, transmitter OFF!).

Radio Astronomy

Grote Reber, W9GFQ, was the founder of radio astronomy. He was born in Chicago on 22nd December
1911, but he lived and worked, and built his first radio telescope in Wheaton, IL. He wrote many papers,
some in quite diverse fields, he was an engineer, an astronomer, a meteorologist, a botanist and an
archaeologist . A number of overviews in memoriam papers (Reber died on 20th December, 2002, in
Tasmania, Australia) have been written, but the paper we like best, for general reading on the theme of

our paper, is the one by John D. Kraus [45]. John begins his paper: “Grote Reber first became known
to me through his Wheaton neighbour, E.H. “Bill” Conklin. Bill was a radio amateur, W9FM, so
was Grote, W9GFZ, and so was I, W8JK.”

When Grote learned about Karl Jansky’s discovery of radio waves from the Galaxy (i.e., the Milky Way)
in 1932, Grote decided that this was the field of research he wanted to study. He applied for a job at the
Bell Labs, where Jansky worked, but this was a time period of recovery from the great depression, and
Bell was not hiring. So Grote decided to study radio astronomy on his own. He constructed his first
telescope in 1937, a parabolic “mirror” (see Figure 14), 9.6 metres in diameter, focusing radio waves at a
point 6.1m above the dish.

Figure 14 Grote Reber’s telescope constructed in 1937,
in his back yard in Wheaton, IL (a suburb or Chicago), which
he constructed at his own expense.

In that time period, no one was studying radio astronomy, but it was thought, by those considering
radiation from the galaxy, that Cosmic Static probably came from thermal radiation, and so the noise
level should be higher at high frequencies. In fact Grote’s early studies showed that Cosmic Static was
higher at low frequencies. Grote’s first receiver was designed for 3300 MHz, but he failed to detect

signals from space. His second receiver was at 900 MHz, no luck. His third receiver was at 160 MHz,
and at this frequency he was successful in detecting radio emission from the Milky Way. But at this
frequency Grote’s parabolic antenna had too broad a beam width (12o). Later when he went successfully
to a wavelength of 62 cm (484 MHz), he could successfully begin to map the sky. Grote spent long hours
every night scanning the skies with his telescope. He had to work at night because of automobile spark
engine interference (Figure 15).

Figure 15 Grote Reber spent long hours every night scanning the
skies with his telescope. He worked at night because there was too much
interference during the day due to automobile spark engines.

His first map took a long time in the making, in part because WW II took Grote to other duties. Radio
Astronomers at first did not understand what he trying to tell them, but when he published his first map in
1949, see Figure 16, they started to take notice.

Figure 16 Grote Reber surveyed the radio radiation from the sky and presented
the data as contour maps showing the brightest areas in the Milky Way. The
brightest part is toward the center of the Milky Way galaxy in the south. Other
bright radio sources, such as Cygnus and Cassiopeia, were recognized for the
first time (published in 1949).

The diagram was plotted in galactic coordinates, which they could understand, in which the galactic
equator runs horizontally. Most of the radiation is in or near the galactic equator. The vertical axis are
galactic latitude in degrees, the horizontal axis are galactic longitude in degrees, in which the direction
toward the center of the galaxy has a longitude = 0o. Other bright radio sources, such as Cygnus and
Cassiopeia, were recognized for the first time.

It was not until the 1950s that a Russian physicist, V.L. Ginzburg, worked out the theory of synchrontron
radiation, which results from electrons (and other charged particles) moving at speeds close to the speed
of light in magnetic fields.

Grote Reber donated his telescope to the National Radio Astronomy Observatory, at Green Bank, WV, in
the early 1960s, where it stands painted red, white and blue for the US bicentennial, on a turntable where
it can be pointed in any direction (Grote’s telescope in Wheaton could only be rotated in elevation). The
Mullard Radio Astronomy Astrophysics Observatory (MRAO), Cambridge England has a plaque on the
wall and some of his ashes to remember the work of Grote Reber. The MRAO Observatory was 50-years
old in 2007. It was Grote’s encounter with John Kraus during the war years, which convinced Kraus to
establish the Ohio State University Radio Observatory, in Columbus, OH.

The University of Cambridge, UK, is celebrating 800 years in 2009. The Cavendish Laboratory is
celebrating 135 years in 2009, the MRAO Observatory 52 years. The field of Astrophysics is a major
field of research, leading to an understanding of the formation of stars and planets. Grote Reber was a
living legend in his time.

Conclusions

In this review, however briefly, we have touched on some of the highlights in the past 25 years of
amateur radio, with a brief reference to the beginning of wireless communications. We have attempted to
show that this record testifies the worth of the amateur approach in every phase of the radio
communications art. The diverse culture and educational background of the radio amateur serves to
imbue the R&D environment within the hobby with motivation, pattern of thought, and investigative
insight, which is usually not captured within institutional R&D environments. The relevance of this nontraditional R&D is self evident, in the diversity and type of innovation that has come out of the hobby
over the past century. The authors anticipate that this source of creativity, new ideas, new technologies,
and the innovative application of existing technologies, all of which have been adopted and
commercialized, or put to work in the public sector to improve the quality of life will continue,
throughout the second century of wireless development.
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Amateur Exploration of 500 kHz
By Frederick H. "Fritz" Raab, Ph.D., W1FR

Abstract
The 600-meter band was used for nearly a century for maritime distress and calling, but is now
mostly idle due to the transition to the Global Maritime Distress Signaling System (GMDSS).
This classic part of the radio spectrum offers radio amateurs unique opportunities for technical
investigations as well as emergency communications. Radio amateurs from nine countries have
begun the exploration of this classic part of the radio spectrum.

1. INTRODUCTION

The first International Wireless Telegraph Convention, held in Berlin on November 3, 1906,
designated 500 kHz as the maritime international distress frequency. This same convention also
designated "SOS" to replace "CQD" as the distress signal.
The "600-meter band" (495 - 510 kHz) for nearly 100 years served as the primary calling and
distress frequency for maritime communication. In the 1980s, a transition began to the Global
Maritime Distress Signaling System (GMDSS), which uses UHF communication via satellite. In
the 1990s, most countries ceased using and monitoring CW communications. Today, the 600meter band is idle with the exception of occasional transmissions by heritage maritime stations
and amateurs operating under experimental licenses and special permits.
The frequencies below 1.8 MHz have been little explored by radio amateurs since our
banishment to "200 meters and down" in 1912. The 600-meter band is located (Figure 1) near
the geometric mean of the 2200-m (137 kHz) and 160-m (1.8 MHz) amateur bands. It is of
interest to radio amateurs for a number of reasons:
•
•
•

Reliable regional emergency communications via ground wave,
Investigation of different propagation and noise environment, and
Experimental work with antennas, modulation, and signal processing.

Figure 1. Amateur-radio spectrum from 100 kHz to 1 GHz.

2. AMATEUR EXPLORATION OF 600 METERS
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The frequencies currently used by amateurs exploring 600 meters are shown in Figure 2.

Figure 2. Worldwide amateur activity on 600 meters (March 2009).
Amateur exploration of the 600-meter band began with the Six-Hundred-Meter Research Group
(600MRG) organized by Ken Gordon W7EKB in 2001. The 600MRG included 35 members at
various locations across the USA. In December 2001, the 600MRG was granted experimental
license WC2XSR and authorized to use 440, 470, 480, 495, and 166.5 kHz. Several members
began experimental transmissions almost immediately. However, within a week or two, the
authorizations for 440 - 495 kHz were withdrawn because of fears of interference to the new
high-accuracy differential-GPS system being developed by the U.S. Coast Guard. One member
of this group, Paul Sigornelli W0RW, obtained his own experimental license WA2XRM in 2004
and continues to operate on 480 kHz.
In 1999, the author was involved in an LF radio-navigation project and observed that the oncebusy band from 435 to 510 kHz was now essentially "dead". At that time, the ARRL was busy
trying to obtain a US amateur band near 137 kHz. The author's involvement in the 500-kHz
experiment began in February 2004. Following a chance e-mail exchange with W0RW, the
author contacted several members of the 600MRG to ascertain what had happened. A quick
check of the frequency allocations suggested 495 to 510 kHz as a possible amateur band. The
author then contacted the U.S. Coast Guard about possible objections and the ARRL about how
to proceed.
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The ARRL filed an application for an experimental license in April, 2005. After a meeting
between the ARRL and the FCC in June 2006, the WD2XSH license was granted on September
13, 2006. It permitted 21 amateurs (Figure 3) to operate from 505 to 510 kHz with an effective
radiated power (ERP) of 20 W. The author began transmitting later that day, as did one other
station (/11). By the weekend, station /10 was on the air and signal reports were being received.
This license has been renewed through August 2010 and currently permits CW, slow-speed CW
(QRSS), PSK-31, FSK-31, and MSK-31 modes of operation. A pending modification request will
add about 20 more stations and allow operation from 495 to 510 kHz. At the time of writing, five
other USA experimental licenses have been issued and several more are pending.

Figure 3. Locations of US experimental stations.
Brent ("Gus") Gustafson SM6BHZ received permission in December 2006 from the Swedish
Posts and Telecommunications to operate between 505.0 and 505.2 kHz with an ERP of 20 W.
His band has since been expanded to 501 to 507 kHz. Another Swedish station, SK6RUD,
began operation of a beacon on 500 kHz from Oxaback in August 2008.
Meanwhile, Walter Staubach DJ2LF obtained permission in late 2005 to operate DI2AG on 440
kHz from Dormitz near Nuernberg, Germany He was joined in 2006 by Geri Holger DK8KW
operating under experimental license DI2BO from Peine near Hannover. In December 2006,
these stations switched to operation at 505.0 to 505.2 kHz to match the authorizations of
WD2XSH and SM6BHZ. They have since been joined by four other German experimental
stations.
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Beginning in March 1, 2006, UK amateurs were allowed to operate from 501 to 504 kHz under
a special permit ("Notice of variation"). They were initially permitted to radiate only 0.1 W ERP,
but that has since been increased to 1 W and in February 2009 to 10 W.
Beginning in early 2008, the Belgian amateurs with "full" licenses were permitted to operate
from 501 to 504 kHz with up to 5 W ERP. This is the first actual amateur allocation for 600
meters. Other European countries with 500-kHz stations include the Czech Republic and
Romania. Starting in 2009, Canadian amateurs will be able to apply for a special permit to
operate from 504 to 509 kHz with an ERP of 20 W. Norwegian amateurs should also gain
access to 500 kHz during 2009.

3. EXPERIMENTERS AND EQUIPMENT

Most of the US amateurs participating in the 500-kHz experimental work have advanced or
extra-class amateur licenses. Most are experienced electronics professionals, and many have
maritime-radio backgrounds.
In the finest tradition of amateur radio, experimenters are using a wide variety of approaches to
produce their signals. Photos of some of the equipment in use can be found in an earlier paper
by the author [1].
The receiver is typically a commercial amateur-radio receiver or transceiver. Most commercial
receivers can receive signals below the AM-broadcast band, but the sensitivity is often poor. In
many cases, this is the result of an attenuator that is switched-in to prevent overload by AMbroadcast stations. The most common receiving antenna is an active whip (e.g. AMRAD design)
consisting of a short vertical element (1 meter) with a preamplifier. Other receiving antennas
include rotatable loops, long wires, and the K9AY crossed loop.
The power amplifiers in commercially available amateur equipment in general are not capable of
operating at 500 kHz, or at least do not operate very well. Consequently, experimenters have
needed to build their own power amplifiers or adapt surplus equipment. Some experimenters
are using state-of-the art class-D or -E high-efficiency, solid-state amplifiers. Others have
adapted commercial vacuum-tube amateur equipment. Still others have adapted maritime
reserve (back-up) transmitters or transmitters for non-directional beacons (NDBs). The signal
source can be an amateur transceiver, but is more often a dedicated signal synthesizer. The
latter is especially useful for QRSS transmissions in which maintaining frequency to a fraction of
1 Hz is essential.
A wide variety of transmitting antennas are in use in these experiments. The most common is a
top-loaded vertical antenna. Typically the height is 10 to 20 m, but some experimenters have
been able to put up 30-m antennas. Less common are large loops (10 m x 10 m or more) and
simple vertical antennas.
Antenna tuners for the short vertical antennas must employ large loading coils. The required
inductance can be as large as 700 µH. The diameters range from 20 to 30 cm, and the lengths
30 to 60 cm. Some installations use variometers for fine adjustment. Both ferrite-loaded
transformers and LC networks are used to match the real part of the antenna impedance.
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4. PROPAGATION AND NOISE

Both ground-wave and sky-wave propagation (Figure 4) are of interest at 500 kHz. The ground
wave travels along the surface of the earth and provides regional communication that is not
subject to the whims of the ionosphere. The sky wave provides longer-range communication.
The basic factors affecting these signal paths are:
•
•
•

Antenna gain (hence radiated power),
Propagation loss, and
Noise level.

Figure 4. Propagation paths.

Antenna Gain
Virtually all antennas used by radio amateurs at medium frequencies will be electrically short.
Consequently, the gain of the antennas increases as frequency increases.
A typical example of an amateur antenna is a 15-m (50-ft) vertical (monopole) with sixteen 30-m
radials. The low-angle/ground-wave gain predicted by NEC for this antenna over good ground
(conductivity of 0.01 S/m) is shown in Figure 5. While different short antennas have different
gains, all have the same variation in gain with frequency (6 dB per octave or 20 dB per decade)
while they are electrically short. As the frequency increases past the quarter-wavelength
frequency (5 MHz in this example), the gain continues to increase, but at a slower rate.
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Figure 5. Low-angle/ground-wave gain of 15-m vertical antenna.

Atmospheric Noise
Atmospheric noise is dominant at medium frequencies in the evenings in the spring, summer,
and fall. Man-made noise [2] is often dominant in winter evenings and days in the spring,
summer, and fall. Atmospheric noise is impulsive, which means that much of the noise power is
concentrated in bursts. In contrast, man-made noise is often composed of 60-Hz harmonics.
The median atmospheric-noise levels vary with location, time of day, season, and frequency.
Median noise-level data are provided in [3] in terms of an "atmospheric-noise factor" Fam at 1
MHz. The atmospheric noise factor is a convoluted mechanism that treats the noise as if it were
originating in the front end of a receiver. The atmospheric-noise factor Fam for a given location,
time, and season is then adjusted for the desired percentile level and frequency, after which it is
converted to rms field strength.
The atmospheric-noise factors for the central USA are given in Table 1. The noise level can
vary by 30 or 35 dB over a day. The highest noise levels occur at night (especially 20:00 - 04:00
local time), while the lowest occur in the late morning (08:00 - 12:00). Noise levels are highest in
the summer and lowest in the winter.
SEASON
Winter
Spring
Summer
Fall

Fam, dB at 1 MHz
35 - 70
50 - 85
60 - 90
45 - 80

Table 1. Atmospheric-noise factors for central USA.
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Examples of the variation of atmospheric-noise levels with frequency are shown in Figure 6. The
left graph shows the median noise levels (exceeded 50 percent of the time) for 70-dB
(maximum winter, typical spring and fall) and 90-dB (summer) noise factors. The right graph
shows the noise levels for summer noise that are exceeded 10-, 50-, and 90-percent of the time.
These represent exceptionally quiet conditions, the median level, and very noisy conditions
(e.g., thunderstorms nearby).

Figure 6. Variation of atmospheric-noise levels with frequency

Ground-Wave Propagation
The "ground" or "surface" wave is excited by the interaction of the electromagnetic waves
produced by the antenna with the conducting surface of the earth. The ground wave transitions
through three separate regions as it propagates away from the antenna:
•
•
•

Free-space region,
Flat-earth region, and
Spherical-earth or shadowing region.

In the free-space region, the field strength is proportional to the inverse of distance. In the flatearth region, the field strength is proportional to the inverse square of distance. This is the
region in which most useful ground-wave communication occurs. In the spherical-earth region,
the field strength decays exponentially.
The behavior of the ground wave in the flat-earth region was originally derived by Sommerfeld
and extended by Norton [4]. The "Sommerfeld reduction factor" (SRF) is applied to the
amplitude of a free-space signal to obtain the amplitude of a ground-wave signal. The most
popular form of the SRF is a simple formula devised by Terman [5]. A tractable form of the SRF
that includes spherical-earth shadowing is given by Boithias [6].
Examples of how the amplitude of the ground wave varies with frequency, distance, and ground
conductivity are shown in Figure 7. The left side shows the variation of signal strength with
distance for a 1-W, 500-kHz transmitter and an antenna with a gain of 0 dBi at the horizon.
Typical conductivities for good soil, poor soil, and sea water are 0.01 S/m, 0.001, and 4 S/m,
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respectively. Higher conductivity results in lower propagation loss. Shadowing begins at about
400 km and puts a quick end to useful ground-wave communication.

Figure 7. Amplitude of the ground-wave signal.
The right side of Figure 7 shows the variation of the signal amplitude with frequency at a
distance of 200 km. For good soil, the signal level starts to decrease at 300 kHz, while for poor
soil the decrease starts at about 100 kHz. It is apparent that ground-wave propagation favors
the use of lower frequencies.

Best Working Frequency for Ground-Wave Communication
As discussed previously, the behavior of the antenna gain and the atmospheric-noise level favor
the use of a higher frequency, while the ground-wave propagation loss favors the use of a lower
frequency. The combined effects are shown in Figure 8. These graphs are based upon
•
•
•
•
•
•

0.01-S/m ground,
1-W RF input to antenna,
0-dBi antenna gain,
1-Hz receiver bandwidth,
70-dB atmospheric-noise factor, and
Median noise level.

It is apparent that the signal-to-noise ratio (SNR) for regional communication (100 - 300 km) is
maximum between 400 and 600 kHz. This makes 500 kHz an ideal frequency for regional
uninterruptable emergency communication by ground wave.
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Figure 8. Ground-wave signal-to-noise ratio.

Sky-Wave Propagation
The sky wave allows long-range communication via refraction in the ionosphere. As shown in
Figure 4, the ionosphere is divided into three layers. The D layer extends from 50 to 90 km. It is
created by ionization of the atmospheric by ultraviolet light from the sun and is therefore present
only during the daytime. When present, it significantly attenuates signals at MF. The E layer
extends from 90 to 140 km, with peak ionization and the effective height usually occurring near
100 km. The E layer is primarily responsible for the sky-wave signals at MF. The F layers
extend from 200 to 600 km. During the day there are two distinct F layers (F1 at 200 - 300 km
and F2 at 400 - 600 km), but at night the two layers merge. The F layer is primarily responsible
for HF sky-wave signals. At MF at night, the amplitudes of the ground wave and sky wave are
generally about equal at a distance of 150 km.
A detailed discussion of the ionosphere at MF is given by Davies in Chapter 11 of [7]. The
critical frequency varies from about 1 MHz at low latitudes to 4.5 MHz at a geomagnetic latitude
of 60°. Chirp sounders regularly probe the ionosphere at HF, but the number of soundings at
MF is relatively small.
Since sky-wave propagation at 500 kHz is primarily due to the E layer, the readily available
prediction programs for HF are not applicable. Three methods are available for predicting the
MF sky-wave field strength:
•
•
•

FCC (Region 2),
ITU, and
Wang.
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A nice summary of these methods is provided by DeMinco [8]. All are empirical techniques and
based primarily upon observation of signals in the AM-broadcast band (535 - 1700 kHz).
ITU (CCIR) recommendation 435-7 [9] is a heuristic method of calculating the median field
strength at night and well after sunset. It includes factors for power, sea gain, polarization,
geomagnetic latitude, slant propagation distance, ionospheric losses (absorption, focusing,
terminal, hops), season, and time of day. While it is straightforward, it is quite tedious and best
done by a computer program.
Wang [10] reviews FCC and CCIR methods and provides an improvement upon the FCC
method that remains much simpler than the ITU method. In his method, the median field
strength in dB relative to 1 µV/m is given by
F = Fc + 10 log P + G + 9.54 ,

(1)

where G is the gain relative to an ideal small vertical antenna (4.77 dBi) and P is in kW. The
factor Fc is given by
Fc = (95 - 20 log d) - (π + 4.95 tan Φ) (d/1000)0.5 ,

(2)

where Φ is the mean geomagnetic latitude of the transmit and receive sites (north is positive)
and d is in km. The value of f is limited to a minimum of 250 km and the Φ is limited to the range
of -60° to +60°. The three methods can differ from each other by 10 dB and from measurements
by 18 dB [10].
The predicted median field strength is shown for three geomagnetic latitudes in Figure 9. These
signal levels are based upon an output of 1 W to an antenna with a gain of 0 dBi. All decrease
rapidly with distance above 250 km. Signals are stronger at lower geomagnetic latitudes (e.g.,
30°) and weaker at high latitudes. This is probably assiciated with variations in the E layer. The
graph on the left assumes an isotropic (omnidirectional) antenna, while the graph on the right
includes variation of the gain with the cosine of the elevation angle as in a short vertical
antenna.

Figure 9. Median MF sky-wave signal strength.
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Attenuation of the MF sky wave by the D layer disappears at night. This plus some changes in
the E layer cause a difference of 30 to 45 dB between the amplitudes of the signals from noon
to midnight [8],[11]. Seasonal changes are on the order of 10 to 20 dB [12].
The variation of the median field strength with frequency is relatively small (e.g., 1 to 3 dB
across the AM-broadcast band) at night [10]. It is, however, more pronounced right after sunset.
The upper-decile level (exceeded only 10 percent of the time) is about 8 dB above the median
level. The 99th percentile level is 12 dB above the median.
The level of the MF sky wave is reduced during periods of higher solar activity [13]. This effect is
most pronounced in North America, and more pronounced during day time. The variation from
sunspot minimum to maximum is about 7 to 17 dB, and is most significant right after sunset.
The signal strength is typically maximum in the year after the sunspot minimum.

5. AMATEUR RESULTS TO DATE

The ARRL 500-kHz experiment maintains formal logs of operation (MS Excel) and has a webbased system for filing reception reports. Reports are prepared quarterly and posted on the
experiment web site [14]. The statistics from the WD2XSH operations include (as of Feb. 28,
2009):
•
•
•
•

33,476 total hours of operation,
335 QSOs,
8,318 reception reports filed, and
Zero interference complaints.

Given the relatively small number of transmitting stations, QSOs are not always possible. Thus
in contrast to amateur operations at HF, beacon transmissions make up a significant portion of
the operating time at 500 kHz. The beacon transmissions expand the experiment beyond the
limited number of authorized transmitting stations by allowing any amateur to file a reception
report.
The WD2XSH QSOs criss-cross the continental USA (Figure 10). Reception reports for station
6 (Long Beach, MS) are shown in Figure 11, and the "DX" reception reports and contacts are
shown in Figure 12. For a typical winter evening, the distances for overland QSOs or receptions
are as follows:
•
•
•
•

500 mi (700 km) is routine,
1000 mi (1400 km) is not unusual,
1500 mi (2100 km) sometimes happens, and
2000+ mi (2800 km) happens, but is rare.

Reception of European stations on the US east coast and vice versa is not unusual on a winter
evening.
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Figure 10. WD2XSH QSOs.

Figure 11. Reception reports for WD2XSH/6 (Mississippi) (Courtesy WØRPK).
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Figure 12. DX QSOs and reception reports (Courtesy WØRPK).
The record distances are:
•
•
•
•
•

CW QSO over land - 2,301 mi (WD2XSH/20 OR - WE2XGR/2 CT),
CW QSO over ocean - 3,144 mi (WE2XGR/6 NY - EI2CF Northern Ireland),
Simultaneous CW reception - 3,583 mi (WD2XSH/17 MA - SM6BHZ),
CW reception - 4,736 mi (WD2XSH/20 OR - V73NS Kwajelein), and
QRSS reception - 6,679 mi (WD2XSH/6 MS - V73NS Kwajelein).

Jay Rusgrove, WE2XGR/6 and Finbar O'Connor EI2CF also made a QSO in which WE2XGR/6
was using SSB.

Ground-Wave Experiments
Several tests of ground-wave communication have been conducted by WD2XSH and WE2XGR
stations. These tests were conducted at midday during the summer so that the D layer
eliminates the sky wave, and this is verified by a received signal that is free from fading. In
general, the tests show that ground-wave communication at 500 kHz can be achieved
•
•
•

Over 100 mi with little problem,
Over 200 mi in most cases, and
Sometimes to 300 mi.
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These tests used CW, QRSS, and PSK-31. Some of the paths tested are shown in Figure 13.

Figure 13. Demonstrated daytime ground-wave links.

Daytime Sky-Wave Communication.
A surprising discovery was the occasional long-range contact or reception during the day
(Figure 14). These paths are longer than could reasonably be supported by ground wave. Most
of the paths involve a station in New England, and all such links have occurred in December or
January. This suggests that the D layer is sometimes unusually weak at northern latitudes
during the winter.
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Figure 14. Daytime sky-wave communication.

Digital Modes
The spectrum available for a new amateur band near 500 kHz is limited. Operations in this band
will therefore most likely be limited to CW, QRSS, and narrow-band digital modulation.
One example of a suitable digital modulation is PSK-31. PSK-31 provides data transmission at a
31 b/s rate, which (due to variable-length coding) is sufficient for real-time keyboard
communication. The data pulses in PSK-31 are shaped like half sine waves to constrain the
required bandwidth; only 62 Hz are required for a 31-b/s data rate. Thus a 5-kHz band can in
principle simultaneously support 80 different stations using PSK-31. PSK-31 appears to work
well for both ground-wave and sky-wave links at 500 kHz.
An important advantage of PSK-31 is that it provides the minimum bit-error rate for a given
signal-to-noise ratio. QPSK-31 can provide twice the speed in the same bandwidth, or the same
speed in half the bandwidth.
One possible disadvantage of phase-shift keying is that during day-night transitions, rapidly
changing mixes of ground and sky waves may make the phase unstable. As of the time of
writing, no observations have been made of how PSK performs during the day/night transitions.
FSK does not require phase stability and can therefore be used during the transitions, although
it requires higher power (about 6 dB) for the same data rate.
A disadvantage of PSK-31 is that the time-varying envelope requires a linear RF-power
amplifier. MSK [15] is a form of QPSK with half-sine-wave data shaping (like PSK-31). However,

GMRR MS08-1

16

shifting the data bits on the quadrature carrier by half a bit results in a constant-amplitude carrier
and eliminates the need for a linear amplifier. To date, the amateur community has made little
use of MSK, although it is widely used in VLF and LF communications.
The WE2XGR group has tested a wide variety of digital modulations on 500 kHz [16]. The
modes include PSK-31, QPSK-31, PSKFEC-31, PSK063F, PSK-10, PSKAM10, WOLF,
RTTY45, MSK-31, MSFK16, MSFK8, OLIVIA4-250, DOMINO-EX4, WSTJ-JT2, and WSPR. The
comparisons reported to date are somewhat qualitative in nature and dependent upon specific
software packages as well as the underlying modulation process. Some of these include PSK
with envelope shaping, while others are multi-frequency FSK. The latter seem to have
performed well.

6. AREAS FOR TECHNICAL EXPLORATION

The 600-meter band has been in use for over a century. One might therefore assume that
everything about this frequency range is already known. This is hardly the case, as the
advances in technology during the past fifty years have been minimal. As an example,
regenerative "reserve" (back-up) receivers were still being manufactured in the 1970s. Areas for
future amateur technical investigations are discussed below.

Antennas, Propagation, Modulation/coding, and Signal processing.
The design of electrically short monopole antennas is discussed in a number of text books.
However, virtually all such discussions assume that the antenna can be installed in a clear
space with a large ground system. In most amateur applications, the space available for a
ground system is quite limited and construction of a large radial field may be too expensive. In
addition, many amateur antennas must be placed near trees or buildings. Trees near a short
vertical antenna are thought to reduce inefficiency, which is consistent with the application of an
intense electric field to a poor conductor. Loops generate an intense magnetic field but only a
small electric field, and there is some evidence that they are more efficient when placed near
trees. Nearby trees as well as the ground may also cause changes in antenna impedance with
weather and season. For example, the reactance of the author's 15-m vertical antenna
(nominally about -2000 Ω) varies over a range of 100 Ω. Higher reactance occurs under dry and
cold conditions, while lower reactance occurs under wet and warm conditions.
Propagation at 500 kHz is different from propagation at either 136 kHz or 160 meters and
therefore warrants further investigation. WD2XSH operators have observed good conditions in
one part of the country while bad conditions are present in another. We have also observed
good conditions on 600 meters while conditions on 160 meters are poor. Sky wave at 500 kHz
appears to be subject to deep, slow fading. For example, QRSS30 (slow-speed CW with 30-s
dots for weak-signal reception) often is not useable because the fading effectively removes
parts of the Morse characters. The phase stability of the sky-wave and ground-wave appear to
be adequate for PSK transmission, but the behavior at sunset and sunrise need to be
investigated further. Also, more extensive tests of ground-wave communication are needed to
establish its utility for emergency communication.
A variety of software packages are available for digital communication, but none are optimum
for 500 kHz. While FSK is easy to detect, it does not provide the minimum bit-error rate (BER)
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for a given SNR. PSK provides the best possible BER for a given SNR. However, PSK-31 and
other techniques employ half-sine-wave envelope shaping to constrain the spectrum and to
allow easy data-bit synchronization. This reduces the average transmit power to half of the peak
PEP transmit power, and necessitates the use of a linear (and often inefficient) power amplifier.
Minimum-shift keying overcomes these problems by modulating in-phase and in-quadrature
carriers by data bits with half-sine-wave shaping and half-bit offsets. Unfortunately, it is not well
supported at present by existing software packages.
LF and MF atmospheric noise is impulsive. One consequence is that a large number of
consecutive data bits may be wiped out by a single burst of static. In-between bursts, the SNR
is relatively good. This suggests the incorporation of a burst-error correcting code into a
software package tailored to LF and MF operation. The impulsive nature of the noise also
suggests the use of nonlinear processing such as clipping, editing, or an optimum nonlinearity to
improve the SNR.
Man-made noise is often composed of 60-Hz harmonics. It also generally has electromagnetic
characteristics (ratio of electric to magnetic field, direction of arrival) different from that of a
propagating signal. This suggests the use of a noise cancelling system. Some of the products
intended for amateur use have been used with some success. Experiments by the author with a
more sophisticated system demonstrated 10 to 30 dB of noise cancellation at VLF [17].

7. EMERGENCY COMMUNICATIONS

Events such as Katrina can disrupt normal communication infrastructure over a whole region.
Amateurs have proven their ability to provide emergency communications when all else fails.
A 600-meter band will provide amateurs with a unique capability for uninterruptable
communication via ground wave. Since the ground-wave signal is not dependent upon the
ionosphere, communications based upon ground waves are not interruptable by solar events
(sunspots, solar storms, coronal mass ejection) nor by a high-altitude nuclear detonation that
disturb the ionosphere. For example. a burst of solar activity in November 2003 produced
significant aurora and disrupted HF ionospheric communication for several days. While other
methods (such as VHF tropospheric scatter) can span similar distances, they cannot easily
provide the "party-line" communication that is desirable for emergency communication.
Nodes in a 600-meter ground-wave emergency network could be either fixed or portable. Fixed
stations could be set up at club sites or by individual amateurs. Portable stations would be
housed in a van and driven into the affected area, where a 50-ft umbrella-loaded vertical
antenna would be deployed. The communication vans would use VHF and UHF for short-range
communication within the affected area, and 500-kHz digital links for communication with each
other and with nodes outside of the affected area.

8. POSSIBILITIES FOR AN AMATEUR BAND

Article 13 of the ITU Radio Regulations restricted the use of 495 to 505 kHz to maritime distress
and calling via CW. This restriction was removed at WRC-07 in November 2007. The upper
guard band from 505 to 510 kHz was similarly protected until 1999. Consequently, these bands
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remain relatively empty and offer the best potential for a world-wide amateur band near 500
kHz. Frequencies slightly below and above this band may become available as many of the
nondirectional aircraft beacons (NDBs) are phased-out over the next ten years.
The creation of an amateur band at 500 kHz will also preserve this frequency range for
"heritage" operations. An example is the maritime coastal station KPH/KSM in Bolinas, CA. The
Maritime Radio Historical Society [18] operates this station with vintage equipment and in a
historically accurate fashion in order to preserve the traditions of maritime radio. KSM and KPH
are joined on special occasions by several other coastal stations and ships that still have
operational 500-kHz equipment.
The 2007 World Radio Conference (WRC-07) adopted a resolution (1.23) to consider at
WRC-11 the allocation of about 15 kHz in the band from 415 to 525 kHz to the amateur service
on a secondary basis. We are hoping this will come to pass.
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Peer-to-Peer Wireless Technology: Past, Present and Future
By B. Otis, A. M. Stevens, N. Pletcher and J. Rabaey

I. Introduction
The rate of progress enjoyed by wireless technology over the past few decades is truly
remarkable. Built upon the foundations of the classic radio architectures invented in the
mid 20th century, and leveraging exponential reductions in transistor dimensions,
portable wireless devices have now achieved ubiquity. This paper explores the past,
present, and future of peer-to-peer wireless devices. We will draw comparisons
between Ham radio and Wireless Sensor Networks, describe a specific example of a
miniaturized radio that was inspired by the mostly-forgotten super-regenerative receiver
architecture, and discuss the opportunities and challenges that await designers in the
future.

II. Ham radio: the original peer-to-peer network?
Amateur (HAM) radio can be considered as one of the original peer-to-peer networks.
Starting with the early spark gap and heterodyne transmitters and early crystal &
vacuum tube RF receivers, Ham operators have been prominent experimenters in
wireless radio technology. The ability to communicate over long distance without
landline wire & cable would prove to be the best of all worlds for the Amateur radio
hobbyist.
Marconi’s pioneering work in the practical generation and receiving of long-range radio
signals sparked much interest in utilizing wireless communications systems for shipping,
military and commercial use. It wasn’t long before hobbyists became interested in
applications of this technology. Independent ham operators became so prolific that
regulations and qualifications became necessary to regulate and control the airwaves,
bringing about spectrum licensing. In the early 1900’s, small groups of Hams using
short range spark coils formed a radio club to promote the idea that messages could be
relayed over long distances by establishing a multi-hop network. Eventually this network
would become the American Radio Relay League- ARRL.

During the First World War, amateur radio operators played a major role in military
communications using the skills and knowledge of radio communications gained
through ham radio.
Wireless beginnings - A.M. Stevens
Many of these radio
Having been born in the 1920’s into a military family and being the son of
operators would return
a radioman, my Navy brat childhood gave me ample opportunity to see
from the War to pursue
and hear the sounds of radio activity from Naval Radio Shacks at several
radio as an avocation.
shore locations. The most interesting to me were at Honolulu, TH, Fire
From the early
Island, NY, Sandy Hook, NJ, Darien, Canal Zone (CZ) Panama and
several California locations where Dad was deployed.
discoveries in
electromagnetic
Viewing the radio shacks on the submarines, battle ships and destroyers
induction, the
that Dad took me aboard for visits as a kid was a thrill and provided me
Telegraph, and radio
with an early interest in communications. My first real experience with
wave propagation by
wireless radio was in Darien, CZ while experimenting with a coil of wire
and 6 volt car battery. I attempted to send code using one of my dad’s
Heinrich Hertz followed
keys into a long wire under our house. The response received for this
by advancements by
effort, not having a receiver and ear phones, was my dad swiftly
Marconi, Fleming,
informing me that I was interfering with the reception at the Naval Radio
Fessenden, DeForest,
Shack receivers and to shut down my operation.
and Armstrong (to
Darien Naval Radio station was in an isolated location about halfway
name a few), wireless
through the Panama Canal. The station was constructed in 1913 and
radio communications
produced a 100kW CW signal to antenna connected to three 600 foot
would soon become a
self-supporting triangular towers. It was the first of the Navy’s chain of
reality.
radio stations installed around the world. After the Darien location we
were subsequently stationed at the Balboa Naval Radio Station, and the
Toro Point Radio Station (both in the CZ) before returning to the States
before WWII started.

Editor’s Note:
Fessenden’s
technologies,
Following in my Dad’s footsteps, the Navy provided me with practical
continuous waves,
training in radio and radar operations. The latter proved to be where the
electrolytic detector, his majority of my time would be spent until completing my enlistment and
starting my formal education at the University of Kansas majoring in
heterodyne
Electrical Engineering. My amateur radio experience was limited to
methodology for
becoming a Novice which provided me many hours of interesting
wireless telegraphy;
communications with Hams that would take the time to respond to my CQ
and, modulated
call.
continuous waves,
wireless telephony, although achieved in November/December 1906 using a HF
Alternator, operating at frequencies 40-100 kHz, were (more or less) impractical until
vacuum tubes were invented. No one excepting Alexanderson duplicated what
Fessenden did in 1906 --- a HF Alternator operating at such frequencies --- and such
low frequencies were not practical for most radio communicators, certainly not for radio
amateurs (antenna size for acceptable radiation efficiencies).
Most stations consisted of Spark gap transmitters with an Audion receiver and crystal
detector connected to an aerial wire. The switching between transmit and receive
modes was done manually. Coils were hand wound for use in transformers, oscillators,
and antenna coils by early Hams. In the early 1920’s, the Spark Gap days were
beginning to yield to new architectures, providing AM, FM and eventually SSB, no code,
repeaters, amateur satellites, digital, and finally ubiquitous connectivity.

III. Introduction to ad-hoc wireless sensor networks
One of the driving forces behind radio advancements has been advances in device
technology. The rapid miniaturization of silicon transistors has led to the following
significant capabilities:
1. Size: the ability to integrate millions of active devices on a few square millimeters of
silicon allows a tremendous amount of computation with an extremely small
footprint.
2. Power: a reduction in the required power supply voltage (now 1.1V, and as low as
300mV for highly optimized digital logic [1]) allows a large reduction in power
dissipation.
3. Speed: modern inexpensive integrated circuit (IC) processes are capable of
operating at frequencies well in excess of 100GHz [2]. Thus, entire transceivers are
now routinely integrated into extremely small ICs.
These three advancements have led to a previously inconceivable vision: an ad-hoc
wireless sensor network (WSN) of tiny, wirelessly interconnected nodes that collectively
perform distributed sensing or actuation. A node is a self-contained module which
contains an energy source, computing resources, memory, one or more sensors or
actuators, and a wireless link. See Figure 1.

Figure 1. Block diagram of a basic sensor node architecture. The node is completely
self-contained and modular, allowing a variety of sensor and energy source
configurations.
The nodes are spatially distributed over the area to be monitored: an industrial plant, a
home, an aircraft, etc. Each node monitors its local environment with one or more
sensors, such as temperature, pressure, or acceleration. The node then relays
information back through the network to any querying node or base-station.

The ad-hoc nature of the network is an important characteristic of this vision. The
dynamic network environment constantly changes due to individual nodes entering or
leaving the network (temporarily running out of power) or varying channel conditions
such as interference or fading. For this reason, WSNs must self-configure and employ
distributed routing protocols to ensure that data may be successfully relayed throughout
the network.
Sensor networks can take a variety of forms depending on the application. For
example, a network might be deployed in an outdoor environment to provide finegrained data about temperature or humidity over a large area. In this case, nodes may
need to communicate over a range of tens of meters or more. However, an application
like smart surfaces, where nodes are distributed with higher density over a smaller area,
might require shorter range communication but more data throughput.
In summary, WSN are employed in applications where they must be small and
unobtrusive, deployed in large numbers, and last for a long time with little or no
maintenance. These factors drive three main characteristics common to all sensor
networks:
•

Low cost – The hardware costs must be low enough for large numbers of nodes to be
deployed economically.

•

Small size – In most monitoring applications, sensing nodes should be unobtrusive and
blend into the environment.

•

Low power – Due to the large number of nodes comprising the network, it is not feasible
to provide wired power or replace batteries on a regular basis. Nodes must be fully selfsufficient for multiple years, demanding extremely low levels of power dissipation in all
electronics. The average power dissipation of the entire node must be significantly less
than 1mW.

As in early Ham radio networks, WSNs also utilize multi-hop networks to communicate
data efficiently to remote locations. Since the received power transmitted from an
omnidirectional antenna diminishes with the square of the communication range, it can
be shown that dividing the communication link into multiple smaller hops can reduce the
transmitted power cost to a linear function, saving a significant amount of energy. As
with Ham networks, cooperation and opportunism amongst sensor network nodes is
critical for realizing an efficient network. Figure 2 compares a vintage Ham radio setup
to a wireless sensor node used for tracking and social network experimentation of small
songbirds.

Figure 2. Left: vintage Ham radio transmitter/receiver setup. Right: a wireless sensing
node comprising a 900MHz transceiver, low power microcontroller, and non-volatile
memory.

IV. Radio circuit design: past, present, and future
Reducing the size, cost, and power dissipation of wireless communication devices
remains one of the great challenges for ubiquitous wireless sensing. Emerging
applications in industry, science, and healthcare require small form-factor and
infrequent battery replacement. Future deployments may even necessitate a completely
thin-film transceiver powered through solar, thermoelectric, or wireless energy sources.
Even with continuing technology scaling, the wireless communications link remains the
most challenging aspect of many wireless sensor deployments. However, just as
advances in solid-state devices dramatically changed the application space of radios in
the 1950s, new devices are today promising another revolution in wireless technologies.
Recent advances in micro-electromechanical systems (MEMS) components can help
tackle both the size and power consumption limitations of the current generation of
wireless transceivers. MEMS devices can provide highly selective filtering, saving power
by relaxing the requirements on the active circuitry. They can also be used to generate
a stable frequency reference, potentially replacing the ubiquitous-but-bulky quartz
crystal resonator in some applications.
The radio requirements for WSN are unique. In terms of performance, the radio links
are usually short (on the order of 20m or less) and data rates are application dependent.
For a typical environmental monitoring application, the data rate requirements are on
the order of kilobits per second. However, if the wireless link is designed to be capable
of higher data rates, the system can save power by communicating with a lower duty
cycle, while still achieving the same aggregate data throughput. Tradeoffs abound, and
many doctoral theses have been written on various aspects of efficient WSN protocols,
networking, hardware, security, locationing, and information processing.

The system-level requirements described above (low cost, small size and low power),
are the driving factors that influence the design of a sensor node’s radio. The most
important constraint is clearly power. Reducing power consumption translates to direct
savings in cost and size. With modern microelectronic technologies, the integrated
circuit itself is tiny, while the battery or power generation hardware dominates the
implementation volume. Often, the largest portion of system power consumption is
devoted to the radio. For this reason, a radio design that offers a power reduction may
have the largest impact on node power, size and cost.
If possible, all radio functionality should be integrated on a single chip to eliminate the
need for large off-chip passive components. The choice of carrier frequency will also
impact node size and cost, with higher carrier frequency being more desirable due to
smaller passive sizes.
As a first step, we spent a great deal of time revisiting the advancements that radio
transceivers have enjoyed in the past 80 years. Figure 3 shows an evolution of wireless
devices.

Figure 3. Evolution of RF design showing a.) Bulky vacuum-tube design using high
quality passives, b.) Current RF design using on-chip passives, and c.) Our vision of
future RF design using fast commodity transistors and high-quality passive devices
Radio designers of the 1920's had no chance of realizing a miniaturized, portable
transceiver. Each vacuum tube alone was a few cm3 and required several Watts to heat
the cathode. Additionally, the tubes require a high supply voltage >100V, further
complicating system integration. The devices were slow and expensive. In our opinion,
two important factors allowed the creation of reliable radio links from these inferior
devices: designer ingenuity and very good passive components. Indeed, early radio
sets utilized high quality inductors, low-loss transformers, and hand-tuned airgap
capacitors that allowed the realization of RF receivers using only two active devices.
Things have changed dramatically. Figure 3b shows an example of a modern radio
frequency integrated circuit (RFIC) implementation. The active devices are extremely
fast (fT>100GHz), but the integrated passive components are very poor. Designers

today regularly implement lossy (Q~10) on-chip inductors that consume a huge amount
of chip area. In a 45nm CMOS process, a 300µm x 300µm inductor consumes the same
amount of area as about one million logic transistors! The fact that chip architects are
willing to trade that much digital functionality for one lossy inductor is a clear indication
of the importance of tuning elements. Inductor Q directly affects oscillator phase noise
and LNA noise-figure, for example.
Figure 3c shows our vision for future RF design, which we have been developing since
our early demonstrations of high performance CMOS/MEMS co-designed oscillators [3].
Designers will continue to enjoy process technology scaling, but will also leverage
emerging MEMS devices to allow a large reduction in power and size. This photograph
shows a 2GHz bulk-acoustic wave resonator (Q~1000) assembled on a CMOS
oscillator we co-designed with the resonator.
It is interesting to revisit classic vacuum tube circuit topologies and study them in the
context of modern devices and standards. Since designers were constrained to a low
tube count, early circuits were necessarily sparse but often quite complex in operation.
A great example of this is the once-popular super-regenerative receiver invented by
Armstrong in the 1920’s [4]. This unique architecture achieves extremely high gain by
periodically cycling an RF oscillator on/off. Since the receive antenna is coupled to the
oscillator, even very low amplitude RF input signals will measurably reduce the start-up
time of the oscillator. The oscillator start-up transient is then demodulated, which
recovers the original baseband data.
Since both high gain and downconversion are achieved without a low noise amplifier,
mixer, and local oscillator, the power dissipation of the receiver can be very low. A block
diagram and chip photograph of our IC implementation of a super-regenerative receiver
is shown in Figure 4.

Figure 4. Integrated circuit implementation of a super-regenerative transceiver.

The radio chip is 1mm x 2mm, uses MEMS devices for frequency selectivity, and
dissipates less than 1mW when receiving data at 10kbps [5].

V. Looking toward the future
The next few decades promise further exciting advances in wireless technology. Some
of the innovation will be device-driven, where radio architects will leverage new device
technology to realize ever smaller, faster, and cheaper systems. Just as the transition
from vacuum tubes to solid-state devices enabled new radio architectures and better
performance, emerging passive and active devices will spur further architectural
innovation.
Possibly even more profound will be application-driven advances. One interesting
example of this is the interplay that is currently underway between neuroscience
research and integrated circuit research. The availability of small, low power electronics
that were developed for Wireless Sensor Networking is helping neuroscientists record
previously unobservable data (from freely moving, un-tethered animals, for example). In
turn, this new knowledge of the brain is creating the need for even smaller, lower power,
and more powerful electronics for brain-computer interfaces and neuroprosthetic
devices. These systems will help restore motor function for the disabled, predict and
suppress seizures, and facilitate sophisticated fundamental neuroscience research.
If the size of the system can be made small enough, further deployment possibilities
emerge such as chronically implantable health monitors and even embedding active
wireless biosensors on contact lenses. Like a Ham radio network on a very small scale,
these tiny devices will form multi-hop networks and cooperate to move data efficiently
across the body. Further advancements in wireless connectivity are key for turning
these visions into reality, and designers will continue to look to the past for guidance
and inspiration.
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Recent Developments in Antennas at the
Communications Research Centre Canada
By Aldo Petosa and Michel Cuhaci

Abstract
This article surveys some of the latest antenna research and developments at the Communications
Research Centre Canada. Various examples of dielectric resonator antennas, microstrip antennas,
holographic antennas, reflectarrays, and Fresnel zone plate antennas are highlighted.
Introduction
The Research in Advanced Antenna Technology Laboratory (RAATLab) was established within the
Communications Research Centre (CRC) in the early 1990s to investigate novel antenna concepts
for both terrestrial wireless and satellite communication applications. The current team consists of
twelve staff members and is complimented by numerous graduate students from various Canadian
universities. Commercial and in-house software are used in the analysis and design process, while
machine shop and board etching facilities at the CRC allow for in-house fabrication of all antenna
prototypes. These antennas are then measured in the RAATLab test facilities, which include a farfield anechoic chamber (1-40 GHz), a planar near-field scanner (1-40 GHz), a compact range (2-100
GHz), and a quasi-optical test bench for material characterization (at 30 GHz). Various antenna
technologies have been investigated over the years and this article presents a few examples in the
representative areas where the RAATLAb has focused its attention.
Dielectric Resonator Antennas
Dielectric resonators have long been used in microwave circuits for oscillator and filter designs, but
only in the early 1980s was it demonstrated that they could also be used as efficient microwave
radiators [1]. Since then, these dielectric resonator antennas (DRAs) have been shown to be a viable
alternative to microstrip technology, offering several advantages, the main one being design
flexibility. RAATLab has been one of the pioneers in the characterization and development of DRA
technology, especially in arraying DRA elements for high-gain applications. This article presents
three of the more recent developments.
The first example is shown in Figure 1 and consists of a planar phased array of 320 multi-segment
DRAs, designed at 8 GHz and containing a set of 16 four-bit digital phase shifters for electronic
beam scanning ability in the azimuth plane [2, 3]. The multi-segment DRA is a wideband element
specifically developed to be directly fed by a microstrip line, and thus facilitating the feed network
for large arrays [4].

Figure 1. Phased array of multi-segment DRAs with electronic beam steering, designed at 8 GHz.
Figure 2 is an example of a hybrid antenna consisting of a monopole-DRA combination. This
antenna produces monopole-like radiation patterns over extremely wide impedance bandwidths.
Impedance bandwidth ratios of greater than 3:1 have been demonstrated, making this antenna is a
good candidate for ultra wideband communications [5-7].

Figure 2. Monopole-DRA for ultra-wideband applications.
Figure 3 is an example of an array of 64 DRAs designed using a perforation technique [8]. Using
perforations, the necessity for placing and bonding individual elements to form an array is removed,
since the entire array is formed from a single substrate, which can simplify the fabrication process.

Figure 3. Array of perforated DRAs, designed at 24 GHz.
Comparisons of the perforated DRA array to a corresponding microstrip array at 24 GHz have
shown improved bandwidth and gain performance [9]. An article published in 1998 contains several
more examples of advances in DRA technology by the RAATLab, for the interested reader [10].
Further information on DRAs can be found in a recently published book [11].
Microstrip Antennas
Microstrip antenna technology was first introduced in the early 1970's and is now widespread in
numerous commerical, medical, and military and applications, from cellular base stations to satellitebased radars. Microstrip technology offers several attractive advantages: it is easy to manufacture,
relatively light-weight, potentially low cost and can be made conformal to numerous flat and curved
surfaces. The emphasis at the RAATLab has been on low-cost, wideband microstrip antennas and
arrays for terrestrial wireless and mobile satellite communication applications. Two examples are
presented in this article. Figure 4 shows a 16-element array of microstrip stacked patches designed
for a wideband terrestrial wireless base station (4.85-5.85 GHz).

Figure 4. Stacked patch array for wideband terrestrial wireless applications (4.85-5.85 GHz).
The array is fabricated with low-cost Fiberglass boards using standard printed circuit board etching
techniques and plastic spacers are used to maintain the required separation between boards.
A single-layer microstrip antenna is inherently narrow band (typically they have only a 1-2%
impedance bandwidth), and the technique of vertically stacking two or more microstrip antennas
significantly extends the operating bandwidth. A second example of this stacking technique is shown
in Figure 5, which is a single antenna designed to radiate circular polarization and to be used in LBand mobile satellite applications.

Figure 5. Stacked patch for wideband L-Band mobile satellite communications.

The four-layers of stacking were necessary to meet the requirements to simultaneously cover the L1
(1.575 GHz) and L2 (1.228 GHz) GPS frequency bands. Other examples of microstrip antenna
designs can be found in [12], which includes arrays designed at 20 and 30 GHz for portable satellite
communication terminals.
Reflectarrays
A class of flat reflector antennas, or reflectarrays, composed of microstrip technology was first
developed in the late 1980s [13] Microstrip reflectarrays offer similar gain and efficiency
performance to parabolic reflector antennas, while offering excellent cross-polarization performance.
They can be fabricated using standard etching techniques and offer a lower profile than reflectors.
Reflectarrays can perform numerous functions not possible by the dish reflector such as: distributed
power combining; distributed phase shifting; and scanned beam operations. Unlike a phased array, a
reflectarray does not require the use of a complex and lossy corporate feed network. Thus, it
inherently has efficiency figures greater than that of a similarly sized phased array. In addition, the
reflectarray is inexpensive to manufacture as compared to a phased array and perhaps to a parabolic
dish.
Reflectarray technology has been investigated at the RAATLab since the mid 1990s, and few recent
examples of reflectarray designs are presented in this article. Figure 6 shows a reflectarray designed
in a Cassegrain configuration, for use as in a portable terminal for 20/30 GHz satellite
communications.

Figure 6. Dual-band (20/30 GHz) reflectarray with Cassegrain sub-reflector.
The conventional parabolic main reflector has been replaced by the flat reflectarray for a more
convenient portable design. The reflectarray achieved significantly improved cross-polarization
performance compared to the conventional reflector [14].

Unlike parabolic reflectors, reflectarrays can be designed with multiple focal points. Figure 7 is an
example of a bi-focal reflectarray, which is designed to focus signals at different frequencies to
separate feed horns.

Figure 7. Dual-polarization bifocal reflectarray (20/30 GHz).
The advantages of this type of configuration include improved isolation between transmit and
receive frequencies and a significant simplification of the waveguide feed components, since
orthomode transducers are no longer required and the amount of isolation filtering is greatly reduced
[15].
Finally, Figure 8 shows an example of a circularly polarized reflectarray.

Figure 8. Circularly polarization reflectarray (20 GHz).
Unlike the conventional reflector, this reflectarray uses a linearly polarized horn feed and it is the
cross-shaped elements of the reflectarray which convert the linear polarization of the feed into
circular polarization. This greatly simplifies for the feed design since complex waveguide polarizers
can be eliminated, which also reduces the overall antenna costs. Articles summarizing the main
contributions of the RAATLab to the reflectarray field are available for those who have further
interest [16-18].
Holographic-Designed Antennas
Holographic principles are well known and have been applied to the optics field for many years for
various applications such as microscopy, imaging, data storage, and interferometry. At microwave
and millimeter-wave frequencies, holography has been adapted to such applications as synthetic
aperture radar synthesis, imaging of hidden objects, and to the design of microwave and antennas
[19-29]. The RAATLab has been applying holographic principles to the design of both low-profile
high-gain antennas (using the theory of thin holograms) and to the design of microwave beam
splitters or power combiners (using the theory of thick holograms) [30-35].
Two examples of low-profile antennas designed using holographic theory are shown in this article.
Figure 9 is a printed antenna designed at 23 GHz to produce a high-gain broadside beam when fed
by a small pyramidal horn in the plane of the antenna.

Figure 9. Horn-fed holographic-designed antenna.
Holographic theory was used to design the printed rings in such a way that the scattered fields from
the horn feed result in a narrow pencil beam in the direction normal to the antenna surface. This type
of antenna offers the low profile of a microstrip array without the associated feed network losses. A
second version of this antenna is shown in Figure 10, where the waveguide feed is replaced with a
printed dipole that is integrated onto the same substrate as the holographic ring pattern, resulting in a
less complex and very low-profile design.

Figure 10. Integrated printed dipole feed and holographic-designed antenna.

Fresnel Zone Plate Antennas
A brief historical background on the use of Fresnel zone plate antennas at microwave frequencies is
provided in [36]. The first mention of the use of Fresnel lenses designed at microwave frequencies
appeared in US patents issued in the late 1930's and 1940's [37-39]. Since then, relatively little work
was published until the late 1980's when satellite communications and direct broadcast satellite TV
applications sparked renewed interest in Fresnel zone plates, and over the last two decades there has

been a significant increase in research activity. Two books have also recently been published dealing
primarily with Fresnel lenses at microwave frequencies [40-41].
Fresnel zone plate lenses offer certain advantages over conventional shaped lenses: they are thin and
light weight and are easier to fabricate than conventional lenses. The research on Fresnel zone plate
lenses at the RAATLAb has focused primarily on planar dielectric antennas operating at Ka-band.
The majority of the prototype antennas fabricated have all been designed at 30 GHz. This research
was initially intended to address applications for the then up-and-coming terrestrial wireless Ka-band
LMCS (local-multipoint communications system) market, but most of the results of this research are
applicable to other frequency bands and for many other applications requiring high-gain antennas
[42]. The research and developments on Fresnel zone plate antennas are published in several articles
[43-54]. Three examples are presented here.
Figure 11 is an example of a 30 GHz phase correcting Fresnel zone plate antenna, fabricated from
Plexiglas and designed to with a radiation beam peak 23˚ away from boresight.

Figure 11. Phase correcting Fresnel zone plate antenna with offset beam, designed at 30 GHz.
The intended application would be for inter-building wireless communications where the two
buildings might not necessarily be directly opposite each other and the offset beam design would
allow the antennas to still be flush mounted on the walls or located inside offices behind windows.
A photograph of a high-directivity array of perforated dielectric Fresnel zone plate antennas is shown
in Figure 12. The technique of perforating a single dielectric sheet with holes of different diameters
was used to alter the intrinsic dielectric constant of the material.

Figure 12. Array of perforated Fresnel zone plate antennas at 30 GHz.
These annular zones of different dielectric constants were used to design an array of 90˚ phase
correcting Fresnel zone plate antennas [43,44,49]. The individual elements overlap in order to reduce
the grating lobe levels which would otherwise have been unacceptably high. Each of the antennas is
fed by a separate microstrip patch, located on a lower layer, as shown in Figure 12. This technique of
combining an array of small-diameter Fresnel zone plate antennas, results in a significant reduction
in the overall profile compared to a single large antenna whose diameter is equivalent to the total
diameter of the array.
The third example is of a Fresnel zone plate antenna with beam scanning capability, shown in Figure
13. This antenna consists of a set of vertical narrow metallic shutters which can be individually
opened or closed to either let through or block radiation.

Figure 13. Fresnel zone plate shutter antenna with beam scanning capability.

By appropriately setting these shutters, the location of the beam peak can be scanned in azimuth
(horizontal plane), operating, in principle, like a switched-beam array. Beam scanning of ±40˚ has
been demonstrated with this antenna [54].
Summary
This article has presented an overview of the antenna technologies that are being investigated at the
RAATLab. The scope of the activities has focused on improving performance, lowering the cost and
complexity, or enhancing the capabilities of antennas designed between 1 and 30 GHz to address
terrestrial wireless and satellite communications applications.
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Software Defined Radio - Signals You Can See
(and sound even better than on your old radio)
By Phil Harman, VK6APH, and Steve Ireland, VK6VZ
Those who read amateur radio journals and magazines closely over the last few years will have seen a large amount of references to
software defined radios or ‘SDRs’. If you are a traditionalist who likes their radios to fit onto the tabletop, have big knobs, meters and
dials that glow, the idea of a radio made of software isn’t going to be exactly appealing. However, it is in terms of old-fashioned radio
values - such as sounding great and dealing well with weak signals in strong noise – that SDRs hold perhaps one of their two biggest
advantages over conventional superheterodyne radios.
However, perhaps the biggest advantage is that SDR software lets you see radio signals – not just one at a time as you would hear them
on a conventional radio, but all those that are present in a reasonable chunk of an amateur band. This is possible by means of highlysensitive bandscopes which display signals down to the nano-volt level. Figure 1 nearby shows the view provided by the bandscope of
Alex Shovkoplyas VE3NEA’s free Rocky SDR software [1] of the 1.8MHz band on a personal computer screen, when coupled to
SoftRock SDR receiver hardware [2].
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Figure 1 An SDR-view of the 1.8MHz CW band, using the band scope in VE3NEA’s Rocky application software and a SoftRock
v6 receiver, viewed on the screen of VK6VZ’s Pentium IV personal computer. The signals you can see were recorded around
local sunrise during the CQ 160 CW contest on 21 January 2006. The x axis of the band scope shows the frequency in kHz, whilst
the y axis shows the amplitude of the signal in dB.
Not only are we talking about ‘seeing’ radio signals but this is done in 3D – signals can be seen in their amplitude, frequency and time
dimensions. Very expensive conventional superheterodyne radios now can also do this, but arguably not as well as SDRs. Those who
have seen the built-in bandscopes that are now standard on top-of-the line amateur radio transceivers costing several thousands of dollars
will notice that, for example, Rocky offers a much bigger and more dynamic view of a piece of radio spectrum than the former.

2

Tuning for weak DX signals can be a pretty hit-and-miss affair, as Murphy’s Law of DXing dictates that as soon as you are about to tune
across that rare North Korean station that is calling CQ, he will cease calling. In contrast, with a SDR bandscope, rather than tuning your
radio, with the right analogue-to-digital converter you can see all the stations in a 192kHz (or possibly larger) window and click your
mouse (or similar) onto whichever station you desire to listen to. Often no tuning is often necessary to actually find a wanted station, as
you can see such a large chunk of a typical amateur band.
In addition to a bandscope, which has a high resolution in frequency, most SDRs now offer a display which has a high resolution in time,
known as a waterfall display (see Figure 2), owing to the way it ‘flows’ across the screen from left-to-right or top-to-bottom.
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Figure 2 An SDR-view of the 1.8MHz CW band, using the waterfall display in VE3NEA’s Rocky application software and a
SoftRock v6 receiver, viewed on the screen of VK6VZ’s Pentium IV personal computer. The signals you can see were recorded
around local sunrise during the CQ 160 CW contest on 21 January 2006. The y axis of the band scope shows the frequency in
kHz, whilst the x axis shows an image of CW signal in ‘real time’ (i.e. plotted against time). The images of the stronger signals
received by the Softrock are much stronger/definite than those which are relatively weak. Using this waterfall display, signals
that are barely audible will leave a distinct trace on the screen – in extreme cases, you can actually see a very weak signal when
your ears cannot resolve it.
The waterfall display on Rocky even enables high-speed CW signals – up to about 40 words per minute - to be visually copied. Waterfall
displays also show up flaws in the spectral purity of signals – in particular the key clicks generated by some modern transceivers. No
more disputes as to how bad a friend’s key clicks are – if you have Rocky or a similar program you can e-mail them a screen shot of their
signal, captured from the waterfall display.
Over the last few years, some very significant developments have been made to SDRs, which has taken them out of the realm of the
experimentally-minded and into the world of the hard-core radio operator – and these developments are the main subject of this article.
However, before exploring them, let’s look at a definition for a SDR that both the authors like – and have used several times in SDRrelated articles.
“A software defined radio refers to wireless communication in which the transmitter modulation is generated or defined by a
computer – and the receiver uses a computer to recover the signal intelligence. To select the desired modulation type, the proper
programs must be run by the computer which controls the transmitter and receiver.”
It is in the recovery of the signal intelligence that the advantages of an SDR lie – in which an analogue signal is converted into a digital
one, at which point essentially (almost) all the signal filtering and processing is carried out.
When VK6APH and VK6VZ first started writing about SDRs in the Radio Society of Great Britain’s RadCom magazine three years ago,
essentially all the SDR hardware designs intended for amateur radio were based on a quadrature switching detector (QSD) followed by
an analogue-to-digital converter (ADC) which used a PC sound card or chip (see Figure 3). The highly popular SoftRock series of simple
receiver and transceiver kits and the Flex-Radio SDR-1000 (and its successor) the Flex-5000 [3] uses this design.
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Figure 1 QSD based SDR

Figure 3 Block diagram of a QSB-based SDR receiver.
However, a second SDR hardware architecture of Digital Down Conversion (DDC)/Digital Up Conversion (DUC) is now emerging,
where a high-speed ADC is connected directly to the receiver antenna – see Figure 4. Examples of receivers using the DDC technique
are the Perseus [4], SDR-IQ [5], Hans Zahnd HB9CBU’s ADAT ADT-200A [6], the High Performance Software Defined Radio
(HPSDR) Mercury [7] and the Quicksilver QS1-R [8].
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Figure
2 DDC based SDR
VK6APH was converted to SDR from analogue radios through the purchase of an early version of the Flex-Radio SDR-1000, while both
VK6APH and VK6VZ have been greatly enthusiastic about the SoftRock receiver kits. VK6VZ has used various Softrock receiver
versions extensively on 1.8MHz and as the basis for an out-board bandscope for an FT-1000 transceiver and, latterly, an Elecraft K3.
However, time has moved on and, right now, both us are primarily interested in the use of DDC hardware-based receivers and
companion DUC transmitters, configured as a transceiver.
The reason for this ‘sea change’ is that direct sampling ADCs, such as the Linear Technologies LT2208, are now available that provide
sufficient bits-per-sample so as to give blocking dynamic ranges over 100dB – comparable to, or better than, some top-of-the-range
conventional HF transceivers. As an illustration of the high performance achievable, see Table 1. The prototype receiver is shown in
Figure 5. This figure shows the final ‘alpha’ version of the open-source HPSDR Mercury DDC receiver, in which VK6APH has been
involved in the design and the boards are now being produced by the not-for-profit Tucson Amateur Packet Radio (TAPR) organization
[9]. As you can see from Table 1 below, Mercury has a BDR of 119dB, which is basically independent of frequency spacing.
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Table 1

HPSDR Mercury DDC receiver performance figures

ADC overload
MDS (500Hz) all amateur bands (1.8MHz to
50MHz)
off)
MDS (500Hz) on 50MHz via HPSDR Alexaires
preamp
IP3 equivalent
Blocking Dynamic Range
122.88MHz clock phase noise

-12dBm (preamp on), +8dBm (preamp off)
-138dBm (preamp on), -118dBm (preamp off)
-146dBm
+33dBm (preamp on), >50dBm (preamp off). Note the
IP3 is independent of tone spacing.
119dB. Blocking Dynamic Range was measured at
100kHz and 5 kHz for 1dB gain compression with
similar results.
-149dBc/Hz at 1kHz spacing.

NOTE: The BDR is set by the overload point of the ADC rather than being phase-noise limited.

In the time that SDRs have moved towards DDC/DUC hardware architectures, the world of analogue transceivers has also moved on,
with superb performance (assisted by digital signal processing and filtering) offered by radios such as the Ten Tec Orion, Icom IC-7800,
Yaesu FT-2000 and, latterly, from the Elecraft K3. The Elecraft K3 currently tops Rob Sherwood NC0B’s famous Receiver Test Data
table (see http://www.sherweng.com/table.html) with a wide-spaced BDR of 140dB at 100kHz, but this falls to 101dB at 2kHz.
In contrast, although the HPSDR Mercury’s BDR is about 21dB worse at 100kHz-wide signal spacing than the K3, the Mercury appears
to be about 18dB better than the Elecraft K3 at a 2kHz spacing – which is obviously important if there is a very strong interfering signal
near to the one you are listening to. On the other hand, if you have a very strong signal about 100kHz away from the signal you are
listening to, then the K3 should cope with this better.
However, in general terms, the BDR of the new breed of analogue radios is similar to that achieved in DDC SDR hardware and the
former also offer bandscope facilities and easily-updatable firmware – two of the major advantages that SDRs have had almost to
themselves in the past. The analogue radios also offer a very familiar user interface – knobs and buttons, rather than a mouse and a
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keyboard. So why would users actually want to use a true DDC/DUC SDR, even given its superior bandscope facilities, rather than an
up-to-the-minute analogue superheterodyne-type radio with a really good DSP back-end?
The answer is very simple and comes down to one of the most crucial features of any radio receiver – because signals on a DDC SDR
sound clearer and better. There is also another reason – for those of us that use computers every day, keyboards, mouses, windows and
pull-down menus are now even more familiar and intuitive to use than knobs and buttons.
Owing to the signal processing and selectivity of SDRs being provided digitally by a computer rather than crystal filters, you can provide
continuously variable selectivity down to a few tens of Hz – properly designed digital filters don’t ring like crystal ones. Similarly, noise
filtering/blanking on SDRs are better than anything VK6VZ or VK6APH have experienced on analogue radios - or using the digital
signal processors that are available as add-ons or fitted to the current generation of HF transceivers.
Both VK6VZ and VK6APH have owned Yaesu FT-1000MPs – a fine transceiver with a relatively good built-in DSP noise reduction and
filtering – but the DSP processing available in today’s SDR software such as the free and open source PowerSDRTM [10], written mainly
by Bob McGwier N4HY and Frank Brickle AB2KT, and VE3NEA’s free Rocky is vastly superior to that available in the FT-1000MP in
our opinion.
One of the best things about SDR digital filtering is that it is usually continuously variable. For example, by simply clicking with your
mouse onto the filter bandwidth screen icon on the Rocky spectrum display and dragging it, you can vary the bandwidth of selected filter
– in the case of the CW filter from 600Hz down to 20Hz.
This means the operator can actually optimise the bandwidth of the received signal, in terms of signal-to-noise ratio. As VE3NEA, the
author of Rocky, notes on his website, for CW signals in white noise this is 1.5 times the words per minute of the CW signal you are
listening to – which for a 30 wpm signal is about 45Hz. VK6VZ uses this control on Rocky (which he uses in conjunction with SoftRock
receiver hardware) by simply dragging the filter bandwidth narrow/wider until the weak CW DX signal he is listening to sounds most
readable, which on a noisy evening on 160m often seems to be around 150Hz.
Sounds better
Back in October 2008, three radio amateurs got together in the VK6APH workshop – VK6APH himself, VK6VZ and our friend Fred,
VK6GE (an Elecraft K2 owner, very long-time radio amateur and retired professional radio operator). On the bench were an Elecraft K3
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and a HPSDR Mercury (using the open-source PowerSDRTM software), both connected to VK6APH’s Moxon Claw HF beam antenna via
an antenna switch. In this case, the bandwidth of the HPSDR was not being varied continuously to improve signal-to-noise ratio, but
‘standard’ filter bandwidths (i.e. 2.4kHz and 500Hz) were being selected in PowerSDRTM that matched the filters that were available in
the K3.
For 45 minutes or so, we sought-out weak SSB and CW signals on a noisy 14MHz band and switched the antenna from one radio to
another – just simple A/B testing. The verdict was unanimous – whilst the Elecraft K3 was probably the best-sounding (and performing)
analogue radio the three of us had ever used, the HPSDR sounded ‘better’ and weak signals were considerably easier to understand.
Why was this so? The performance figures for the two radios are very similar! The answer is actually very simple and relates to the
crystal filtering (‘roofing filters’ in the case of the K3) that the K3 – and most analogue communications radios – use.
All the radio frequencies that amateurs use are covered in noise – some of which is atmospheric, some of which is ionospheric and the
rest is man/machine made. When noise pulses/spikes pass through a crystal filter, the phase response of the filter changes, depending on
the noise frequency. However, when noise pulses/spikes pass through an ADC with a linear response, the phase response stays the same,
because the ADC treats them in a linear manner.
That’s the theoretical explanation – what happens in practice is that on a DDC SDR any noise actually sounds mellow and easy-on-theear, in a manner that has to be heard to be believed. In the case of an analogue radio, even one stage of crystal filtering (such as is used
on the K3) is enough to cause a phase response to noise that eventually irritates/tires the user and makes them want to switch the radio
off.
In the case of the noise response of the DDC SDR Mercury, it was balm to the ears of VK6APH, VK6VZ and VK6GE. VK6VZ now
tunes around 7MHz during the evenings listening to weak DX on his DDC SDR receiver hardware (based on the HPSDR Mercury and
its companion Ozy communication board) and laughs cruelly to himself when other radio amateurs complain how noisy the band is…
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Figure 5 Photo of VK6APH’s prototype transceiver. On the left (from left to right) you can see the Ozy, Mercury and Pentelope
boards. On the right are prototype ALEX receiver bandpass filter and transmitter low pass filter, boards mounted in case.
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VK6APH has been using prototype HPSDR transceiver hardware for over a year now and VK6VZ has moved onto converting his DDC
receiver hardware into DDC/DUC transceiver hardware similar to that used by VK6APH, with the addition of the HPSDR Penelope
DUC exciter/transmitter board and a 100W PA from a surplus commercial HF transmitter.
As we write in January 2008, a growing number of radio amateurs around the world are taking to the airwaves with ‘home-made’
transceivers, based on the Mercury, Penelope and the Ozy boards which are being sold by the TAPR.
VK6APH and VK6VZ hope to publish constructional details of a HPSDR-based transceiver during 2009 in the RSGB’s RadCom
magazine. A picture of an experimental version of the transceiver, in its prototype case, designed and built by our friend Bob Crowe,
VK6CG is shown in Figure 6. Constructional details of the VK6CG case for the HPSDR are also planned to be published. The next
major SDR project by VK6APH and VK6VZ is to write a handbook on the subject.
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Figure 6 VK6VZ’s partly-built HPSDR transceiver in VK6CG’s prototype case.
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An ABC of SDR Abbreviations
ADC
BDR
DDC
DSP
DUC
HPSDR
I
Q
QSD

Analogue-to-digital converter
Blocking dynamic range
Digital down conversion. The name given for receiver technology in which a received signal is converted from analogue to
digital at the antenna socket.
Digital signal processing
Digital up conversion. The name given for transmitter technology in which a signal is converted from analog to digital before
it reaches the antenna socket.
High Performance Software Defined Radio. See: www.hpsdr.org
In-phase signal
Quadrature signal
Quadrature switching detector
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Postscript
The ARRL QEX magazine has begun a new column dedicated to software defined radio and digital signal processing, beginning in the
January/February 2009 issue. If you have an interest in SDR, follow along to learn, or contribute to Ray Mack, W5IFS’s column, who
himself is learning as he writes this column. QEX is (or is intended to be) a forum for communications experimenters.
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The Quest For Higher Frequency
Brian Justin, WA1ZMS
The author is one of only two or three radio amateurs worldwide who have
had actual two-way radio contacts using the non-optical radio spectrum above
300 GHz. He is likely the only radio amateur thus far to achieve
communications distances greater than a kilometer. The motivations,
implementations and technical challenges of amateur operations in the
millimeter wave spectrum are reviewed.

Background
The hobby of amateur radio gained its first dedicated and segmented millimeter-wave radio
spectrum allocation as a result of the 1979 World Administrative Radio Conference
(WARC-79) [1]. The new amateur allocations created included radio bands at: 47, 75.5,
120, 142, 241 GHz, and all above 300 GHz. Prior to WARC-79, all spectrum above 30
GHz was considered a single amateur radio band and no actual radio license was required
for any operation in that region of spectrum, at least as far as operation in the United States
was concerned. A result of WARC-79 was to “raise the bar” by replacing “all above 30
GHz” with the words “all above 300 GHz.” At that point, the hobby entered a new and
more challenging technical era.
With this change in allocations, it was then clear that an unofficial challenge had been
issued to the amateur community to see who as a radio hobbyist could effectively design
and construct radio hardware to establish radio communications in the upper regions of the
radio spectrum.
It is interesting to note that, historically, radio amateurs as a whole have routinely been
assigned by radio regulating bodies the “useless short wavelengths” that are often
considered to be of little commercial interest. Although radio science has progressed
greatly in the past 100 years, amateurs are still fortunate to have often unfettered access to
the true “shortwaves,” and it is in these regions with political and financial pressures
removed, that the radio amateur is able to explore physical and natural laws of radio
science as they apply to the nether region of radio spectrum.
Motivation
Although the author has been employed for over 20 years in the commercial RF industry as
a circuit designer his personal interest in radio dates as far back as early childhood while
chasing AM broadcast-band DX. In middle school the attraction of amateur radio lead him
to the cementing a life-long love with radio. The freedom to design, construct and operate
one’s own radio equipment is unique to the hobby. Along with this freedom comes the
ability to explore avenues of radio that otherwise might not be easily done in a commercial
or military design environment where schedule, cost and reliability are key issues. In the
amateur radio one is free to experiment with designs and radio operating techniques that
may not result in positive success but yet the only costs incurred for failure are one’s own
personal time and effort.

It’s with that framework in mind that the author in 1996 decided to embark on a project to
explore the amateur radio band at 47 GHz. At the time, the goal was simple Gunn oscillator
based radios that would allow for extra-earned points in VHF/UHF radio contests. After
achieving that, it appeared only natural to take that success to the next higher amateur
band, that being 75 GHz. With each ultimate successful radio contact over greater and
greater distances grew the desire to continue to pursue yet higher and higher operating
frequency.
As still the case today as it was in the 1990s, there is no complete of-the-shelf supplier of
amateur radio equipment for the mm-wave, much less the sub-mm-wave bands. All
equipment must be hand-built from scrounged and surplus commercial sources as well as
home constructed assemblies such as mixers, phase locked loops, Gunn sources and
antennas.
An additional challenge to the effort is the need to construct not only one transmitter and
receiver, but the need exists to construct two transmitters and two receivers so there will be
another station to communicate with. This necessitates the need for at least two of each
sub-assembly to either be built or secured for a given project on a given amateur radio
band. Needless to say, much personal effort is often required.
Equipment design challenges
The most difficult technical challenges facing any sub-millimeter wave radio system are
the fabrication of the RF components and the need to address the inherent water vapor
losses if non space-based communications are expected.
The first technical challenge has been overcome to a reasonable extent through the research
and development work at the University of Virginia [2, 3] and its partner commercial
company Virginia Diodes. [4] During the author’s millimeter wave amateur radio projects
in the late 1990’s a strong partnership was created with several of the faculty and graduate
students of the University of Virginia and their excellent R&D efforts in the area of planar
Schottky diode mixers and multipliers. One of the key components of the author’s
collaborative work with the Virginia Diodes was a unique anti-parallel diode
multiplier/mixer fabricated in a split-block assembly. [5] The anti-parallel diode pair is
used in self-bias operation to act as an 80/240 GHz power tripler. Output power at 240
GHz is 1mW. The diode pair is further operated with active DC bias and requisite
adjustments of LO drive power to place the diode pair in a single-ended harmonic mixer
mode. It is this later mode of operation that is used to exploit higher order harmonics at
multiples of the applied LO drive. In this specific case operation at 322 GHz and 403 GHz
are both possible. Adjustment of DC bias and LO RF drive are used to optimize a given
harmonic. Transmitted RF power out of the harmonic mixer is around 100uW for 322 GHz
and around 10uW for 403 GHz. The mixer noise figures are estimated to be around 40 dB
and 50 dB, respectively. In all cases, the mixer/multiplier is driven by a 40mW 80 GHz
phase-locked Gunn source.

Since the TX carrier and RX LO carrier are in the sub-millimeter wave region, close-in
phase noise of those carriers limit attempts to use very narrow receive demodulation
bandwidths to improve received signal to noise ratio. Careful attention must be made to the
selection of a primary frequency reference. In the case of phase-locking, the Gunn source,
an ultra-low noise OCXO reference oscillator made by Wenzel Inc. was used for each
station.
With such low transmitted RF power levels and high conversion loss receivers, simple CW
(Morse Code or OOK) is used as the modulation type owing to its good performance with
weak signal levels. PC-based FFT signal processing software is also used to help aid the
radio operator in the direct copy of the CW signal at times when copy by ear was not
possible.
Both radio set-ups are physically portable in design. This allows for easy transportation
between hilltop locations as successful radio contact distances are increased over time. The
portable nature requires that compact parabolic dish antennas be the antenna of choice and
for each station a custom 30-cm-diameter parabola was machined through the assistance of
a local trade-school instructor. A rifle scope is also used on each station to aid in pointing
since the beam width of each antenna is less than 0.5 degree in both azimuth and elevation
angle.
Figure 1 – Example of 241/322/403GHz portable Amateur Radio station

Atmospheric challenge
The next most difficult operational challenge is to understand and address the weather or
atmospheric limitations that are placed on all terrestrial millimeter and sub-millimeter radio
systems. Propagation losses from both oxygen and water vapor must be understood in order
to extend radio communication distances. Since the radio amateur is often looking for
anomalous modes of radio propagation to enhance communication distances, operation on
millimeter-wave and sub-millimeter wave bands is almost exclusively limited to only days
of lowest dew points when minimum water vapor exists in the atmosphere. The author has
found that the Liebe atmospheric model [6] was indispensable for an intuitive
understanding of atmospheric losses and for predicting when and where the best
propagation conditions will take place based on local weather forecasts and atmospheric
soundings data. Based on several years of practical, real-world use of the amateur
millimeter-wave bands the author can confirm the accuracy of the Liebe ATM if even from
semi-empirical perspective.
To provide some insight into the difficulty with millimeter-wave and sub-millimeter-wave
propagation, refer to Figure 2.
Figure 2 – Graph Based on Liebe ATM showing atmospheric loss in dB/km as a function of frequency.
Top curve represents warm weather with a dew point of 9° C, while lower curve represents cold
weather with a dew point of -17°C. Both curves are for sea level height with a pressure of 1013 mb.
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This graph shows the total atmospheric losses from both water vapor and oxygen as a
function of operating frequency. When one locates the amateur millimeter wave bands on
the graph (122, 134 & 241 GHz) it can be seen that there distinct advantages to operating at
those frequencies due in-part to their distance from fixed molecular line resonances such as
119 and 183 GHz. This becomes even more of an issue when one considers operation in

the 550 and mid-750 GHz regions. Near those frequencies, losses can be over 1,000 dB per
km on even the driest of days in the Arctic when dew points are at extremely low values.
In the author’s case, operation at 322 GHz was far from a closer optimum frequency such
as 340 GHz, but since harmonics of lower frequencies were being exploited from existing
equipment, it was considered a technical challenge that needed to be overcome.
Figure 3 is but yet another way to depict the effect of dew point on a given operating
frequency. Graphs such as these have been made by the author for each of the amateur
bands above 24 GHz and have shown to be excellent tools to help gauge potential
communications distances by only considering the dew point of the current weather
conditions.
Figure 3 – Chart based on Liebe MPM giving total atmospheric
loss vs. dew point for operation at 322 GHz at sea level
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Looking forward at even higher operational frequencies, one much face the fact that
atmospheric losses will even be that much great and modern DSP receiving techniques that
involve very long integration times must be considered if even the slightest value of
received carrier-to-noise is to be expected.
Geographic challenge
Finding highway overlooks, clear hilltops, open parking lots and sides of roadways with
views in particular directions are critical requirements that must be completed to
incrementally extend ones communications distance. For example, if communication for a
given radio frequency has been established under certain dew point conditions then in order
to extend that distance a combination of accessible locations and new lower dew point
values but be found. A new easy to access site that is but several more kilometers away
might be just too far to communicate over unless the dew point reaches impossibly low

values given a specific geographic region of the earth. In that case, one must either wait for
a very rare weather even to produce the needed dew point value or a closer intermediate
distance over which to operate must be found.
Operational results
Several years of time have been spent by the author operating on 241, 322 and 403GHz
using the pair of stations described above. Successful communications distances with
fellow amateurs operating the station on the other end have been slow. The primary
restriction is due to the requirement for very dry atmospheric conditions that might only
occur on a handful of days per year during the winter months. As distances have slowly
been extended through equipment optimization and refined operating techniques, it has
been found that the number of useful dry days reduces in quantity per year. Some winter
seasons have not yielded any days that were dry enough to extend the previous year’s
distance records.
Table 1 - Table of author’s distance records for 241GHz and above
Operational Frequency
241 GHz
322 GHz
403 GHz

Date
Jan. 21, 2008
Dec. 9, 2006
Dec. 21, 2004

Distance
114 km
7.3 km
1.4 km

Summary
It is in all likelihood that as radio science progresses and more commercial interests eye
today’s sub millimeter-wave spectrum the bar will be raised even higher possibly to 3THz
and beyond for the radio amateur. Hopefully, the hobby spirit will continue and the relaxed
environment will lead other amateurs to continue to explore portions of the radio spectrum
that are often labeled “useless shortwaves” as was the amateur’s original situation back in
the early 1900’s.
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Ultra-Wide Bandwidth Systems
By Mohammad Ghavami and Xiaoli Chu
The demand for higher data rate transmission in wireless communication systems can never be
satisfied. The only constraint is the availability of required technologies at an acceptable
market price. In recent years, wireless personal area network (WPAN) has become a popular
topic. It requires wireless high data rate transmission over a distance ranging from several
meters to hundreds of meters with low power consumption. New technologies have appeared to
try to satisfy the demand. The low-power Bluetooth standard is designed to provide a
maximum data rate of about 700 kb/s over a distance of up to 10 meters, which can only
support file and music transfer. The IEEE 802.11b standard was established to offer a data rate
of around 5.5 Mb/s over a distance of up to 100 meters, while the IEEE 802.11a standard
promises a data rate from 24 Mb/s to 35 Mb/s over a distance of up to 50 meters. Although the
latter two can provide enough data rates to support video transmission, the large power
consumption restricts their broad applications on small portable devices.
Ultra-wideband (UWB) has been one of the most popular topics in wireless industry and
academia since the early 1990s. With a transmission power below the noise level, it promises to
accommodate data rates from hundreds of Mb/s to several Gb/s over a short range from one
meter to tens of meters, with a trade-off between link distance and data rate. Working with such
a low transmission power, UWB systems require a large bandwidth to maintain a hightransmission data rate. A large bandwidth of 7.5 GHz has been assigned by the Federal
Communications Commission (FCC) in 2002 for future UWB applications in the USA. This
decision has instigated greater speed in the process of bringing new UWB devices to the
market.
This chapter starts with a short introduction to UWB systems. Then UWB communications and
standards will follow. Moreover, propagation of UWB signals and interference problems
related to them will be briefly investigated.

1 Introduction
UWB is a wireless communications technology that has attracted a lot of attention in recent
years in both academia and industry due to its attractive features and capabilities. Although
UWB wireless communications is considered to be a recent advancement, however, in fact
UWB has been around for many decades.
Through these years, due to technical difficulties facing commercial use of UWB systems,
narrowband communications were preferred to them, and UWB systems could only enjoy the
attention of military organizations for communication purposes. This trend was changed when
the initial step towards commercial UWB was taken by the FCC and its famous ruling. The
ruling essentially dedicated a very large portion of the frequency spectrum from, 3.1 to 10.6
GHz, for unlicensed employment of the UWB signals at the noise floor. For a signal to be
considered as UWB it has to occupy at least 500 MHz of bandwidth or posses a fractional
bandwidth of more than 20 percent. The fractional bandwidth is defined as the 10 dB

bandwidth of the signal divided by the center frequency. The FCC has also released a spectral
mask to ensure the coexistence of UWB systems with other narrowband systems and devices
sharing their bandwidth with UWB systems.

2 UWB Communications and Standards
Distinguished from narrow band communication systems, basic UWB impulse radio employs a
baseband signal with a pulse width usually in the order of sub-nanoseconds and with signal
energy spreading over a wide spectrum.

2.1 Impulse Radio UWB
One of the advantages of UWB impulse radio is its potential for carrier-free transmission,
which can reduce the manufacture cost considerably. In this case, the signal is radiated by the
transmitter antenna, propagates through the channel, and is then detected by the receiver
antenna. The received signal energy is finally forwarded to the decision circuit.
Several wave shapes have already been proposed and investigated for UWB impulse radio
systems including Gaussian pulses and its derivatives of different orders, modified Hermite
functions, Rayleigh, Laplacian, and prolate spherical wave functions [1]. The bandwidth and
spectral shape of UWB signals are determined by the pulse width, rise time of the leading edge
of pulse and the frequency response of radiating antenna, while centre frequency is determined
by the pulse shape.
For a single user transmitted waveform s(t) can be given as:
∞
 n  

 
 p t − nT f − c TH ( n )Tc − b  n  ∆  
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where E is the energy per pulse at the transmitter side, Nf is the number of frames in a symbol,
Tf is the frame length, Tc is the slot duration, and p(t) represents the applied pulse. Moreover, Nc
= Tf/Tc is the number of slots in a single frame and cTH(n) ∈ {0, 1, …, Nc – 1} represents the
time hopping (TH) code during the nth frame. By using various forms of a and b, different types
of modulation schemes can be modeled by this equation.

2.2 Modulation Schemes
Commonly used modulation methods for UWB impulse radio systems include pulse position
modulation (PPM), pulse amplitude modulation (PAM), binary phase shift keying (BPSK) and
on-off keying (OOK) modulations. Assuming that an M-ary information symbol is given by
q(k) ∈ {0, 1, …, M – 1}, a(k) = 1 and b(k) = q(k) represent PPM, a(k) = 2q(k) – 1 and b(k) = 0
implies BPSK and a(k) ∈ {0, 1} and b(k) = 0 denotes OOK. Modulations can be achieved on
more than one dimension to effectively increase the information bits conveyed on the pulse
waveforms.
The large bandwidth occupied by the impulse radio UWB communication systems results in
both frequency selectivity in the propagation channel and a large number of resolvable multi-

path components at the receiver side. This frequency-selective propagation channel can be
modeled as a tap delayed line, and the optimum demodulator can be constructed by employing
a sequence of matched receivers with proper time delays for all delay taps. This kind of
demodulation structure is called Rake demodulator. The target of a Rake receiver is to collect
the signal energy that is carried over selected multi-path components. Templates with proper
time delays are called fingers of the Rake receiver, and are provided by the channel estimation
part of the Rake receiver.

2.3 UWB Antennas
When an antenna is considered for UWB systems, it is crucial to ensure that the antenna will
not cause the pulse to spread when it is transmitted. Furthermore, it is important to make sure
that the antenna will be highly efficient in radiating electromagnetic energy because transmit
power used in UWB systems is very low. In addition, the antenna needs to be broadband
enough to handle the bandwidth requirements for (a fractional bandwidth of at least 20%).
The radiation characteristics of the impulse radio UWB signals from an antenna is significantly
different compared with the radiation produced by long-duration narrowband signals. The
development of new UWB sources and antennas has shown significant progress in recent years.
In order to meet FCC spectrum requirements, considerable band-pass filtering will need to be
done. Classical antennas have proven their use in different wireless applications, however, none
of them can be used for UWB applications and there is a need to look for new types of
antennas. The antenna must be able to radiate or receive fast electromagnetic transients with
frequencies between 3.1 GHz and 10.6 GHz. These antennas should be able to be used off
ground, not only for safety reasons but also to improve the mobility of the sensor. Another
criterion to guarantee high mobility is the dimensions and weight of the antenna. Small
antennas are also better for handheld applications. Finally, UWB antennas must be cheap to
produce.

2.4 UWB Standardization Efforts
The standardization activities of WPANs take place in IEEE 802.15, which is an international
working group within IEEE [2]. The group is responsible for creating a variety of WPAN
standards, and is divided into four major task groups from which two of them are related to
UWB systems:
a) The IEEE 802.15.3 task group is developing WPANs with data rates up to 55 Mbps. The
standard should operate on five 15 MHz channels in the unlicensed 2.4 GHz ISM band.
b) The IEEE 802.15.4 task group is focused on low-data-rate, low-power WPANs. IEEE
802.15.4 members are investigating low-data-rate WPAN solutions with a battery life
ranging from months to several years, with very low device complexity.
2.4.1 IEEE 802.15.3a
In 2001 802.15.3 SGa study group was set up to serve the requirements of companies wishing
to deploy very-high-data-rate applications, such as video transmission, with data rates greater
than 110 Mbps at a distance of 10 m. Probably the best candidate for definition of a new

alternative was the UWB technology. The purpose of this study group was to provide a higher
speed physical layer enhancement for applications involving imaging and multimedia. The
main expected characteristics of this alternative were coexistence with all IEEE 802 wireless
physical layers, data rate in excess of 100 Mbps, robust multipath performance and location
awareness capability.
The IEEE 802.15.3a study group was considered as the main standardization organization for
UWB. Since it began hearing proposals in March 2003, many companies continuously
improved and merged their ideas, and collaborated to form coalitions. In June 2002, a UWB
startup company had already introduced the first UWB device under the new rules for wireless
connectivity applications using its direct-sequence (DS) UWB technology. On the other hand,
the UWB Multiband OFDM Coalition supported a multiband OFDM approach which
employed pulsed modulation.
2.4.2 IEEE 802.15.4a
The IEEE 802.15.4a task group was charged with developing an amendment to the current
IEEE 802.15.4-2003 for an alternate physical layer. The primary interest in developing this
physical layer was to provide communications and high-precision ranging and location
capability, high aggregate throughput, and ultra low power. The group was also looking at
adding scalability to data rates, longer range, and lower power consumption and cost. These
additional capabilities over the existing IEEE 802.15.4 standard were expected to enable
significant new applications and market opportunities.
IEEE 802.15.4a became an official task group in March 2004. The committee actively drafted
an alternate physical layer specification for the applications identified in accordance with the
project timetable. In March 2005, the baseline specifications were selected and approved. It
consists of two optional physical layers consisting of a UWB impulse radio (operating in the
unlicensed UWB spectrum) and a chirp spread spectrum (operating in the unlicensed 2.4 GHz
spectrum). The 802.15.4a compatible UWB impulse radio is able to deliver communications
and high-precision ranging.
2.4.3 DS-UWB Proposal
DS-UWB is one of the 802.15.3a proposals and uses DS-CDMA with variable code lengths to
provide data rates of 28 to 1320 Mbps over a spectrum of 1.8 GHz in the range from 3.1 to 4.9
GHz [3]. Information bits are first scrambled and forward error correction (FEC) code is
provided by convolutional codes with a coding rate of one half. An additional coding rate can
be achieved by puncturing the encoder output. Encoded bits are then interleaved using a
convolutional interleaver. Two types of modulation may be used, BPSK and 4-BOK (binary
orthogonal keying). In the BPSK mode, 1 bit is used to determine the polarity of the spreading
code which will be transmitted, while in the 4-BOK mode 2 bits are used to choose one of the
two spreading codes as well as its polarity. Variable length codes combined with different chip
rates as well as center frequencies are used to enable several devices to operate in the same
band. Pulse shaping is then performed using a root-raised cosine low pass filter with 30%
excess bandwidth.
Compared with the other proposal, DS-UWB can provide larger fractional bandwidth signals in

two different bands and benefits from low fading due to the wide bandwidth of greater than 1.5
GHz. It also provides a combination of high performance and low complexity for WPAN
applications. It supports scalability to ultra-low-power operation for short-range, very high
rates using low-complexity implementations.
2.4.4 MB-OFDM Proposal
The MB-OFDM proposal uses OFDM along with time-frequency codes to provide data rates of
55 to 480 Mbps over three frequency bands of 3.168 to 4.752 GHz. Data bits are first
scrambled and then encoded using a convolutional encoder, next they are interleaved in a block
interleaver and mapped into modulated symbols, using QPSK modulation [4]. Modulated
symbols are then mapped to 100 OFDM sub-carriers, along with 12 pilot and 10 guard tones,
using a 128 point inverse fast Fourier transform (IFFT). Pilot tones are used for channel
estimation and carrier-phase tracking at the receiver. Time-frequency codes are used to
interleave OFDM symbols over three frequency bands, each 528 MHz wide. This is done to
enable the system to utilize more than one band for the given OFDM waveform and to enable
simultaneous operation of multiple users over the three frequency bands by assigning different
time frequency codes different users.
The popularity of the multiband OFDM specifications is due to several advantages it provides
over other approaches. For example, spectral flexibility, ability to be built low-cost CMOS
semiconductor processes, narrow-band interference management capability, and the
controllability of the out-of-band emissions.

3. UWB Channel Models
The performance of a communications system is limited by the channel that it operates in.
Since last decade, measurements and modeling of UWB channels have attracted a lot of
research interest from both academia and industry.

3.1 Generic Channel Representation
A UWB channel has distinct features as compared with conventional narrowband channels,
e.g., the number of multipath components (MPC) that fall into each resolvable delay bin is
much smaller due to the fine delay resolution, and each MPC can be distorted by its frequencyselective interactions with the propagation environment. Accordingly, the impulse response of
a UWB channel is given by [5]
L

h( t ,τ ) = ∑ al ( t ) χl ( t ,τ ) ⊗ δ (τ − τ l )
l =1

(2)

where al(t) and τl are the amplitude and delay of the lth MPC, respectively, and χl(t, τ) denotes
the distortion on the lth MPC. This expression shows that adjacent delay bins are likely affected
by the same MPC, thus invalidating the wide-sense stationary uncorrelated scattering (WSSUS)
assumptions [6]. The resulting power-delay profile (PDP) may appear “dense” or “sparse”,
depending on the channel bandwidth and the environment. In a sparse channel, MPCs arrive at
time intervals that are larger than the delay resolution, and not each delay bin carries a
significant amount of energy. In a dense channel, the inter-arrival times of the MPCs are less

than the resolvable bin-width. Usually the larger the bandwidth, the more likely that the
channel is sparse, but an environment with lots of reflecting and diffracting objects can lead to
a dense channel even for an extremely large bandwidth [7]. UWB channels were also
characterized in the frequency domain by using low-order autoregressive models [8].
A lot of investigations have shown that UWB MPCs tend to arrive in clusters, which can be
mathematically reflected by the Saleh-Valenzuela (SV) model [9]. The number of clusters
depends both on the channel bandwidth and the environment [5]. Different models have been
proposed for the inter-arrival times of MPCs within a cluster, such as regularly spaced arrivals
for dense channels [7], Poisson distribution [5], or a mixture of two Poisson processes [10]. For
small-scale fading in UWB channels, unlike narrowband channels, where the central limit
theorem can be applied on the many MPCs that fall into each resolvable delay bin to give a
Rayleigh distribution, alternative distributions, such as Nakagami [11], Lognormal [12], POCA
(for NLOS) and NAZU (for LOS) [13], and Rice [14], have been suggested.
Time variations of a channel can be characterized by the Doppler power spectrum if the
channel impulse response h(t, τ) is a WSS process of t [15]. The WSS assumption is
approximately true in a UWB channel if only the transmitter and/or receiver move, but not if
the objects in the environment move, because moving objects can make the channel switch
between LOS and NLOS characteristics. For the latter case, a geometrical model (blocking off
rays from a certain angular range) for simulation [15] and real-time measurements in a specific
environment [16] have been reported.

3.2 UWB Channel Measurements
The main concept of UWB channel measurements is to probe the channel with a proper UWB
signal. The impulse response can be measured by exciting the channel with a short pulse and
recording the received signal with a sampling oscilloscope [17], but this technique is sensitive
to impulsive interference [5]. More robust measurements can be made by using a wideband
signal with low peak-to-average power ratio [18]. UWB channel measurements can also be
performed by using a vector network analyzer to scan the channel through small frequency
steps [19], but modeling of the impulse response is made difficult by the transformation back to
the delay domain.
Most measurement reports in the literature present results for the concatenation of the UWB
channel with the antenna used, because it is hard to deconvolute the antenna effects from the
channel effects. Haneda et al. [20] tried to separate the antenna effects from the UWB sounding
results by using the double directional concept [21], which involves direction-of-departure and
direction-of-arrival measurements at both ends of the link, but the number of samples was not
sufficient for stochastic modeling.

3.3 Standardized Channel Models
3.3.1 The 802.15.3a Model
The IEEE 802.15.3a channel model was developed for UWB high-data-rate WPANs, so only
indoor office and residential scenarios with ranges less than 10 m were considered. The model
follows the SV format based on measurements of [12] and [22], without considering the

frequency-dependent distortions. Both large-scale and small-scale fading are modeled by
lognormal distributions. Each cluster undergoes independent shadowing.
3.3.2 The 802.15.4a Model
The IEEE 802.15.4a channel model (3.1–10.6GHz) was developed for UWB systems with low
data rates and high-precision ranging capabilities. The model includes indoor residential,
indoor office, industrial, outdoor suburban, and farm environments [23]. The path gain is a
function of distance and frequency. The impulse response is given by a generalized SV model,
where the number of clusters is Poisson distributed, the cluster decay time constants are delaydependent, the small-scale fading is Nakagami distributed, and the path arrival rates follow a
mixed Poisson distribution (for indoor residential and office environments). For the industrial
environment, the impulse response is given by a tapped-delay-line model with regular tap
spacing. Figure 1 depicts an instantaneous PDP in an industrial NLOS environment, showing
that the first arriving MPC is strongly attenuated.

Figure 1. A channel impulse-response realization in the industrial NLOS environment [23].
This could be a problem in ranging applications, which need to determine the absolute delay of
the first arriving MPC. The IEEE 802.15.4a group also developed a channel model in the 100–
960MHz band for the indoor office scenario, based on the dense model with a single
exponentially decaying cluster [11].
A channel model for communications between sensors on the human body (a.k.a. body area
networks) was developed based on finite-difference time-domain simulations in the 2–6GHz
band [23]. Because propagation through the body is negligible in the gigahertz band [24], the

link distance is defined as the distance around the perimeter of the body. The impulse response
contains two clusters of MPCs due to the initial wave diffracting around the body and a
reflection off of the ground [23]. Measurements [25], [26] that include the surrounding
environment showed more clusters of MPCs reflecting off of objects in the room.
3.3.3 Limitations of the Current Models
The 802.15.4a models are more general than the 802.15.3a model, but there are still issues that
might limit their applicability. The number of measurements that form the basis of the models
in different environments is very small, with a single campaign of only 10 to 20 measurement
points in some cases [23]. No description is given for the channel temporal variations, due to
insufficient experimental results. Different frequency dependences of the channel and the
antennas in different directions are neglected. The model assumes that all MPCs experience the
same propagation distortion.

3.4 Impact on System Design
According to the UWB channel impulse response in (2), the matched-filter receiver needs to
match to the convolution of the transmitted waveform with the distortion functions χl(t, τ). This
is not practically feasible, especially if χl(t, τ) are different for different MPCs. Alternatively,
the receiver can use several Rake fingers spaced at the Nyquist sampling interval for each MPC
[27], but the resulting number of Rake fingers becomes very large. Several simplified Rake
structures have been proposed, e.g., selective Rake that combines the strongest MPCs and
partial Rake that combines the first-arriving MPCs [28], the performance of which depends on
whether the channel is dense or sparse. The impact of distorted received-waveforms on Rake
receiver performance was analyzed in [29]. For incoherent receivers and transmitted-reference
UWB systems [30], the SNR penalty increases significantly with the delay spread, especially
for sparse channels.
The regulations for UWB emission specify that the transmit power spectral density (PSD) must
be limited in every direction [31], implying that both non-isotropic antenna patterns and
beamforming at the transmitter would require a reduction of the total emitted power. The
situation is similar for MB-OFDM [32], where higher-frequency subbands undergo severer
attenuations, but increasing power for higher frequencies is not an option. A lot of research
remains to be done before we will possess complete knowledge of the UWB channel and its
impact on system design.

4. Interference and Coexistence
Despite its merits, UWB radio has been under debate regarding potential interference with
existing or future wireless systems using the same or neighbor bands at close range.

4.1 Impact of Interference
4.1.1 Interference Caused by UWB Transmissions

Studies of the coexistence between UWB and UMTS [33], [34] showed that the current FCC
UWB regulations could affect the UMTS downlink performance when multiple UWB devices
coexist in proximity with UMTS handsets. The aggregate interference posed by the UWB
devices is related to the environment, the spatial separation, and the UWB device activity factor
(AF) [35]. It was also shown that a large number of UWB devices or a UWB device with high
AF and high duty cycle (DC) can degrade the acquisition performance [36] and positioning
accuracy [37] of global positioning systems (GPS). On the other hand, optimistic conclusions
on the coexistence between UWB and FWA, UMTS, GPS and DCS were drawn in [38].
The 802.11a WLAN systems operate in the 5GHz bands [39]. When UWB devices are close to
the 802.11a receiver, severe performance degradation of the 802.11a system was observed [40].
If the UWB DC is high, the AF has a significant impact on the victim WLAN link; otherwise,
the UWB impact is insignificant regardless of the AF [41]. Fortunately, the practical AF of
UWB devices is relatively low (less than 5% [41]), because UWB terminals are in sleep mode
for a large percentage of time and do not emit constantly at the maximum allowed power level.
The target bands for 802.16d/e WiMax deployment are the 2.4GHz, 3.5GHz and 5.8GHz
bands. Operation of WiMax in the 3.5GHz band is susceptible to interference from UWB
devices in band-group one (3.168–4.752GHz) of the WiMedia specification [32], particularly
in Europe, Korea and Japan, as illustrated in Figure 2.

Figure 2. Overlapped frequency allocations of UWB and WiMax in various countries [54].
The results in [42] showed that UWB interference will not destructively affect the 3.5GHz
WiMax system performance, in terms of cell radius reduction and outage of active users.

4.1.2 Narrowband Interference against UWB
Due to the very low PSD, strong narrowband interference (NBI) becomes a crucial issue to
UWB systems. According to the current FCC regulations on UWB, it is almost certain that
UWB will be affected by 802.11a WLAN transmissions, which are up to 20dB higher in power
than UWB transmissions [43]. UWB system performance was also studied in the presence of
GSM900 multitone jamming [44] and pulsed jamming at the UMTS bands [33]. Different NBI
characteristics due to different NBI center frequencies and different UWB DC were reported in
[45]. A UWB system suffers most from NBI if the NBI band and the nominal center frequency
of the UWB signal overlap [46].

4.2 Interference Mitigation
The ability of the UWB receiver to reject NBI and the ability of the UWB transmitter to avoid
interfering with other radio systems both depend on the PSD of the UWB signal [46]. To
mitigate the interference from other radio systems to impulse radio, notch filtering of the UWB
signal at the 5.15–5.825GHz 802.11a band was proposed in [46], and a multicarrier template
waveform that is composed of several subbands excluding the NBI bands was developed in
[47]. For NBI mitigation in DS-UWB systems, schemes in conjunction with Rake receivers
were proposed in [48], and a method employing receive diversity with space-time adaptive
processing was proposed in [39]. Power control was proposed in [49] to reduce the mutual
interference between MB-OFDM and DS-UWB systems.
In order to protect the 3.5 GHz WiMax system, the regulation authorities in regions such as
Europe, Korea and Japan define the UWB emission limit approximately 35 to 40 dB lower than
the –41.3 dBm/MHz FCC limit over the 3.1–3.8GHz band if there is no mitigation technique
used [50], however, with such a low PSD, UWB devices may not be able to establish
communications with adequate data rates. Detection and avoidance (DAA) techniques are
required in both Japanese and European regulations for a PSD of –41.3 dBm/MHz at the 3.1–
4.2 GHz band [51], [52]. With DAA, a UWB device can reveal the presence of a victim
terminal by power measuring and regulate its transmission to reduce interference [53]. An onchip implementation of basic DAA functionality based on energy detection was developed in
[54]. The minimum keep-out distance between WiMax and UWB terminals and the DAA
sensing threshold were suggested based on interference measurements [55]. However, the DAA
functionality is obtained at the expense of reduced efficiency/capacity of UWB networks.
Ideally in a cooperative scenario, the UWB devices and the victim devices can exchange some
basic information, and the UWB devices can broadcast the victim status information to other
UWB devices in the area. Such cooperative DAA is able to provide better coexistence
performance and improved UWB network throughput [56]. Besides, low duty cycle at the 3.4–
4.8 GHz band was suggested by the European regulation [52].

5 Summary
In this chapter we studied the basic principles of UWB signals and systems in communication
engineering. This presentation started with a brief explanation of the impulse radio modulation

schemes and antenna design issues. Standardization activities of IEEE 802.15 on WPAN
systems with two main proposals of DS UWB and multiband OFDM UWB were explained.
Channel modeling for UWB communications systems based on measurement and analytical
investigation was also considered. Finally, interference caused by UWB transmitters on
existing communication systems and ways to mitigate this interference were briefly explained.
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Weak Signal LF Experimentation in Newfoundland
By Joe Craig, VO1NA

Introduction
The relatively low efficiency (less than 1 percent) of practical transmitting aerials coupled with high
levels of atmospheric and man-made noise makes amateur LF experimentation inherently weak signal
work. For the remaining technical aficionados of the amateur service, low frequency experimentation
has become a refreshing challenge. It is hoped this paper will help motivate others to pursue
experimentation in this portion of the radio spectrum.
The author’s interest in LF was first sparked in the early 1970’s when listening to the static and utility
stations below 500 kHz on his father’s National HRO-50 receiver. Interest in transmitting long waves
followed after reading about the US 160-190 kHz LF experimenters’ band in Robert Schrader’s
“Electronic Communication” text for the Amateur Radio course in which the author was a young
student in 1975-1976. Within a short time, an oscillator was constructed to produce a carrier on a
frequency of about 180 kHz. Unfortunately, the signals would not be radiated; an official with the
Department of Communications was not optimistic about authorising transmissions below the 1.8
MHz amateur allocation and so the LF transmitter project remained dormant for 16 years. The
interest in LF transmitting was further inspired by a chapter written by Belrose (1983).
In 1992, while employed at the Physics Department at Memorial University, the author learnt from
academics on the internet news groups that Canadian amateurs had recently been experimenting on
the 160-190 kHz band and by April 1992, authority to transmit in this portion of the spectrum was
received from Communications Canada. A transmitter was constructed, signals were received by
amateur stations about 10 km away and experimentation with reception and transmissions continued
for about a decade.
In the late 90’s amateurs in Europe began experimenting on the 4000m and 2200m bands and new
methods of weak signal reception were developed. In 2003, the author was authorised to transmit
between 135.7 and 137.8 kHz. The 1992 LF transmitter was tuned to this new band and additional
transmitters were constructed. Audible amateur LF signals were, for the first time, transmitted across
the Atlantic. The 137.777 kHz transmitter featured high frequency stability and ultimately operated
with 1.2 kW input power. Although it was decommissioned in June of 2007 when the authorisation
expired, experimental work resumed near 185 kHz and continues to this day.
Transmitter Design
The LF oscillator built in 1977 had a tank circuit comprising a 15 μH coil and a 0.05 MFD capacitor.
A 6C4 triode and junction transistors were used as the active components and sustained oscillations
were achieved once the bypass capacitors were properly scaled: the 0.001 μF bypass capacitor,
common in the amateur radio literature, was of little use on 1600 metres, whereas 0.2 μF proved
much more effective. LF signals were finally produced on about 180 kHz, measured with a frequency
counter and heard on the HRO receiver.

A new transmitter for 1600 metres was constructed in 1992 (Figure 1).

Figure 1 180 kHz Transmitter
This was a conventional but primitive design that started with a field effect transistor Hartley
oscillator. The frequency was set by a tank circuit comprising a tapped Miller 40-240 μH variable
inductor and a 10 nF polystyrene capacitor. This was followed by an FET buffer, BJT keying and PA
stages. The output was 3 watts with spurii down at least 30 dB as measured with a spectrum analyser.
A more modern design with 15 watts output from a highly efficient Class E stage was constructed for
2200 metres and was followed by a 125 watt version which operated on a supply of about 40 volts
(Figure 2 and Figure 3).

Figure 2 RF deck of the 137 kHz 125 watt transmitter

Figure 3 137 kHz transmitter schematic. From July 2005 QST, reprinted with permission. Copyright
ARRL.
This used a crystal oscillator in an oven of a modified Canadian Marconi XH100 receiver and digital
circuitry to divide the oscillator frequency to 135.830 or 137.777 kHz and to perform the keying of
the carrier as described by Craig and Melia (2005). Provisions were made to permit the frequency to
be shifted for FSK experiments as authorised by Industry Canada along with CW transmissions. The
remaining parameters of the special authorisation were an ERP of 1.0 watt and a bandwidth of 100
Hz over 135.7 to 137.8 kHz. A 1200 watt Decca transmitter (Figure 4) was obtained and deployed for
the final phases of the 2200m experiment.

Figure 4 The 1200 Watt Decca transmitter, from the United Kingdom
The Monopole Aerial
An insulated 25.3m triangular lattice tower with a 30 cm face originally used on the 30-160m
amateur bands as a monopole was deployed for 1600 metres and various experiments were
conducted. The ground system comprised a 1000 cm2 square brass plate buried below the water table

to provide a low resistance path in case of a lightning strike, and 16 radials, 20 metres in length.
Extending 4 of the radials by 20 metres and connecting the ground plate to the RF ground did not
significantly increase the ground current nor improve the signal strength.
Different methods of coupling the transmitter to the aerial were attempted. These included the
traditional tuning helix and matching transformer approach and the L network.
Some effort was made to determine the impedance of the antenna system and this was facilitated with
the generous assistance from officials of Navigation Canada at St. John’s Aeroport who provided
technical manuals for the aeronautical beacons. This was very useful in designing and constructing
the instrumentation, in particular an SWR bridge and an RF current meter.
Estimates of the theoretical impedance of the monopole were calculated using expressions provided
by Belrose (1983) as follows.
The surge impedance of a monopole of height h and cross sectional area a is:
Z0=60[ln(h/a)-1]

(1)

Various means of estimating the effective cross section area of towers of differing shapes have been
developed and as cited above however a reasonable guess would be to let a=0.2m so that h/a=125,
hence Z0 = 230 Ω. We note here for h/a>15, which is satisfied for a monopole of realistic geometry,
that 100 ohms may be taken as a lower limit the surge impedance.
The base reactance for a short monopole can be estimated as:
Xb=-Z0 cotθ

(2)

Since λ = 1600, l/λ = 25/1600 = 0.016 = 0.098 radians, hence Xb = -2.3 kΩ.
The value of the ground resistance was largely a matter of speculation. From the turns ratio of the
matching transformer and tuning values for the monopole at 180 kHz, estimates of 200 Ω and 1.8 mH
were obtained, corresponding to an impedance of 200-j2000 Ω. We note the reactive component is in
fair agreement with Eqn.(2).
The radiation resistance can be estimated by an expression in the aforementioned reference as:
Rr = 10G2 = 0.09 Ω

(3)

where G is the electrical height of the aerial in radians.
Using this and the value of the ground resistance, the efficiency, neglecting losses in the tuning
network, ohmic and other losses was
η = Rr /( Rg + Rt + ...) = 0.09/200 = 0.05% (4)

Hence, a 1 watt input would yield an ERP of 0.5 mW.
Impedance matching with an L network was attempted. The design equations for the shunt and series
elements are found by simultaneously solving the real and imaginary equations for the impedance of
the network and load as:
Xs = ±(R0X2/R + R0R– R02)1/2

(5)

Xp = (RXs– R0X)/(R0-R)

(6)

for an L network with the shunt element across the load. Eqns. (5) and (6) requires that
X2 > R0/R - 1

(7)

Where R+jX is the load impedance and R0 is the line characteristic impedance.
The inequality (7) is valid for the monople under consideration, whose impedance is dominated by a
high capacitive reactance. The elementary design equations assume lossless elements. For R
+jX=200-j2000 ohms they yield 860pf and 577 uH respectively for the series and shunt elements.
The series element is placed between the junction of the shunt element with the base of the monopole
and the centre conductor of coaxial feed line. An impedance match was achieved for the actual
monopole, as indicated on an SWR meter, with elements of 1000 pF and 500 uH. These are in
reasonable agreement with those calculated from the design equations and the impedance as
estimated from the tuning and matching values.
More generally, using expression (2) for Xb and 10G2 for R in eqn. (7) for which we assume no
losses, we have
[-Z0 cot(G)]2 > R0/10G2

(8)

For small θ, tan(θ)≈θ so cot(θ)≈1/θ and we may write, noting X2 >>1 and
R0/R >> 1,
Z02 > R0

(9)

As noted above, the minimum surge impedance for a monopole is 100 and for a typical transmitter
and transmission line characteristic impedance of 50 ohms, this condition is always satisfied. Hence,
the L network described above can be used to match any short monopole, no matter how small,
provided the ground and network and other losses are sufficiently small. Additionally, these results
show the antenna and tuning systems to be operating properly and demonstrate quantitatively the
assertion of the L network utility as made by Craig (2005) and confirmed by Belrose (pers. com.
2005) to be valid.
This somewhat detailed analysis followed observations of unexpectedly weak signal strengths outside
the near zone of the aerial. Although the 180 kHz signals were received by amateurs about 10 km
away in May of 1992, it was determined much later as outlined by Craig (2005a), that the problem

was with noise levels of the portable monitoring receiver used by the author and not the transmitter,
tuning networks nor the aerial.
The Wire Aerial
In the early spring of 2003 preliminary transmitting experiments commenced on 135.83 kHz using an
aerial comprising two wires run from the station to the top of the 25 metre tower, spanning about 150
meters. This arrangement was for convenience to preclude accessing the tower base in the deep snow.
The wires were insulated from the tower with large 30cm Steatite insulators. The variometer and to a
lesser extent the matching transformer required frequent adjustment to peak the aerial current and to
keep the SWR low with changing environmental conditions. Other arrangements, such as a single
wire at a reduced height of 10 metres were made necessary by violent wind and ice storms which
frequently felled the wires and eventually the 25 metre tower. This provided opportunities to
investigate the performance of other antenna configurations. Field strength measurements at 3.5 km
and signal reports from stations in England and Europe appeared to support Eqn. (3) when the height
was taken as the maximum height of the far end of the antenna. For instance, if we assume that the
efficiency of the antenna varies with its radiation resistance, all other factors being equal, then Eqn.
(3) yields a ratio of efficiencies of 6.25 for antenna heights 25 and 10 metres. The corresponding
differences in relative field strength were about 10 dB and the reports from Europe showed that
roughly equal signal strengths were had when using 100 watts with a 25 metre high antenna and 1000
watts with the antenna at 10 metres high, again a factor of 10 dB. The Decca amplifier (go back to
Figure 4) yielded just over 5 amperes (Figure 6) of aerial current to the 100 metre wire at 10 metres
height.

Figure 6 Aerial ammeter: just over 5 amperes to a 100 metre wire
Digital Signal Processing
Recent advances in digital signal processing have enhanced the extraction of weak signals from high
noise levels. This is achieved by increasing the signal to noise ratio at the expense of effective
bandwidth and the signalling rate. An effective and practical method of doing this is to implement
fast Fourier transforms whereby a signal in the time domain is transformed into the frequency
domain. The resolution of the frequency domain depends on the how long the signal is sampled
before it is transformed, hence there is an inverse relation between signalling rate and realisable
bandwidth. The upper limit of the frequency domain is limited by the rate at which the received
analogue signal is sampled, being one half this rate.
The deconvolution of a signal to its sine wave constituents requires not only their frequency, but also
their phase and amplitude. The latter is limited by the dynamic range of the analogue to digital
conversion. Very practical implementations of this spectral deconvolution have been developed for

amateur radio use such as Spectrum Lab(DL4YHF)and Argo(I2PHD and IK2CZL). Both are straight
forward to use and tailored for amateur LF communications and experimentation. Spectrum Lab uses
the PC soundcard to analyse spectra of audio input signals and digitised audio, its time series, and to
perform filtering and decoding of other experimental communications modes. ARGO has been used
in several notable long distance transmissions and receptions over the past decade. ARGO uses
various sampling times and associated bandwidths. For instance with QRSS10 for Morse code dots
which are 10 seconds long, the update time on the computer screen is about 1 second and 25 Hz of
spectrum can be displayed. The FFT uses 65536 samples at a rate of 5512 Hz, yielding a windowed
bandwidth of about 0.1 Hz. De Bene uses a large overlap by reusing previous samples with new data
so that the time resolution is of the order of 10 seconds. The overlap allows for flexibility in the
refresh rate. A longer update time is used for slower speeds; for instance it is 12 seconds Morse code
with 120 second dots. Only about 1.7 Hz of spectrum can be displayed at this speed but the signal to
noise ratio is about 20 dB better than that possible with conventional aural Morse code reception at
20 words per minute.
By plotting the frequency against time as pixels on a computer screen, a carrier of sufficient stability
and intensity can be distinguished from the background noise as a horizontal line. If the carrier is
interrupted or frequency shifted in a periodic fashion as by Morse code, a practical reception system
can be realised as dots and dashes across the computer screen or series of segments with the dots on
one frequency and dashes on another (Figure 7).

Figure 7 Dual Frequency CW transmission (DE VO1NA) received by H. Wolff in Germany
The signal to noise ratio is limited by the integration time and the carrier frequency stability. The
trade off is the rate of intelligence transmission, in accordance with Shannon’s law. For example,
using the 12 second integration time of QRSS120 would require almost 2 hours to receive “VO1NA”.
De Bene has enhanced the visibility of the signals by mapping the intensity of the pixels by the signal
to noise ratio, rather than the absolute value of the signal. The FFT algorithm is based on assembly
routine hand optimised library functions from the Intel Signal Processing library.
The “Z” axis of the ARGO, the pixel intensity, has a large dynamic range and numerical values are
available. These are relative and depend on the time series of the amplitude of the corresponding
frequency, but also on the computer sound card and its settings. Practically, a range of 60 dB or more
can be achieved before nonlinearities associated with compression in the computer sound card can
start to affect the accuracy. This can be overcome by using attenuators before the input to the sound
card.
There are many other modes of communication employed and being developed by amateur LF
experimenters. They use advanced error correction techniques, modulation methods and
implementations of the internet for disseminating and archiving received signal and signal to noise
levels at remote sites. This makes it possible to monitor transmitter performance at distant stations in
near real time.

The future of receiver technology is also undergoing a revolution with software defined radio
technology and several instances of spectacular receiver performance have been cited in the current
literature.
Transmission
High stability of the carrier was necessary for weak signal work so that even carefully designed LC
tank circuits were not suitable. Instead the carrier was generated from a 13.7777 MHz crystal in a
thermostated oven. This was digitally divided by 100 to 137.777 kHz and then fed to the class E
transmitter or Decca amplifier. Digital signal processing also played a role in the generation of
carriers with the use of frequency synthesisers. By using a stable reference oscillator, which may be
disciplined by a reference from the Global Positioning System (GPS) to within 1 part in 1011, any
arbitrary frequency may be generated below about one third of the reference oscillator with a
resolution of about 1 part in four billion. These devices are in the form of very tiny integrated circuits
and are normally controlled by a microprocessor chip. A more versatile approach is to use a computer
hardware port, (MRCN 2007). In this case, the desired frequency is converted into a ratio of the
reference oscillator frequency. This ratio is then coded as a binary word of typically 32 bits and fed
into the DDS chip via the hardware port. Other bits may be assigned to adjust the phase of the DDS
output so that with two DDS circuits and single reference oscillator, accurate quadrature signal
sources may be realised. The DDS chip then uses the reference oscillator signal as a clock and, using
a lookup table, digitally constructs a sine wave at the specified frequency. There are high frequency
components in the output which must be removed by external filtering. The filtered output is then
followed by amplification stages to bring the signal to the required level.
Direct digital synthesis is in wide spread use in communication systems and has been used
experimentally by amateurs for a number of years. In addition to carrier generation, DDS systems
have been used in reception applications, for example as an HFO in an experimental LF receiver,
(Craig, 2007). This uses a simple program to generate the appropriate binary word corresponding to
the desired frequency and to set the data lines of the RS232 port to load this data into the registers of
the DDS. For frequencies substantially smaller than the clock frequency, the quality of the sine wave
is excellent.
Reception Measurements
The utility of the computer FFT DSP was highlighted by two experiments. These were the
measurement of relative signal intensity with distance from transmitter and its variation with aerial
height at a fixed distance.
In the spring of 2004, the transmitter that was used in the transatlantic experiments was deployed to
determine the variation of signal strength with distance from a receiver on a ship. The receive aerial
comprised 14 turns on a 60 cm square frame which was resonated with a variable capacitor. There
were two pickup loops in parallel with resonant loop connected to coaxial cable to the receiver. The
loop antenna was oriented so that its plane was parallel with a radial to the transmitter with 125 watts
output to a 100m wire.

Signal strengths were measured as AC voltages in a 0.1 Hz bandwidth after an FFT on the receiver
audio. Aural tests were conducted with the aid of a 500 Hz filter but were limited by the electrical
noise from the ship and by atmospheric noise at night. The signal levels were measured with an
estimated uncertainty of 1.5 dB. Measured noise was at least 30 dB below the signal. Distances were
determined by GPS and were accurate to within 1 km. Aural detection was possible at distances of up
to 450 km and intelligible signals were heard at 400km. They became consistently readable at 300
km. The measured signal levels were plotted against distance, Fig. 5.
We expect the LF ground wave signal strength to follow the inverse distance relation (Belrose et al.,
1959)
E = mE0/r

(10)

where m is the attenuation coefficient and E0 is the field at unit distance r. Taking the logarithm of
both sides, we can rewrite this as
Y=A-logBr

(11)

where y is the relative field strength in dB. Treating A and B as arbitrary constants, this equation was
fitted to the observed data (Figure 8) solid line, using the constant values of 75 and 12 respectively.

Figure 8 Plot of signal strength vs. distance. The solid line is a plot of observed levels. The broken
line is from Eqn. 10.
The crosses indicate the measured values. If we neglect the apparent discrepancy at the smaller
distances where the received signal is more sensitive to the orientation of the aerial, the fit is quite
good. Further experimentation may be directed to improving the accuracy of the measurements,
calibration and estimation of the constants A and B from the measured field strength of the
transmitting station and published values for the attenuation coefficient.
These measurements did not show any evidence of diurnal variation and we conclude that
propagation over salt water is predominantly by ground wave at distances up to 500 km.
Measurements have shown the propagation over land is substantially lower and subject to seasonal
variability.
To determine the performance of the transmitter antenna, a remote site along a road about 3.5 km
from the station was selected. There were no overhead wires near this location and repeatable
measurements were routinely achieved. A small ferrite rod about 8 cm long was wound with wire and
resonated at 138 kHz. This was affixed outside a car parked at a marked location. The rod was rotated
for maximum signal strength. The line output of a receiver, which is independent of the volume
setting, was connected to the sound card input of a portable computer which was running ARGO. The
receiver AGG was disabled and other settings were maintained.
Additional measurements were made to ensure that the signals were not being reradiated by the
power lines and that the lines were not being used as a ground connection for the antenna system.
This was facilitated by measuring the signal strength perpendicular and parallel to power lines at 7km
from the station at points where the lines were perpendicular and parallel to a radial to the station.
Amateur Communication Experiments
Although local reception up to 10 km had been achieved on 180 kHz, it was not until the start of
experimentation on 135.84 kHz that long distance transmission was seriously attempted. In early
2003, transatlantic amateur signals were detected for the first time in Newfoundland when an amateur
station in Portugal (CT1DRP) was copied with the aid of FFT processing of the audio from the
receiver. Amazingly, these signals could be copied using an indoor 30 cm resonant loop antenna.
Shortly after authorisation was received to transmit on 2200m, signals from a 15 watt transmitter on
135.83 kHz were received in Boston, 1000 miles away by W1TAG. Transatlantic experiments
commenced on 137.777 kHz with a power of 125 watts and succeeded with a reception of a full call
sign by G3NYK and a 2-way contact M0BMU. Several other transatlantic experiments followed,
resulting in additional contacts (Craig et al. 2004). Audible LF signals were transmitted across the
Atlantic for the first time in late April of 2004 when 5 WPM CW was heard by H. Wolff in Germany.
The signals were also heard in Ireland and France. The best distance for FFT copy was 6600 km by
RN6BN.
In August of 2004, a conventional CW radio contact was established between VO1NA and VO1HP
who was operating VO1MRC using the 1992 transmitter with his 160 metre inverted L about 10 km

away. This was the first amateur LF contact in Canada to be completed without computer assistance.
Earlier, amateurs VA3LK and VE3OT in Ontario had succeeded earlier in achieving a contact using
computer aided FFT reception. Attempts to link the antipodes were not successful from this station
even with the 1200 watt Decca amp. Signal reports in near real time were made possible by a wireless
internet connection to a remote receiver connected to an FFT processor whose output was broadcast
in the internet. The signals could be monitored using a portable computer which was set up in the
transmitter shed (Figure 5).

Figure 5 Interior of the tuning hut, aerial tuning apparatus
It was receiving the wireless internet on about 2.4 GHz to monitor transmissions from the shed on
2200m. The high power 137.777 kHz station was decommissioned in June of 2007 and experiments
resumed on 189 kHz with 10 watts output with many aural reception reports at sea including one east
the Flemish Cap at 650 km over an all-water path and one in St Pierre over a mixed land-sea path.
The latter reception required excitation of the receiving loop using about 30 metres of wire stretched
out on the ground on a hill away from the interference in the town. No signals were heard in Gander,
or Salvage but they were copied on Blue Hill in Terra-Nova National Park in 2008. Although Salvage
was somewhat closer and the path was over a greater portion of water, Blue Hill was about 200
metres higher suggesting an increase in signal strength with height.
The first reception of transatlantic low power signals on 160-190 kHz band took place in 2005 (Craig
et al, 2005) and reports have been received from France, Holland, America and Portugal.

Experiments continue today and focus on promoting LF experimentation and attempting amateur
ground wave receptions up to 1000 km (Figure 9).

Figure 9 Receptions of the 10 watt 187 kHz beacon. Red symbols indicate readable signals, black
symbols indicate no signals heard. Note how a reception path over the ocean extends farther than
those over the land.
Plans for the future include experimentation with GPS disciplined oscillators, experimental
transmission modes and attempting additional 2 way contacts using traditional. It is anticipated that
these activities will be augmented when the 2200m band is made available to Canadian amateurs in
the future.
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924 Mears Ct
Stanford CA 94305-1029
Tony O. Crady
141 Fulmer St, PO Box 2440
Leesville SC 29070-0440
Kay C. Craigie Ph.D.
570 Brush Mountain Rd
Blacksburg VA 24060-8528

Alan S. Douglas
PO Box 225
Pocasset MA 02559-0225

Harry J. Ekelund
1851 Pinedale St
Medford OR 97504-2103

Edward L. Falls
420 Elbrook Rd Apt 222
Fallbrook CA 92028-2721

Ronald L. Dowd
18310 W 287th St
Paola KS 66071-9452

William E. Elder
3322 Albion Ct
Fairfax VA 22031-3001

Robert B. Famiglio Esq.
PO Box 9
Media PA 19063-0009

Bro. Patrick Dowd F.S.C.
Manhattan College
CBC 4415 Post Rd
Bronx NY 10471-3408

Marc F. Ellis
1914 Colfax St.
Evanston IL 60201-2530

Benton S. Farester
2408 Dove Creek Dr
Little Elm TX 75068-6642

Robert I. Elms P.E.
72 Smithtown Rd
Budd Lake NJ 07828-1912

Sal P. Farina
9904 Redwing Dr
Perry Hall MD 21128-9391

Andrew W. Ely
PO Box 6120
East Brunswick NJ 08816-6120

J. Carroll Faulkner
PO Box 1528
Austin TX 78767-1528

William E. Endres
72 N Mitchell Ave
Livingston NJ 07039-2144

Theodore R. Faust
2515 Kings Ct
Cumming GA 30040-2832

Charles F. English
926 Tanglewood Dr
Cary NC 27511-4642

Anthony R. Fedor
16 Gerardo Dr
Monroe CT 06468-2425

Robert C. Epper
9288 Cactus Bluff Way
Littleton CO 80129-6457

David J. Feeney II
746 W Huntington Dr Unit A
Arcadia CA 91007-1324

Jacqueline H. Ericksen Ph.D.
11705 San Francisco NE
Albuquerque NM 87122-2383

Larry F. Feige
1843 Hi Point St
Los Angeles CA 90035-4621

Dennis H. Eschliman
2246 Lamplight Ct
Grand Junction CO 81507-1220

Nicholas R. Felice
8 Crescent Hollow Ct
Ramsey NJ 07446-2643

Robert A. Evans
1423 Payton Ave
Des Moines IA 50315-4956

Arthur H. Feller
4626A 36th St S
Arlington VA 22206-1712

Robert Lee Everett Ph.D.
705 Pinon Dr
Santa Fe NM 87501-1337

David J. Fenton Jr.
21 Isaac Sprague Dr
Hingham MA 02043-2670

John A. Facella P.E., C. Eng.
61 Stone Ridge Rd
Westford MA 01886-6308

Robert E. Fenton Ph.D.
2177 Oakmount Rd
Columbus OH 43221-1229

J. Christopher Fagas
57 Kennedy Rd
Foster RI 02825-1615

Mary M. Feryan
1147 W Orchard Ct
Visalia CA 93277-7489

Joseph J. Fairclough
PO Box 1052
New York NY 10002-0902

James Michael Feryan
1147 W Orchard Ct
Visalia CA 93277-7489

Robert Dressler
2611 Bayshore Blvd Apt 1807
Tampa FL 33629-7371
Daniel C. Dufficy
PO Box 277
San Rafael CA 94915-0277
Timothy J. Duffy
501 Country Club Dr
Edmond OK 73025-2738
Paul Allen Dugan
303 Valley Hunt Dr
Phoenixville PA 19460-1559
Dana A. Dulabone
13194 US Highway 301 S #314
Riverview FL 33578-7410
David O. Dunford
8895 Cedar Creek Rd
De Soto KS 66018-9155
Verle G. Duvall
9006 Grand Lake Estates Dr
Montgomery TX 77316-5413
James A. Dwyer Esq.
15781 Grey Friars Ct
Fort Myers FL 33912-3931
Wayne E. Eberhard
4217 Pittsford Rd
Raleigh NC 27604-3563
John R. Ehret
1451 Descanso Dr
La Canada CA 91011-3138
David W. Eierman
205 2nd Ave SE
Glen Burnie MD 21061-3629
Paul A. Einreinhofer
50 Wintergreen Ave E
Edison NJ 08820-4111

Michael L. Fetto
188 Vincent St
Chagrin Falls OH 44022-2951

Robert T. Forrest P.E.
1556 English Tavern Rd
Lynchburg VA 24501-7105

Lawrence J. Gabriel
872 NE 35th St
Boca Raton FL 33431-6136

Mark A. Feurer
113 38th Court
Vero Beach FL 32968-2452

Henry L. Fowler Jr.
37 MacSpar Dr
Randolph NJ 07869-1366

John A. Gabriel
4308 NE 22nd Ave
Fort Lauderdale FL 33308-5630

David "Paul" Finch
1417 Jackson Trl
Azle TX 76020-2211

Don L. Fox
2332 Meath Dr
Tallahassee FL 32309-3123

Joseph W. Gagne
1633 NE 28th St
Wilton Manors FL 33334-4358

Louis T. Fiore
64 Fox Hollow Rd
Sparta NJ 07871-1118

Russell H. Fox
701 Pennsylvania Ave NW Ste 900
Washington DC 20004-2608

Jeffrey N Galin
1807 Berlin Turnpike, 2nd Fl
Wethersfield CT 06109-1323

Chris Fischer
PO Box 98993
Des Moines WA 98198-0993

William P. Fredrickson
14051 Mastin St.
Overland Park KS 66221-2161

Joseph W. Gallelli
477 Seminole Woods Blvd
Geneva FL 32732-9318

Larry G Fischer
38069 120th St
Waseca MN 56093-4105

Mel Freedman
2612 Portsmouth Ln
Modesto CA 95355-3915

Rafael A. Garcia
2601 Columbus Blvd
Coral Gables FL 33134-5514

Reed E. Fisher
2514 E Maddox Rd
Buford GA 30519-4326

Royden R. Freeland
PO Box 1768
Oklahoma City OK 73101-1768

John L. Garmendi
PO Box 416
Old Bridge NJ 08857-0416

William J. Fisher W4WJF
3000 Centennial Woods Dr Apt104
Raleigh NC 27603-6101

Daniel S. Freeman
PO Box 747
El Granada CA 94018-0747

Harry S. Gartsman
9921 Sunset Blvd
Beverly Hills CA 90210-3009

Michael T.N. Fitch
613 S Irena Ave
Redondo Beach CA 90277-4356

W. Harrell Freeman
PO Box 8813
Metairie LA 70011-8813

Michael E. Gassner
20 Isham Rd
West Hartford CT 06107-2204

Jonathan E. Fleischer
620 Ivywood Dr
Oxnard CA 93030-3534

Frederick S. Freer III
6736 Eastgate Dr
Mayfield OH 44143-2302

Bill Gates
4220 SW Mallard Creek Trl
Palm City FL 34990-2517

Robert A. Fleming
PO Box 1309
Westhampton Beach NY 119787309

Randall J. Friedberg
2083 Cameo Dr
Lewisville TX 75067-7432

John A. Gay Jr.
6600 Stoneham Dr
Amarillo TX 79109-6414

Ronald E. Frisbie
312 S 10th St
Akron PA 17501-1538

Robert S. Gaye
25 Hampton Pkwy
Buffalo NY 14217-1217

Patricia L. Fritz
12887 Olympus Way
Strongsville OH 44149-3239

Ronald J. Gecsi
2060 E Harbor Rd
Port Clinton OH 43452-1534

Francis G. Fuson
3475 E Rochelle Ave
Las Vegas NV 89121-5005

Leslie A. Geddes Ph.D., D.Sc.
2741 N Salisbury St
West Lafayette IN 47906-1431

Edward M. Gable
187 Lighthouse Rd
Hilton NY 14468-8927

David L. George
4953 Corsica Dr
Cypress CA 90630-3523

Paul A. Flickinger
5391 Back Orrville Rd
Wooster OH 44691-9588
Wayne Follweiler
143 N Meridian Rd
Youngstown OH 44509-2037
Edmund V. Folta
1549 71st Ter
Downers Grove IL 60516-3135
Linda D. Ford
310 S Holland Point Dr
Stella NC 28582-9606

Craig J. Georgeson
8114 Meredeth St
Lincoln NE 68506-5941

Gary David Gray P.E.
PO Box 25453
Anaheim CA 92825-5453

Mal Gurian
5245 88th St E
Bradenton FL 34211-3715

John C. Gfeller
148 Mailands Rd
Fairfield CT 06824-3965

Sol Jeffrey Grazi
463 Locust St
Denver CO 80220-5966

Robert M. Gurss
8609 Long Acre Ct
Bethesda MD 20817-3216

Paul Z Gilbert
1209 Doris Ln
Cedar Park TX 78613-7067

Alfred H. Grebe III
212 Devonshire Ct
Pleasant Hill CA 94523-2079

Manny G. Gutsche
8361 Summerdale Rd # A
San Diego CA 92126-5402

Norman H. Ginsberg
10226 NW 52nd Ln
Doral FL 33178-6608

Alfred H. Grebe Jr.
1001 Westham Pkwy
Richmond VA 23229-6737

Robert J. Hajek
PO Box 50787
Albuquerque NM 87181-0787

John D. Goeken
24835 W Renwick Rd
Plainfield IL 60544-3179

Kerry Thomas Green Sr.
540 Thorngate Rd
Granite City IL 62040-7148

Jeffrey M. Hall
2520 Marsh Ln
Carrollton TX 75006-2282

Benjamin Golant
14380 Watersedge Trl NE
Prior Lake MN 55372-1476

Millard R. Gregg
7117 Natchez Ct
North Port FL 34287-1839

Ralph A. Haller
130 Country Club Ln
Gettysburg PA 17325-8484

Stanley R. Goldman
16 Sierra Ter
Wayne NJ 07470-6543

Mark L. Griffin
2000 W Flint St
Chandler AZ 85224-4205

C. L. Hallmark Jr.N.C.E.
182 Cook Ct
Willow Park TX 76087-9195

Scott J. Goldman
3541 Cordova Dr
Calabasas CA 91302-3061

Max E. Grigg
2729 E Acoma Dr
Phoenix AZ 85032-4930

Carl J. Hamann Jr.
578 Kale St
Satellite Beach FL 32937-3338

Arthur Goldsmith Ph.D
4303 Wynnwood Dr
Annandale VA 22003-3430

Morris J. Groce III
601 Westtown Rd # 2747
West Chester PA 19382-4958

Frederick G. Hamer
4221 Trail Ridge Ln
Minnetonka MN 55345-2554

Donald W. Goodwin
7575 Pelican Bay Blvd Apt 506
Naples FL 34108-5534

Marvin S. Grossman
5731 Som Center Rd Apt 4
Solon OH 44139-2056

Marie E. Hand
1020 Leonardo Circle
Port St. Lucie FL 34986-

Edward J. Gordon
610 Main St N Apt 303
Stillwater MN 55082-4294

Rhett A. Grotzinger
PO Box 275
Arden NC 28704-0275

Dana B Hanford Jr.
7641 NE North St
Bainbridge Is. WA 98110-1057

Robert L. Gottschalk P.E.
428 Collinsford Rd
Tallahassee FL 32301-3371

Mike C. Gruss
18 Tracy Ln
Fremont OH 43420-4862

Joseph L. Hanna
6805 Clear Springs Cir
Garland TX 75044-2825

James J.R. Goudy
702 S 32nd St
Fairfield IA 52556-4704

Robert C. Gunther
1208 N Casey Key Rd
Osprey FL 34229-9783

Ronnie A. Haraseth
740 Duck Pond Way
Stevensville MT 59870-7127

George A. Gould P.E.
5315 Curlybark Pl
Brentwood TN 37027-5183

Leroy Gunzelman III
98 N Gaston Ave
Somerville NJ 08876-2426

James R. Hargenrader
207 Caveson Dr
Summerville SC 29483-4908

Darwin L. Gray
2303 S Cunningham Rd
Salina KS 67401-9042

Harold Guretzky
9515 108 St
South Richmond Hill NY 114191035

James R. Hargrave
7209 59th St
Lubbock TX 79407-8209

Mark J. Hari
11 Cedar Ter
Randolph NJ 07869-4802

Michael Hayes
12234 Natchez Park Ln
Humble TX 77346-8237

David L. Hill
39 Rolling Rd
Rehoboth Beach DE 19971-1677

Joel P. Hariton
12 Willowdale Rd
Topsfield MA 01983-1214

James Haynes
PO Box 3825
Walnut Creek CA 94598-0825

Alexander P. Hinerfeld
2820 Stoneglen Close
Roswell GA 30076-4001

Richard B. Harris
22706 38th Ave W
Mountlake Terrace WA 98043-4504

Charles R. Hayworth
1320 50th Ave NE
St Petersburg FL 33703-3206

Joseph B Hinerfeld
1723 Wilder Ct
Atlanta GA 30338-3521

James W. Harris
11795 Crow Hill Dr
Parker CO 80134-7121

James J. Healy
2460 Westlake Ave N Unit J
Seattle WA 98109-2281

Kenneth A. Hoagland
PO Box 101
Preston Park PA 18455-0101

Arlene J. Harris
2704 Ocean Front
Del Mar CA 92014-2031

Dennis C. Hegg
3554 Kelsey Knls
Santa Rosa CA 95403-0126

Glenn J. Hochwalt Jr.
8720 Flick Rd
Tipp City OH 45371-8768

Jack R. Harris Ph.D.
550 Russell Ave
Gaithersburg MD 20877-2867

George Heinrichs
4964 Caribou Springs Trl
Longmont CO 80503-7340

George W. Hoeltje
15 Illinois Ave
Schaumburg IL 60193-1632

John "Jack" P. Hart Jr.
PO Box 901810
Kansas City MO 64190-1810

David H. Held
3833 New Salem Ave
Okemos MI 48864-3617

Jack G. Hofeld
5681 W Johnny Mullins Dr
Prescott AZ 86305-9615

James W. Hart, P.E.
6882 S Prince Cir
Littleton CO 80120-3538

Albert D. Helfrick Ph.D., P.E.
2925 Betty Dr
DeLand FL 32720-1945

Jack Hoffman
24690 Bernard Dr, PO Box 2530
Crestline CA 92325-2530

Robert E. Hartmann
7 Orchard View Ln
Mountain Top PA 18707-2053

James R. Hendershot
3810 Almar Rd
Grants Pass OR 97527-4550

Reggie L. Holland
5302 Wagon Wheel Ave
Abilene TX 79606-5396

Robert Harvey
910 Ridge Lake Dr
Melbourne FL 32940-1772

Russell S. "Scott" Henderson
5820 NW 104th St
Kansas City MO 64154-1869

Carroll L. Hollingsworth
3108 American Dr
Lago Vista TX 78645-6705

Robert "Scott" Harvey
7411 Snow Hill Dr
Spotsylvania VA 22551-2746

J. William Hendrix
520 W 5th St , PO Box 497
Cameron MO 64429-1522

Karen H. Hollingsworth
3108 American Dr
Lago Vista TX 78645-6705

Dale N. Hatfield
8908 Sage Valley Rd
Longmont CO 80503-8885

Mark J. Henke
5900 Parretta Dr
Kansas City MO 64120-2134

Scott D Hollingsworth
2306 American Dr
Lago Vista TX 78645-6705

David L. Hattey
36318 Clear Lake Dr
Waseca MN 56093-4613

Edward A. Henson
602 W Shore Blvd
Sheffield Lake OH 44054-1347

Anna L. Holmes
607 Claydelle Ave
El Cajon CA 92020-6004

Osmo Hautanen
1304 Chatsworth Ct E
Colleyville TX 76034-4273

John T. Higgins
189 Main St
Attica NY 14011-1237

Timothy L. Holt
Bird Electric
30303 Aurora Rd
Solon OH 44139-2794

Robert L. Hawkins
5 Woodbine Rd
Rolling Meadows IL 60008-2356

Howard F Hill
1901 Rocking Horse Dr
Simi Valley CA 93065-5915

Herbert Hoover III
1520 Circle Dr
San Marino CA 91108-1005

Fred Hopengarten, Esq.
6 Willarch Rd
Lincoln MA 01773-5105

Bobby J. Hudson
44035 Royal Troon Dr
Indio CA 92201-2799

Donald G. Jackson
6085 Preston Ln
New Berlin WI 53151-8786

Mark A. Hoppe
PO Box 16318
Saint Paul MN 55116-0318

Joseph A. Huie
1910 S 30th St
Quincy IL 62301-6364

Victor L. Jackson
2377 Seminole Dr
Okemos MI 48864-1024

James T. Hopper
3200 Stanford Ave
Dallas TX 75225-7614

Mark D. Humphrey
4 Carriage Ln
Chester Springs PA 19425-3709

Barnett C. Jackson Jr., P.E.
4783 Tapestry Dr
Fairfax VA 22032-1920

Neil J. Horden
1110 Erica Dr
Wauconda IL 60084-1492

James V. Hundley
PO Box 435
Drexel MO 64742-0435

Michael W. Jacobs
396 Forest Beach Rd
Annapolis MD 21409-5910

Laurent N. Horne
900 Sheaffer Rd
Lancaster PA 17602-1320

William O. Hunt
17604 Woods Edge Dr
Dallas TX 75287-7546

George Jacobs P.E.
3210 N Leisure World Blvd Apt
1001
Silver Spring MD 20906-7605

Christopher K. Horne, P.E.
3401 Hillside Dr
High Point NC 27265-1359

Michael W. Hunter
PO Box 240
Neshanic Station NJ 08853-0240

Gilbert R. Houck
325 Market St
New Cumberland PA 17070-2151

Rodney H. Hutt
7312 Sherman St
Lincoln NE 68506-4600

James A. Hougo
920 E State Pkwy
Schaumburg IL 60173-4527

J. Jeffrey Hutter
12212 Bedford Rd NE
Cumberland MD 21502-6811

James A. Hougo
1118 W Wolfram St
Chicago IL 60657-4330

Maria L. Inglut
1319 Milestrip Rd
North Collins NY 14111-9756

William H. Howcott
106 Coldspring Rd
Freehold NJ 07728-3058

Terry P. Ingram
35 W 1750 N
Centerville UT 84014-3133

Robert N. Howe
4141 Joan Dr
Dorr MI 49323-9413

James E. Innes II
Carrier Class
1012 N Bethlehem Pike #200 B-3
Lower Gwynedd PA 19002-2100

Jeff Johnson
73 Janis Ct
Alamo CA 94507-2842

Al Ittner
1301 E Algonquin Rd, SH-2
Schaumburg IL 60196-4041

Sean E. Johnson
545 E Acadia Pt
Aurora OH 44202-8414

John M. Iverson
1110 N Old Mill Rd
Palatine IL 60067-2772

John B. Johnston
17701 Bowie Mill Rd
Derwood MD 20855-1608

George A Jackson
1630 Elmview Dr
Houston TX 77080-7223

John Paul Jones
1013 N Quarry Rd
Amherst OH 44001-9602

Charlie E. Jackson
6540 Crestpoint Dr
Dallas TX 75254-8615

Richard "Tim" Jones
105 Sunset Ct
Carrollton GA 30117-4165

Lance T. Howell
3001 Glenwood Park Ave
Erie PA 16508-2711
LTC Robert J. Howell USAF(Ret)
2150 Tudor Ln
Lakeland FL 33810-6234
Bruce J. Howes
312 Murphys Corner Rd
Woolwich ME 04579-5020
David E. Hubertz
14985 Horseshoe Trce
Wellington FL 33414-7874

Ronald J. Jakubowski
6545 Duneden Ave
Solon OH 44139-4045
Tom R. Janca
6229 S Krameria St
Centennial CO 80111-4242
Barry A. Janov
3901 Radcliffe Dr
Northbrook IL 60062-4219
Marvin F. Japel
2709 Jackson St
Sioux City IA 51104-3622
Frank H. Jarvis
6606 17th Ave Ct W
Bradenton FL 34209-7845

Scott L. Jones
7840 Pleasant Valley Ct
Salem OH 44460-9200

Leo E. Kane
149 High Crest Dr
West Milford NJ 07480-3707

John M. Kessinger
284 SW Ward Dr
Dallas OR 97338-1392

Daryl D. Jones
646 Hillcrest Way
Emerald Hills CA 94062-3937

Barrett M. Kanne
1679 Manhasset Dr
Dunwoody GA 30338-3426

Gerald M. Kessler
6628 Tim Tam Trl
Tallahassee FL 32309-1937

Harold A. Jones
12000 N 90th St Unit 2035
Scottsdale AZ 85260-8632

Joseph Karatka
228 Youngs Rd
Mercerville NJ 08619-1017

William J. Kessler, PE
1625 SW 35th Pl
Gainesville FL 32608-3531

Craig M. Jorgensen
1398 Michigan Ave
Salt Lake City UT 84105-1607

Charles H. Karayan
1018 E Santa Anita Ave
Burbank CA 91501-1510

Roman Kikta
PO Box 610684
Dallas TX 75261-0684

James J. Joyce
286 Ridgewood Blvd N
Township of Washington NJ 076764725

Edmund Kardauskas
185 Priscilla Dr
Lincroft NJ 07738-1241

Chris Kindelspire
613 Lakeshore Ct
Morris IL 60450-2401

Walter C. Karvetski
206 Swan Ln
Forest VA 24551-2649

Richard C. Kirby
200 Osprey Glen Rd
Sequim WA 98382-9799

Jeffrey S. Katz
7 High Wood Rd
West Hartford CT 06117-1117

LeRoy L. Kirchner
745 Hickory Hill Rd
Wyckoff NJ 07481-1620

Paul Katz
1096 Shenandoah Crossing Dr
Gordonsville VA 22942-7347

Emmett B. "Jay" Kitchen Jr.
3704 Washington Woods Dr
Alexandria VA 22309-2739

Barry M. Kaufman
30 Cheryl Rd
Pine Brook NJ 07058-9418

Samuel J. Klein
433 E 56th St Apt 4C
New York NY 10022-2435

E. Lee Kaywork
86124 Hampton Bays Dr
Fernandina Beach FL 32034-8129

Julius P. Knapp
4930 Ilchester Point Ct
Ellicott City MD 21043-6842

John T. Keating
405 Ironwood Dr
Williamsburg VA 23185-2793

David Knight
345 Alexander Blvd
Elmhurst IL 60126-3268

Bernhard E. Keiser D.Sc.
2046 Carrhill Rd
Vienna VA 22181-2917

Leonard R. Knigin
3212 Hewlett Ave
Merrick NY 11566-5505

Robert W. Keller
154 Lancewood Cir
Lufkin TX 75904-6814

Roger P. Kochevar
1900 E Shore Dr Apt 302
Maplewood MN 55109-4213

William H. Keller
90 Woodland Rd
New Providence NJ 07974-2135

Richard L. Kohlhaas Ph.D.
1392 Lindenwood Grv
Colorado Springs CO 80907-7605

Michael Lee Keller
6537 Davidsburg Rd
Dover PA 17315-3113

Carl A. Kolenda
3642 Sandburg Dr
Troy MI 48083-5217

Frederick "Rick" M. Joyce, Esq.
575 7th ST NW
Washington DC 20004-1607
Dorothy L. Jubon
2389 Saint Kennedy Ln
Buford GA 30518-7334
Jan D. Jubon P.E.
2389 Saint Kennedy Ln
Buford GA 30518-7334
Keith W. Kaczmarek
12656 High Meadow Rd
North Potomac MD 20878-3795
Harry Kaemmerer
1503 Holstein Dr
Austin TX 78758-3642
Bernard Kafes
28 Penny Ln
Baltimore MD 21209-2731
John T. Kafka
433 S Stump Tavern Rd
Jackson NJ 08527-3312
Leonard R. Kahn
511 SE 6th Ave Apt 917
Ft Lauderdale FL 33301-2970
Antoinette P. Kaiser
10001 Emerling Rd
Boston NY 14025-9725
Dmitriy Kalantarov
2165 Jones Rd
Fort Lee NJ 07024-3202

Leonard S. Kolsky
1650 Tysons Blvd Ste 1500
McLean VA 22102-4845

Paul M. Lambert
34674 Ave 13 1/4
Madera CA 93636-8453

Philip C. Leavitt
7508 N Red Ledge Dr
Paradise Valley AZ 85253-2850

Brian T. Kopp
229 S 5th St
Fernandina Beach FL 32034-3905

Dennis J. Lamer
3624 Loveland Ave
Loveland CO 80538-7282

Paul Ledwitz
1529 Shadywood Ln
Flower Mound TX 75028-4294

Carl J. Kraus
5 Champlain Ter
Montclair NJ 07042-4101

John Landsberger III
2518 Brucken Rd
Brandon FL 33511-6613

Alan F. Leffler
54 Rainey St Apt 922
Austin TX 78701-4395

Raymond C. Krause
2674 Heath Ln
Duluth GA 30096-3620

John D. Lane
5045 Van Ness St NW
Washington DC 20016-1960

Robert E. Leo
6790 S 3rd Rd
Bozeman MT 59715-8353

James M. Kreuzer
1541 Bronson Rd
Grand Island NY 14072-2910

Peter L. Langer
22 Duckpond Pl
Georgetown SC 29440-6853

Arthur A. LePori
769 Jacqueline Ct
Toms River NJ 08753-5695

James H. Kreuzer
1541 Bronson Rd
Grand Island NY 14072-2910

Jim L. Lansford
1105 Red Ranch Cir
Cedar Park TX 78613-4910

Samuel A. Leslie
1038 Lone Pine Ter
Goode VA 24556-2545

Brian K. Krumm
1105 S 12th Ave
Marshalltown IA 50158-3635

Robert E. LaRose
3576 Utah St
San Diego CA 92104-4139

Robert E. Levy
209 Raleigh Ct
Aurora OH 44202-8538

James W. Kudless
13 Beaver Rd
Califon NJ 07830-3417

John K. LaRue
4646 E Morada Ln
Stockton CA 85212-1613

Jerry L. Lewis
PO Box 1422
Oldsmar FL 34677-1422

Robert A. Kuhn
12600 Varny Pl
Fairfax VA 22033-4383

Knox LaRue Jr.
4800 Hildreth Ln
Stockton CA 95212-1428

Robert M. Lewis
773 Bantry Ct
Merritt Island FL 32953-8079

Ronald P. Kumetz Jr.
67 Border Rd
Alburgh VT 05440-9731

Farokh Latif
351 N Williamson Blvd
Daytona Beach FL 32114-1112

Thomas S.W. Lewis Ph.D.
97 Bryan St
Saratoga Springs NY 12866-1701

Glenn R. Kurzenknabe
23 Carriage Rd
New Cumberland PA 17070-2302

Alvar V. Lauttamus
116 Crest St
Weirton WV 36062-2804

William F. Lieske Jr.
2012 Idylwild Rd
Prescott AZ 86305-7530

Paul J. Kwarta
2220 Meadow Green Cir
Franktown CO 80116-9424

Eric H. Lawson
7709 W Redfield Rd
Peoria AZ 85381-4658

Ronald E. Lile
5644 W State Route 68
Lynnville IN 47619-8227

Walter J. La Fleur
PO Box 1029
Silver City NM 88062-1029

Tiffany Lawyer III
1030 Aoloa Pl Apt 311B
Kailua HI 96734-5267

Darwin G Lind
4010 Fox Trail
Crystal Lake IL 60012-1873

Raymond E. Lafferty
9 Whitewood Dr
Morris Plains NJ 07950-3321

Steven J. Leach
2408 16th Ave S
Fargo ND 58103-3735

Bo G. Lindros
107 Lake Herrin Ct
Yorktown VA 23693-3713

Joseph D. Lambert
PO Box 61201
Boulder City NV 89006-1201

Paul M. Leary
709 Central St
Franklin NH 03235-2023

August J. Link
5674 El Camino Real, Ste K
Carlsbad CA 92008-7130

James W. Linthacum
1802 Daly Dr
Corpus Christi TX 78412-4720
Gary S. Lipscomb
419 Temple St
Hinton WV 25951-2226
Howard H. Lipstone
111 S Rockingham Ave
Los Angeles CA 90049-2513
Cheryl V. Liss
3 Dover St
Merrimack NH 03054-3129
Glenn E. Little
135 Rosedale Ave
Goose Creek SC 29445-4314
Marcus J. Lockard P.E.
1890 Barron Rd
College Station TX 77845-9156
John E. Logan
1050 Connecticut Ave NW 10th Fl
Washington DC 20036-5303
Aaron Logan
3611 NE 112th Ave
Vancouver WA 98682-8708
Gary G. Lopes
11 Crestwind Dr
Rancho Palos Verdes CA 902755048
Christopher R. Lougee
2428 36th Ave W
Seattle WA 98199-3704
Paxton J. Louis
151 Harvard Dr
Hartsdale NY 10530-2022
Theodore "Ted" Lovell
16 Liberty Ct
Woolwich Township NJ 080853010

Margaret J. Lyons
184 Kentucky Way
Freehold NJ 07728-4652

Stephen L. Markendorff
PO Box 10638
Southport NC 28461-0638

Roger D. Madden
13009 Gopher Wood Trl
Tallahassee FL 32312-4114

C. Travis Marshall
7926 Bradley Blvd
Bethesda MD 20817-1947

Victor M. Madera
URB Parque De Torremolinos
Tower Apt 903
Guaynabo PR 00969

Gary A. Martek
240 Hiram Allen Rd
Blythewood SC 29016-8984

Dino J. Magaletto
54 Bedford Rd
Katonah NY 10536-2119
Steven J. Makky Sr.
3565 Highway T
Marthasville MO 63357-2081
Tolulope M. Malik
401 St Marks Ave
Brooklyn NY 11238-3707
Michael J. Mangini
28 Blueberry Ln
Hopkinton MA 01748-2528
David M. Mangini
26 Soundview Farm
Weston CT 06883-2628
Kenneth W. Mann P. E.
20104 Ermine St
Canyon Country CA 91351-1020
Louis M. Manno
221 E 70th St # 1979
New York NY 10021-5216
Jack Manon
PO Box 2944
Friday Harbor WA 98250-2944
Charles Manto
230 Baltimore Ave
Cumberland MD 21532-2442

James A. Lundsted
4904 Woodhaven Dr
Jefferson City MO 65109-0267

David A. Maples
9590 Trio Ln
Manassas VA 20112-5803

Charles N. Lynk
1201 Circle Ln
Bedford TX 76022-6764

Bruce S. Marcus
PO Box 684
Glastonbury CT 06033-0684

Jill M. Lyon
829 SE Fir St
Toledo OR 97391

William C. Margiotta
42050 Sutters Mill Rd
Palm Desert CA 92260-2240

Maribel Martinez-Bradwell
38 Dussault Dr
Latham NY 12110-2321
Irwin R. Masavage
1404 Cortland Dr
Manasquan NJ 08736-4022
Edward S. Mathieu
405 Misty Oaks Run
Casselberry FL 32707-2822
Carl J. Mathis
3501 Mount Prospect Cir
Raleigh NC 27614-7588
Jason S. Matthews
360 W Ruby St
Tavares FL 32778-3826
Elizabeth F. Maxfield Esq.
8716 Towana Trl
Austin TX 78736-3312
M. Walter Maxwell
243 Cranor Ave
DeLand FL 32720-3914
John Walter "Walt" Maxwell
85 Willow Creek Dr
Newnan GA 30263-5580
Andrew C. Maxymillian
235 Summer Hill Dr
Gilbertsville PA 19525-8867
Ralph W. May
7019 Via Cielo
San Jose CA 95135-1329
Paul M. Mayer
2022 Charmingfare EG
Columbus OH 43228-9686
Gordon D. Mayhew
22763 Caroline Dr
Estero FL 33928-2380

Mark C Maynard
271 Thornapple Ct
Delaware OH 43015-3717

H. Don McFarland
PO Box 1246
Seguin TX 78156-1246

Louis J. Meyer P.E.
204 Dobbs Rd
Shady Shores TX 76208-5304

Harry L. Mayo
2 Green Leaf Ct
Princeton NJ 08540-5046

Gary M. McGlothlen
530 Frank St Apt 8
Ottumwa IA 52501-1806

Leo I. Meyerson
1210 N 97th Ct
Omaha NE 68114-2171

Ronald G. Mayworm
3708 E 29th St #128
Bryan TX 77802-3901

Robert S. McGowan
9 Woodsend Trl
Rockaway NJ 07866-1314

Paul L. Middleton
4614 Coleto Creek Ct
Richmond TX 77406-8072

Brian D. McAuley
253 Indian Trail Dr
Franklin Lakes NJ 07417-1014

John D. McIntosh
420 W 31st Ave
Kennewick WA 99337-5024

Joseph Milano P.E.
911 High Mountain Rd
Franklin Lakes NJ 07417-1619

Jeanne E. McAvoy
23 Lakeside Ave
Haskell NJ 07420-1419

Bruce R. McIntyre
111 Timber Cir
Safety Harbor FL 34695-4733

Kenneth M. Miller
16904 George Washington Dr
Rockville MD 20853-1128

Michael J. McCabe
2125 Cherry Ln
Quincy IL 62301-6934

James S. McLeod
2411 View Ridge Dr
Bellingham WA 98229-5923

Owen P. Mills
3300 W Ravenguard Rd
Paulden AZ 86334-4350

Stephanie McCall
3383 Xenia St
Denver CO 80238-3389

Renville H. McMann Jr.
963 Oenoke Rdg
New Canaan CT 06840-2605

Paul W. Mills II
2371 Crocker Ct
Antioch CA 94531-8557

Wanda S. McCarley
432 Olympus St
Cedar Hill TX 75104-2291

Joseph McNeil
119 Depot Rd
West Harwich MA 02671-1024

Joel R. Miner
1718 W 100th Ave
Crown Point IN 46307-5438

David L. McCartney
1183 Wales Pl
Cardiff CA 92007-1513

Scott R. McQueen
776 Mansfield Dr
San Jose CA 95128-2719

Richard A. Mirgon
1792 Kingsley Ln
Carson City NV 89701-6850

George F. McClure
1730 Shiloh Ln
Winter Park FL 32789-5847

Stephen M. Meer
8716 Skyland Dr
Longmont CO 80503-7152

Lloyd M. Mitchell
PO Box 5203
Florence SC 29502-5203

Nathan D. McClure III
2308 Heronhill Pl
Lynchburg VA 245033312

A. F. "Rick" Melzig Jr.
22467 Majestic Dr
Los Gatos CA 95033-8520

Kim M. Miyade
11166 Lucerne Ave
Culver City CA 90230-4244

Samuel R. McConoughey
13017 Chestnut Oak Dr
Gaithersburg MD 20878-3556

Stephen A. Mendelsohn
318 New Milford Ave
Dumont NJ 07628-2147

Robert A. Moesch
4941 Angeles Crest Hwy
La Canada CA 91011-2307

Haden D. McCullough
206 S Main, PO Box 57
Salem AR 72576-0057

Robert W. Merriam P.E.
697 Tillinghast Rd
East Greenwich RI 02818-1424

Peter W. Moncure
1097 Starmount Trl
Clarkesville GA 30523-2859

Arthur E. McDole
333 Tapadero St
Salinas CA 93906-2817

Rollie B. Merrick
2600 Sherrill Park Ct
Richardson TX 75082-3212

Charles S. Moody Jr. USA (RET)
43 Kensington Sq
Mechanicsburg PA 17050-5228

Harlin R. McEwen
422 Winthrop Dr
Ithaca NY 14850-1739

Richard P. Meyer Esq.
10401 Grosvenor Pl Apt 1704
Rockville MD 20852-4644

Harold Mordkofsky Esq.
PO Box 59822
Potomac MD 20859-9822

Dennis P. Moriarty
2445 40th St NE
Canton OH 44705-2857

Glen S. Nash
841 Lewis Ave
Woodland CA 95695-5022

Edward F O'Connor
18 Port Meadow Trl
Fairport NY 14450-2615

Ross A. Morris
125 Big Bear Pl NW
Issaquah WA 98027-3024

Joseph Y. Nasser Ph.D.
4507 Rangewood Dr
Tallahassee FL 32309-8965

Harold O'Dell
PO Box 1578
Greenwood MS 38935-1578

William R. Morrison
2000 Grove Ave
Quincy IL 62301-4334

Anthony Natole
14118 South Dr
Malba NY 11357-1007

Jack O'Dowd
4837 88th St E
Bradenton FL 34202-3603

Thomas L. Morrow
1792 Lago Vista Blvd
Palm Harbor FL 34685-3349

Donald R. Nelsch
2545 N Haven Blvd
Cuyahoga Falls OH 44223-2013

Lisa Ogden
4128 Ridgeview Rd
Harrisburg PA 17112-2879

William E. Moyes
1984 W Mark St
Layton UT 84041-4929

Paulla A. Nelson-Shira
5754 S Kearney St
Greenwood Village CO 80111-1552

Harlan D. Ohlson
23310 NE 152nd Pl
Woodinville WA 98077-7225

James M. Mozley Ph.D., P.E.
126 Windcrest Dr
Camillus NY 13031-1924

J. Allen Newcomb
12 Ham Hill Rd
Southwick MA 01077-9721

George R. Olexa
4929 Gair Loch Ln
Gainesville GA 30506-3101

William C. Mueller
PO Box 1240
Centerville TX 75833-1240

Stephen A. Nichols
3320 Winmoor Dr
Ijamsville MO 21754-9527

Joe Oliveira
1516 Cassil Pl
Hollywood CA 90028-7106

Joseph F. Mullin P.E.
16 Bradford St
Boston MA 02118-2119

David J. Nicol Ph.D.
9871 W 83rd St
Overland Park KS 66204-3239

Louis R Olsen
4312 Rum Runner Rd
Austin TX 78734-1914

Rafael G. Munoz
8 John St
Edison NJ 08837-2508

Gregory E Nitkowski
219 Watchung Ave
Bloomfield NJ 07003-4312

Carl B. "Bernie" Olson
212 Ruby Ave
San Carlos CA 94070-4673

George F. Munsch
160 County Road 375
San Antonio TX 78253-6805

Bernard R. Novak
31 Elva Ct
Oroville CA 95966-3804

Richard J. Ostrowski
32 Joly Ln
Smithfield ME 04978-3520

W. Wallace Murray
1403 S Hill Rd
Milford MI 48381-2854

Michael L. Nowack
2011 N Sheridan Dr
Quincy IL 62305-8929

Stuart E. Overby
54 Flint Dr
Lake Barrington IL 60010-1960

Randy K. Murray
24656 Betts Pond Rd
Millsboro DE 19966-1566

Richard C. Nowakowski
4728 N Kasson Ave
Chicago IL 60630-4234

Steven J. Page
10142 Samoa Ave Unit 17
Tujunga CA 91042-2358

Ladimer S. Nagurney Ph.D.
73 Blackberry Ln
Amherst MA 01002-1516

Morgan E. O'Brien
300 Wye Narrow Dr
Queenstown MD 21658

Mark D. Pallans
7753 Lily Trotter St
North Las Vegas NV 89084-2406

Kiyoshi Nakasaka
4340 E West Hwy Ste 1110
Bethesda MD 20814-4411

Jerry M. O'Brien
PO Box 3465
Apollo Beach FL 33572-1004

William M. Pasternak
28197 Robin Ave
Saugus CA 91350-2066

Jerry Napolitano
11 Bronson Ave
Scarsdale NY 10583-4901

Walter J. O'Brien
11 Serpentine Dr
Clinton NJ 08809-1027

C. David Patton
3929 Woodlawn Ln
Plano TX 75025-2020

Jeffery A. Paull
176 Cooper Lake Rd
Ishpeming MI 49849-3354

Benjamin F Poinsett
4801 Hampden Lane # 401
Bethesda MD 20814-2948

Scott D. Prather
2335 NE 127th St
Seattle WA 98125-4224

George S. Peacock
388 Buck Swamp Rd
Goldsboro NC 27530-8029

Anthony L. Polifonte
47769 Saulty Dr
Sterling VA 20165-4703

Ronald S. Pretekin
6741 Oakfield Dr
Dayton OH 45415-1526

Wayne M. Pecena
5702 Paint Trail
College Station TX 77845-2329

Myron J. Polulak
52 Squires Dr
Southington CT 06489-1254

Steven H. Proctor
3220 Gregson Ave
Salt Lake City UT 84109-2215

Carole J. Perry
28 Keune Ct
Staten Island NY 10304-1431

Thomas P. Pomeroy
10586 Dabney Dr
San Diego CA 92126-3045

George D. Pugsley
1362 W Via Rancho Pkwy
Escondido CA 92029-7257

Timothy V. Peters
821 Arcadia Ave Apt 7
Arcadia CA 91007-7221

Jean A. "JP" Poole
25201 N Vado Ct
Rio Verde AZ 85263-7169

Luther S. Pully P.E.
3910 Cedarbrush Dr
Dallas TX 75229-2703

Philip C. Petersen
PO Box 798
Okoboji IA 51355-0798

Thomas R. Poor
2323 Easthills Dr Unit 28
Bakersfield CA 93306-3165

William F. Quigley
1660 Ringling Blvd
Sarasota FL 34236-6808

Ronald C. Petersen
PO Box 386
Bedminster NJ 07921-0386

Paul G. Poor
5800 Vista Finestra Dr
Bakersfield CA 93306-9625

John R. "Jack" Quinn
78347 Willorich Dr
Palm Desert CA 92211-1310

George Petrutsas Esq.
12800 Kernel Cir
Bowie MD 20715-2873

Nestor Popowych
33 Park Ln
Park Ridge IL 60068-2948

Richard Quintal
78 Salisbury Rd, PO Box 360
Mont Vernon NH 03057-0360

Donald W. Pfohl
4060 Mandy Ave SE
Salem OR 97302-1700

June P. Poppele
5 Jenni Ln
Morristown NJ 07960-5962

Frederick H. Raab Ph.D.
240 Staniford Rd
Burlington VT 05408-2439

Theodore K. Phelps
8810 Walther Blvd Apt 3307
Parkville MD 21234-5771

Terry A. Posey P.E.
PO Box 1181
Crawfordville FL 32326-1181

Steve D. Rahn
40 Santorini Way
Wake Forest NC 27587-5566

Richard Phillips
22402 N 19th Ave
Phoenix AZ 85029-

Roger L. Powell
912 SW Hackney Ct
Lees Summit MO 64081-2303

Robert J. Raide
2514 E Sherman Hollow Rd
Penn Yan NY 14527-9306

Louis A. Plagens
308 Wildwood Ln
Conroe TX 77301-1229

Michael B. Powell
11405 E Calle Catalina
Tucson AZ 85748-7832

Vesel Ramovic
10 Warrenton Ln
Colts Neck NJ 07722-1065

Mark A. Plagens
PO Box 363
Bedias TX 77831-0363

John S. Powell
PO Box 7172298
Stateline NV 89449-7172

Theodore S. "Ted" Rappaport
Ph.D., P.E.
PO Box 5519
Austin TX 78763-5519

Robert E. Pletcher
PO BOX 1453
Mount Vernon TX 75457-1453

Don Poysa
2111 S 77th St
Lincoln NE 68506-3102

Justin L. Plotkin
4532 Pale Moss Dr
Raleigh NC 27606-4537

Walter H. Prang
91 Bridgewaters Dr
Oceanport NJ 07757-1315

Melissa C. Rasmussen
14902 Preston Rd Ste 404
Dallas TX 75254-9105
Harriett M. Rea
131 Driftwood Dr
McMurray PA 15317-6631

Michael G. Redman
140 Betty Jean Ln
Saint Louis MO 63125-3701

George E. Riggins Jr.
2331 San Anseline Ave
Long Beach CA 90815-2042

Joseph S. Rosenbloom Esq.
2 Hackamore Dr
Bluffton SC 29910-4701

Rex L. Reed
1721 N Timbercreek Dr
Mulvane KS 67110-1130

Dennis A. Riise
3713 Cranston Ct E
Irving TX 75062-3555

Ron R. Ross
12305 E Triple T Ln
Prescott Valley AZ 86315-9750

Steven J. Reeves
1352 Wild Ivy Way
Dayton OH 45440-4099

David F. Riley
11 Walnut St
Marshfield MA 02050-3432

Durell M. Roth
PO Box 50504
Austin TX 78763-0504

David C. Reeves
1517 Clear Book Dr
Dayton OH 45440-4332

Bette N. Rinehart
28 Twin Lakes Dr
Gettysburg PA 17325-8455

David J. Rowan
HC 1, Box 302, Lakeshore Dr
Sciota PA 18354-9740

Richard J. Reichler
23501 Park Sorrento Ste 218
Calabasas CA 91302-1381

Robert L. Ritter
1541 Redfern Dr
Pittsburgh PA 15241-2936

Dennis Roy
415 Englewood Ave
Staten Island NY 10309-1910

Alvin Reiner
11243 Bybee St
Silver Spring MD 20902-3233

Lloyd B. Roach
1025 Meetinghouse Rd
West Chester PA 19382-8125

Steven R. Royster
1111 SW 1st Ave Apt 1024
Miami FL 33130-5403

John W. Reiser
PO Box 329
Mount Vernon VA 22121-0329

A. Craig Robinson
4443 Willowdale Rd
Springfield OH 45502-8015

William F. Ruck
PO Box 22456
San Francisco CA 94122-0456

Christopher J. Resavy
27 Sunflower Cir
Lumberton NJ 08048-4861

John T. Robinson
6204 Greeley Blvd
Springfield VA 22152-1839

Anthony J. Russo
652 Farmdale Rd
Franklin Lakes NJ 07417-1110

Stanley Reubenstein
14557 E Caley Ave
Aurora CO 80016-1092

James M. Roden
13970 Bethany Oaks Pointe
Milton GA 30004-4318

Byron G. Ryals
PO Box 6534
Boise ID 83707-6534

Caitlyn E. Reynolds
3565 Highway T
Marthasville MO 63357-2081

Robert J Rodgers
120 Raccoon Way
Gibsonia PA 15044-7928

Chris J. Ryg
PO Box 2889
Suwanee GA 30024-0986

Richard R. Reynolds
89 Barbara Blvd
Felton DE 19943-5736

Francis J. Rodriguez
PO Box 186C
Midland Park NJ 07432

Patti Ryg
PO Box 2889
Suwanee GA 30024-0456

Stephen T. Reynolds
470 Saint Regis Dr
Alpharetta GA 30022-1647

Andy Rooney
c/o CBS 524 W 57th St
New York NY 10019-2930

Chandos A. Rypinski
130 Stewart Dr
Tiburon CA 94920-1325

John E. Rice
2820 Inverloch Vale
Duluth GA 30096-6258

Donald E. Root Jr.
5555 Overland Ave Ste 5105
San Diego CA 92123-1250

Louis R. Sabatini Jr.
12117 S 93rd Ave
Palos Park IL 60464-1120

Henry L. Richter Ph.D., P.E.
2755 Alondra Way
Palm Springs CA 92264-8754

Frank L. Rose
12506 Knowledge Ln
Bowie MD 20715-2622

Anthony "Tony" Sabino Jr.
54 Oak St
Allendale NJ 07401-1919

Gregory T. Riddle
1061 Gloria Dr
Elk Grove Village IL 60007-3178

William F. Roselle Jr.
1310 Perdita Ln
Lincoln CA 95648-8633

Elizabeth R. Sachs
1650 Tysons Blvd Ste 1500
McLean VA 22102-4845

Herbert M. Sachs
6849 Molakai Cir
Boynton Beach FL 33437-7028

Joseph J. Schroeder Jr.
2120 Fir St
Glenview IL 60025-2815

John F. Shafer
5457 Blackhawk Rd
Boulder CO 80303-4009

Michael W. Sage
1050 Harvest Cir
Pleasanton CA 94566-6457

Henry L. Schultz Jr.
PO Box 3324
Erie PA 16508-0324

Alireza Shahnami
ACD Telecom LLC
1268 Upsala Rd
Sanford FL 32771-6668

Joseph C. Saiia
14 Diane Dr
Ewing NJ 08628-2621

Robert H. Schwaninger Jr., Esq.
4510 Carrico Dr
Annandale VA 22003-5903

Harold M. Salters
5516 Hinton St
Springfield VA 22151-3221

Frank Schwartz
74 Summit Ave
Metuchen NJ 08840-2667

Robert L. Sanders
6902 Daniel Dr
Amarillo TX 79109-7411

Michael S. Schwartz
686 Vista Grande Dr
Kingman AZ 86409-3965

David J. Savolainen Sr.
381 County Road 510
Negaunee MI 49866-9647

Stephen M. Sciarini
427 Shawnee Dr
Dover OH 44622-9424

John R. Schaaf Jr.
10 Larch Ln
North Oaks MN 55127-6467

Robert A Scorza
501 Mitchell Rd
Glendale Hts IL 60139-2582

Joseph R. Schaap
13019 Triadelphia Mill Rd
Clarksville MD 21029-1418

Stephen Scott
216 Via Los Altos
Redondo Beach CA 90277-6434

A. Terry Schieler
104 Ladue Woods Estates Dr
Saint Louis MO 63141-7377

Murray A. Scott
3831 Kings Point Dr
Troy MI 48083-5379

Eric J. Schimmel
6216 Hollins Dr
Bethesda MD 20817-2349

Maria A. Scotti
11 Curier Way
Cheshire CT 06410-1429

George A. Schindler P.E.
443 Castle Glen Ct
Ballwin MO 63021-4446

J. Daniel Scrivner
502 Eldoro Dr
Arlington TX 76006-3624

Gordon Schlesinger
5364 Saxon St
San Diego CA 92115-1145

Gary D. Sell
19104 E 30th Ter S
Independence MO 64057-1916

Michael W. Schmidt
88 Greenfield Ct
Little Silver NJ 07739-1811

Carolyn M. Servidio
2237 Banbury Pl
Walnut Creek CA 94598-2308

Herman David Schmidtke
1101 1st St NE
Faribault MN 55021-5409

Andrew M. Seybold
415 Alan Rd
Santa Barbara CA 93109-1002

Michael J. Schneller
11607 Ridge Dr
Sugar Creek MO 64054-1573

Larry Shaefer
115 N Walker St
Angleton TX 77515-4213

Robert C. Shapiro
4124 Mildenhall Dr
Plano TX 75093-3144
Alan R. Shark
500 Wythe St
Alexandria VA 22314-1918
Douglas A Sharp
6760 Owl Lake Dr
Firestone CO 80504-3405
Stephen J. Shaver
214 S 2nd St
Steelton PA 17113-2505
Bill Shaw
174 Croydon Rd
Rochester NY 14610-1433
Tokihiko Shimomura
22 Makena Ct
Petaluma CA 94954-5866
Mark E. Shira
5754 S Kearney St
Greenwood Village CO 80111-1552
Robert Shropshire
4817 N Ferdinand St
Tacoma WA 98407-4501
Hyman L. Siegel
6237 Dovenshire Ter
Fort Worth TX 76112-3112
Donald J. Simon
1714 23rd St SW
Loveland CO 80537-6949
Lori Singer
594 Ashby Rd
New Ipswich NH 03071-3502
Ralph Singletary
26592 Dolorosa
Mission Viejo CA 92691-5933
Scott E. Slater
10240 Nile Dr
Cupertino CA 95014-2144

Eugene R. Smar P.E.
16900 Governors Way
Rockville MD 20853-1133

Michael C Soulliard
7530 E La Cienega Dr
Tucson AZ 85715-3525

Gregory M. Stone Ph. D.
PO Box 25693
Alexandria VA 22313-5693

Nancy C. Smith
1409 Kleber Dr
Carrollton TX 75010-6476

Charles J. Soulliard
6391 E Calle Cavillo
Tucson AZ 85750-1263

Marvin T. Storey
7405 Frostwood Cir
Laurel MD 20707-9448

Calvin D. Smith
867 Kings Post Rd
Rockledge FL 32955-3513

Leon A. "Lee" Spencer
51 Crestview Trl
Houston TX 77082-1518

Richard A. Stout
18801 N Welk Dr
Sun City AZ 85373-1046

William J. Smith
13781 Adios Pass
Carmel IN 46032-1216

Roland A. St. Louis Jr.
112 Jay St
Geneva NY 14456-3212

Jerry S. Stover P.E.
7975 Caruth Ct
Dallas TX 75225-8136

William E. Smith
3505 Fleet Ln
Saint Charles MO 63301-1097

George K. Starace
2888 Hope Ridge Dr
Easton PA 18045-8144

Frank S. Strasser
8916 N Five Mile Rd
Spokane WA 99208-8426

Robert T. Smith
1102 Dora Dr
Sellersburg IN 47172-8001

B. Dennis Starling
109 Cambridge Dr
Lafayette LA 70503-4247

John A. Stricko
156 Noe Ave
Chatham NJ 07928-1546

James L. Smith
4576 County Rd 48
Jemison AL 35085-4874

Joseph W. Stephens
9250 E Costilla Ave Ste 440
Englewood CO 80112-3647

Thomas A. Stroup Esq.
313 Springvale Rd
Great Falls VA 22066-3212

Jack R. Smith
7236 Clifton Rd
Clifton VA 20124-1802

Carl R. Stevenson
4991 Shimerville Rd
Emmaus PA 18049-4955

Warren C. Struven
101 Belvedere Ave
San Carlos CA 94070-4818

N. Clifford Smith Jr.
835 1st Ave
Williamsport PA 17701-3003

Jeff A. Stevko
2434 Coach Dr
Spring Valley CA 91978-1907

John J. Sullivan
5408 Southwood Way
Antioch CA 94509-7455

C. Clinton Smith P.E.
12 Brandywine Dr
Warwick NY 10990-2336

Walter J. Stewart
1701 Sandera Ct
Flower Mound TX 75028-2079

David Sumner
684 Cedar Swamp Rd
Coventry CT 06238-1062

David Snyder
1674 W 256th St
Harbor City CA 90710-2624

Vincent R. Stile
44 Kent Ln
Centereach NY 11720-2829

Admir Surkovic
500 N Main St
Cohasset MA 02025-1367

Phil Snyder
9941 High Dr
Leawood KS 66206-2338

Walton L. Stinson
4150 E Quincy Ave
Englewood CO 80113-5051

Stephen L. Susch
105 Presidential Dr
Horseheads NY 14845-2226

Raphael "Ray" Soifer
190 W Continental Rd 220-186
Green Valley AZ 85622

Houston H. Stokes Ph.D.
1700 E 56th St Apt 3001
Chicago IL 60637-5095

C. Meade Sutterfield
5730 Winterthur Ln NW
Atlanta GA 30328-4624

Raymond L. Sokola
739 Minsi Trail
Perkasie PA 18944-3170

George R. Stoll
10415 E Meadow Run
Parker CO 80134-6219

Patrick A Swan
5825 Maple Valley Dr
Azle TX 75020-0807

Richard G. Somers
1000 Villa Grove Dr
Pacific Palisades CA 90272-3945

Eric D. Stoll Ph.D., P.E.
117 Hillside Ave
Teaneck NJ 07666-4008

David G. Swan P.E.
3714 W Warwick Dr
Peoria IL 61615-2553

Richard A. Swayze
641 Pickering Ln
Phoenixville PA 19460-2549

Morris Tischler
7 Slade Ave Apt 816
Baltimore MD 21208-5295

Clyde A Turknett
20603 Deep Crk
Lago Vista TX 78645-6034

Craig Szczutkowski
403 Spring Lake Rd
Forest VA 24551-1978

Thomas K. Tolman
7563 Urban St
Arvada CO 80005-5334

Hugh A. Turnbull
1708 Wickham Way
Crofton MD 21114-2905

Edward S. Talley
33 Club House Ct
Jericho NY 11753-2814

James M. Tolson
5465 Oakwynne Ave
Hilliard OH 43026-8840

Donald E. Turney
87219 Spur 26A
Waterbury NE 68785-3011

Harry Tarbell
2039 Essex Mine Ct
Gold River CA 95670-7717

Ben Tongue
41 Ferris Dr
West Orange NJ 07052-2009

Dominic F. Tusa
75757 Highway 1082
Covington LA 70435-6782

John J. Tary
7739 Spring Dr
Boulder CO 80303-5036

Sidney Topol
Topol Group
33 Commonwealth Ave
Boston MA 02116-2300

William A. Tynan
1054 Indian Creek Loop
Kerrville TX 78028-1763

Faysal Tay
6301 Hastings St
Matairie LA 70003-3050
Carlton L. Tedrick
3655 Canyon Ridge Arc
Las Cruces NM 88011-0933
Eliot F. Terborgh
57 Parkwood Dr
Atherton CA 94027-2229
John V. Terrey
498 Cross St
Carlisle MA 01741-1509
John L. Theimer
10625 SW 113th Pl Apt D
Miami FL 33176-8283
Steven S. Thomas
5650 La Seyne Pl
San Jose CA 95138-2240
C. Preston Thomson
6860 Country Ct
Granite Bay CA 95746-8817
W. Thomas Thornton
11471 Twin Lakes Ln
San Angelo TX 76904-4087
Alan S. Tilles
11921 Rockville Pike Ste 300
Rockville MD 20852-2737
Benjamin F. Tillson
186 Gulls Way
Brewster MA 02631-2568

Gregory F. Toritto
6319 N Glenwood, IN
Chicago IL 60660-1374
William T. Townes
17814 Applegate Rd/PO Box 443
Applegate CA 95703-9749
Michael C. Trahos D.O., NCE,
CET
6613 Goldsboro Rd
Falls Church VA 22042-4108
Thomas H. Traynor P.E.
28 Picardy Ln
Syosset NY 11791-2008
Lt. Col. M.J. Treado USMC(Ret)
8921 Edgewood Dr
Gaithersburg MD 20877-1542
Anthony J. Tricoci
10206 So 43rd Court
Phoenix AZ 85044-1023
James L. Troe
244 Woods Dr
Lansdale PA 19446-6234
John G. Troster - TTEE
82 Belbrook Way
Atherton CA 94027-6406
Raymond C. Trott P.E.
6907 Preston Glen Dr
Dallas TX 75230-2362
Malcolm M. Turdo
3106 Harrison St
Wall Township NJ 07719-4309

Matthew F. Tyszka Jr.
189 Old Forge Rd
Riverton CT 06091-1214
Walter A. Ullrich Jr.
65 Old Aspetong Rd
Katonah NY 10536-3844
Jay W. Underdown
25 Bunker Dr
O Fallon MO 63366-1104
Lincoln J. Unruh
964 Graland Pl
Highlands Ranch CO 80126-5573
Matthew C. Valenti
929 Riverview Dr
Morgantown WV 26505-4633
Earl S. Van Atta III
6555 Plantation Pines Blvd
Fort Myers FL 33966-1322
Calvin D. Van Ornam
108 Rodeo Ct
Custer SD 57730-7201
Gordon C Vanauken
210 Edward Dr
Bellefonte PA 16823-8581
Michael D. Vargo
4951 Berkeland Ct
San Jose CA 95111-1706
Donald T. Vaughan
1209 Turf Dr
Oceanport NJ 07757-1026

Richard K. Vaughan
813 Angelus Oaks Dr
Henderson NV 89011-1856

Lee A. Ward
3707 E 223rd St
Peculiar MO 64078-8703

Donald G. Werner
604 E Walnut Ave
Glendora CA 91741-3566

Joe B. Vestal
710 Country Club Rd
Crystal Lake IL 60014-5609

Marilyn B. Ward
318 Palmer Dr
Lexington SC 29072-7476

Gordon V. West
2414 College Dr
Costa Mesa CA 92626-6331

Robert M Vincent
2209 Margarita Dr
The Villages FL 32159-9546

Carl R. Warren
946 S Campbell Ave
Springfield MO 65806-3017

Lewis D. Wetzel
983 Meadow Rd
Casco ME 04015-3036

Michael W. Vinocur
347 Pine Valley Dr
Fairview TX 75069-1915

Joe F. Watts
2715 Stratfield Dr
Cumming GA 30041-8283

Robert B. White
68 N Main St
Yardley PA 19067-1410

Michael J. Virostko
10 School St
Townsend MA 01469-1061

William R. Waugaman
65 River Trail Dr
Palm Coast FL 32137-4588

C. Bart Whitehouse Ed.D.
3 Sunset Lane
Greenwood Village CO 80121-1251

Emil T. Vogel
105 Deer Trl
Ramsey NJ 07446-2111

Clarence W. Weaver
9191 Garland Rd Apt 316
Dallas TX 75218-3982

Franklin L. Widmann
19 Hillsdale Rd
Colts Neck NJ 07722-1143

Robert E. Walker
1290 County Road 3355
Paradise TX 76073-4442

John G. Webb
12736 Erin Dr
Auburn CA 95603-2847

Michael E. Wilkins
805 Wood Duck Ln
Russellville AR 72801-4755

Doug P. Walker
PO Box 508
Mayfield KY 42066-0031

Larry G. Weber
5819 Fitzpatrick Rd
Hidden Hills CA 91302-1104

Larry H. Will P.E.
1055 Powderhorn Dr
Glen Mills PA 19342-9504

Timothy Walker, PE
19 Woodside Ave
Westport CT 06880-3027

Roger D. Webster
115 Bellarmine Dr
Rochester Hills MI 48309-1204

Dorsey Williams
PO Box 189
Jonesborough TN 37659-0189

Robert C. Wallenburg
110 Midway Dr
River Ridge LA 70123-2516

J. Barry Webster
Tessco Technologies
11126 McCormick Rd
Hunt Valley MD 21031-1404

Roger L. Williams
20867 Paradise Ln
Brainerd MN 56401-5306

Dale M. Walsh
1711 Sunnybrook Dr
Irving TX 75061-2158
Robert P. Walsh Esq.
PO Box 73
Battle Creek MI 49016-0073
Keith H. Waltman
102 Florence Ave
Westville NJ 08093-2000
Larry W. Ward
5 Coles Rock Rd
Merrimack NH 03054-6813
Thomas J. Ward
3261 Bissell Rd
Springfield IL 62707-3543

Frank P. Weed
5650 S Marshall St
Denver CO 80123-0806
Edward F. Weingart
334 W Creekview Dr
Hampstead NC 28443-2138
David E. Weisman Esq.
2115 Leroy Pl NW
Washington DC 20008-1848
Robert H. Welsh
48 Rembrandt Ln
Holland PA 18966-2317
Sandra J. Wendelken
6268 E Long Pl
Centennial CO 80112-2439

Paul A. Willis P.E.
2295 Maiden Ln
Altadena CA 91001-2568
William L. Wilson
14810 217th Ave NE
Woodinville WA 98077-7212
Tom C. Wineland
1418 Winding Canyon Ct
Katy TX 77493-8012
James M Wingate
PO Box 3960
Camp Verde AZ 86322-3960
Robert F. Wise
5714 Valley Scene Way
Spring TX 77379-4986

Karl J. Witbeck
18530 N 85th Ave
Peoria AZ 85382-8050

Marc M. Zaharchuk

David T. Witkowski
1525 Altamont Ave
San Jose CA 95125-5002

Ernest H. Zebal
PO Box 61076
Reno NV 89506-0021

Ronald Wong
9162 Vons Dr
Garden Grove CA 92841-1146

Maurice H. Zouary
56 Marlborough Rd
Brooklyn NY 11226-2606

Rick Woodsome
4647 Huey Circle
Boulder CO 80305-6736

David M. Zumwalt P.E.
PO Box 752
Christiansted VI 00821-0752

James Barry Woodward Sr.
15 Bentley Place Way
Covington GA 30016-1156
Charles T. Wooten
1709 New Hampshire Ave
Lynn Haven FL 32444-4117
Bernard T. Wooters
8303 E Mansfield Ave
Denver CO 80237-1723
Patrick J. Worsham
2205 Fair Oaks Dr
Austin TX 78745-2751
Ernest J. Worthman
1531 E Alameda Ave
Denver CO 80209-2529
Michael F. Wright
410 Auburn Way Apt 8
San Jose CA 95129-1662
Terry L. Wright
9353 Kings Charter Dr
Mechanicsville VA 23116-5117
Anthony F. Yellen
8446 117th St
Richmond Hill NY 11418-1401
Thomas E. Yingst
36 Brownstone Dr
Hershey PA 17033-2501
Charles A. York
150 Oakridge Rd
Lewisville TX 75057-2252
Terry L. Zaccarino
8945 Colesbury Pl
Fairfax VA 22031-3240

1205 General Washington Mem Blvd
Washington Crossing PA 18977-1307

Honorary Members
RCA by-laws state that “an honorary member (selected by a vote of The Board of Directors) shall be a person of
high professional standing who is interested in the activities of the Club.” It is the highest distinction given by The
RCA. Altogether (1909 to present), RCA has had 28 honorary members. John V.L. Hogan, Robert H. Marriott and
John Stone Stone were among the first, becoming honorary members in 1915, when RCA was but six years old.
They were among founders of the Institute of Radio Engineers in 1912 and had extensive technical achievements.
Hogan started a New York radio station that became WQXR. In February 1907, Stone founded a radio
communications society that pre-dated the Radio Club: the Society of Wireless Telegraph Engineers. He was
president of IRE in 1915.

The Radio Club lobbied President Calvin Coolidge to appoint Marriott as an initial commissioner of the Federal
Radio Commission when it was being assembled in 1926, to begin operations in 1927. Coolidge didn’t. That was
back in the days when a more homogeneous membership made it easier for RCA to take positions on regulatory and
legislative matters.
The Diamond Jubilee Yearbook lists 24 Honorary Members. During the past 25 years RCA has selected for
honorary membership four more. The late Mildred Link, widow of RCA’s perennial president — as he called
himself — was made an honorary member in 1998, shortly after Fred passed away. Lorraine Poppele Flower, lived
in Morristown, NJ, was elected member and honorary member in 1992, died on 20th July 2001. Walter Cronkite
(now deceased), was made an honorary member in July 2007. Cronkite is best known as the anchor of the “CBS
Evening News” program from 1962 to 1981 and as America’s eyewitness to history. In November 2007, Andy
Rooney was named an honorary member of the Radio Club of America. In that year Andy delivered the keynote
speech at the Club’s annual banquet. Andy is best known for essays that he presents on the CBS News program “60
Minutes,” where he has worked for the past 30 years.
June P. Poppele joined the Club in 1981 and was made an honorary member the same year (her name is listed in the
Diamond Jubilee Yearbook). June is a member of RCA’s Executive Committee and is chairman of the Club’s Good
& Welfare Committee. Poppele family members have been active supporters of RCA activities for decades.

Link

Rooney

Cronkite

The Radio Club of America
List of Awards
1909-2009

The Armstrong Medal
Initiated in 1935. Bestowed by the board of directors upon any member who shall have made in the
opinion of the board of directors and within the spirit of the Club, an important contribution to radio art
and science.
Testimonial Scroll Establishing The Armstrong Medal
1935 - Edwin H. Armstrong
Medalists
1935 - Maj. Edwin H. Armstrong
1937 - Louis Alan Hazeltine
1938 - Harold H. Beverage, D. Sc
1940 - Greenleaf Whittier Pickard
1941 - Harry W. Houck
1945 - Carman Randolph Runyon, Jr.
1946 - Charles Stuart Ballatine
1947 - John V.L. Hogan
1950 - Ernest V. Amy
1950 - Maj. Edwin H. Armstrong
1950 - George E. Burghard
1950 - Minton Cronkhite
1950 - Paul F. Godley
1950 - John F. Grinan
1950 - Walker P. Inman
1952 - Capt. Henry J. Round
1953 - Raymond A. Heising
1956 - Melville Eastham
1959 - John H. Bose
1962 - Paul Ware
1964 - Harold A. Wheeler
1965 - Ernest V. Amy
1967 - John Bertrand Johnson
1968 - Jerry B. Minter
1969 - Francis H. Shepard, Jr.
1970 - Frank A. Gunther
1972 - Renville H. McMann, Jr.
1974 - Lewis M. Hull
1975 - Henri G. Busignies, D. Sc., Ph.D., D. Eng
1976 - Capt. William G. H. Finch
1977 - Arthur A. Collins

1978 - Murray G. Crosby
1980 - Leonard R. Kahn
1981 - Arthur V. Loughren
1983 - Edwin P. Felch
1986 - George H. Brown, Ph.D
1987 - William W. Eitel
1988 - Luther G. Schumpf
1991 - E. King Stodola
1992 - Paul M. Gruber
2003 - Morris Tischler
2007- Walter Cronkite
2007 – John S. Belrose, Ph.D

The Special Recognition Award
Initiated in 2000. Awarded by the board of directors in appreciation to individuals for their dedicated
service to the Club.
2000 - Jerry B. Minter
2003 - Maurice H. Zouary
2005 - Emmett B. "Jay" Kitchen Jr.
2008 - Gilbert R. Houck
2008 – Eric D. Stoll Ph. D

The Sarnoff Citation
Initiated in 1973. Established by the board of directors to be awarded to individuals for significant
contributions to the advancement of electronic communications.
1973 - Barry M. Goldwater
1974 - Jack R. Poppele
1975 - Edgar F. Johnson
1976 - Fred M. Link
1977 - William P. Lear
1978 - William W. Eitel
1979 - Donald G. Fink
1980 - Monte Cohen
1981 - Jerry S. Stover, P.E.
1982 - Julian Z. Millar
1983 - William F. Halligan, Sr.
1984 - Robert M. Akin, Jr
1985 - Dana W. Atchley, Jr
1986 - Kenneth M. Miller
1987 - William J. Weisz
1988 - Mal Gurian
1989 - William E. Endres
1990 - John D. Goeken
1991 - Lt. Gen. Walter E. Lotz, Jr.
1992 - Ake L. Lindqvist

1993 - Ben Tongue
1994 - Jack McCullough
1995 - Jai P. B’hagat
1996 - Emmett B. Kitchen, Jr.
1997 - William O. Hunt
1998 - James A. Dwyer, Esq.
1999 - Sidney Topol
2000 - Theodore S. Rappaport
2002 - William F. Baker
2004 - Hubert Schlafly, Jr.
2007 – C. Dennis Bodson
2008 – Paul E. Jacobs Ph. D
2008 – Brian Williams

The Edgar F. Johnson Pioneer Citation
Initiated in 1975. Designated by the Board of Directors to be awarded to long-time members who have
contributed substantially to the success and development of the Club, or to the art of radio
communications.
1975 - Richard W. Konter
1976 - Harold H. Beverage, D.Sc.
1977 - William E.D. Stokes, Jr.
1978 - Lewis M. Clement
1979 - Clair L. Farrand
1980 - Frank King
1981 - James J. Lamb
1982 - J. Keith Henney
1983 - F.X. Rettenmeyer
1984 - Harold A. Weeler
1985 - George C. Connor
1986 - O. James Morelock
1978 - Edward Sieminski
1988 - Francis H. Shepard, Jr.
1989 - Capt. W.G.H. Finch
1990 - Alexander A. McKenzie
1991 - William G. Russell
1992 - George J. Apfel
1994 - Chandos A. Rypinski
1997 - Norman L. Chalfin
1998 - John E. Balint

The President's Award
Initiated in 1974. Awarded at the discretion of the president of the Radio Club of America for unselfish
dedication to support of the Club.
1974 - George W.Bailey, Pd.D
1975 - Ernest V. Amy

1978 - Joseph L. Stanley
1980 - Jack Poppele
1981 - Jerry B. Minter
1982 - Vivian A. Carr
1983 - Stuart F. Meyer
1984 - Joseph F. Walker, Sr.
1985 - Fred Shunaman
1986 - Archibald C. Doty, Jr.
1987 - Gaetano (Tom) Amoscato
1988 - David Talley
1989 - Joseph E. Sims
1990 - Joseph W. Morrisey, P.E.
1991 - Connie M. Conte
1992 - June Poppele
1993 - Don Bishop
1994 - Frank A. Gunther
1994 - Jerry B. Minter
1994 - Francis H. Shepard, Jr. *
1995 - Gilbert R. Houck
1996 - Fred M. Link
1997 - Steven L. Aldinger
1998 - Richard G. Somers
1999 - Vivian A. Carr
2001 - Mercy S. Contreras
2004 - Patrick E. Buller
2005 - Eric D. Stoll, Ph.D., P.E.
2006 - Raymond C. Trott P.E.
2008 – Ronald J. Jakubowski
2009 – Carole J. Perry
* Awarded posthumously

The Allen B. DuMont Citation
Initiated in 1979. Awarded by the Board of Directors for important contributions in the field of
electronics to the science of television.
1979 - Thomas T. Goldsmith, Jr., Ph.D
1980 - P. Samuel Christaldi, Pdh.D
1981 - Horace Atwood, Jr
1982 - William Fingerle
1983 - Fred M. Link
1984 - Jack R. Poppele
1985 - John W. Morrisey
1986 - William H. Sayer
1987 - Kenneth A. Hoagland
1988 - William D. Kelly
1989 - Kenneth A. Chittick
1990 - Donald G. Fink
1991 - Loren F. Jones
1992 - William F. Bailey
1993 - Andrew F. Inglis

1994 - William E. Good, Pd. D
1995 - Renville H. McMann, Jr
1999 - William E. Endres
2003 - William E. Glenn

The Ralph Batcher Memorial Award
Initiated in 1975. Presented to a member who has assisted substantially in preserving the history of radio
and electronic communications.
1976 - Morgan E. McMahon
1977 - John F. Rider
1978 - Bruce L. Kelley
1979 - Robert W. Merriman
1980 - Edward G. Raser
1981 - Ernest A. DeCoste
1982 - Louise Ramsey Moreau
1983 - Joseph R. Pavek
1984 - William A. Breniman
1985 - Donald G. Fink
1986 - Donald K. deNeuf
1987 - John D. Ryder, Ph.D
1988 - Ralph W. Muchow, D.D.S.
1989 - James E. Brittain, Ph.D
1990 - Brother J. Patrick Dowd, F.S.C.
1991 - Ralph O. Williams
1992 - Thomas S. W. Lewis, Ph.D
1993 - Hugh G.J. Aitken, Ph.D
1995 - Max C. de Henseler, Ph.D
1999 - Maurice H. Zouary
2000 - Raymond Minichiello
2006 - Ronald E. Frisbie
2008 - Jerry B. Minter
2009 - Bart Whitehouse

The Special Service Award
Initiated in 1975. Awarded at the discretion of the Board of Directors to individuals who have
contributed substantially to the support and advancement of the Club.
1975 - Ernest V. Amy
1975 - William H. Offenhauser, Jr.
1976 - David Talley
1982 - Connie M. Conte
1986 - Mal Gurian
1987 - John W.Morrisey, P.E.
1988 - Jerry S. Stover, P.E.
1989 - Eric D. Stoll, Ph.D., P.E.
1990 - Jay R. Huckabee
1991 - Maurice H. Zouary
1992 - Joseph S. Rosenbloom, Esq

1993 - Raymond C. Trott, P.E
1995 - David E. Weisman, Esq
1996 - Mercy S. Contreras
1997 - Stanley Reubenstein
1998 - Maxine Carter-Lome
1999 - June Poppele
2001 - Loren R. McQueen
2002 - Karen J. Clark
2003 - Andrew A. Conte
2004 - Debra Baker Wayne
2006 - Richard J. Reichler
2009 – Richard P. Biby P.E.
2009 - Carroll L. Hollingsworth

The Henri Busignies Memorial Award
Initiated in 1981. Awarded by the Board of Directors for contributed substantially to the advancement of
electronics for the benefit of mankind.
1981 - William H. Forster
1982 - James O. Weldon
1983 - David Talley
1984 - Frank P. Barnes
1985 - Jerry B. Minter
1986 - Frank A. Gunther
1987 - Renville H. McMann, Jr.
1988 - Francis T. Cassidy
1989 - Avery G. Richardson
1990 - William G. Donaldson
1991 - Raymond E. Lafferty
1992 - Stuart F. Meyer
1994 - Eric D. Stoll, Ph.D., P.E.
1997 - Leslie A. Geddes
1998 - Reed E. Fisher
2000 - Stephen M. Meer
2003 - Leonard R. Kahn

The Fred M. Link Award
Initiated in 1986. Awarded by the Board of Directors to those who have contributed substantially to the
advancement and development of land mobile radio and communications.
1986 - Fred M. Link
1987 - Frank A. Gunther
1988 - Stuart F. Meyer
1989 - Mal Gurian
1990 - Raymond C. Trott, P.E.
1991 - Gaetano Amoscato
1992 - Al Gross
1993 - Jerry S. Stover, P.E.
1994 - Robert L. Mattingly

1996 - Martin Cooper
1997 - John E. Brennan
1998 - Henry B. Kreer
1999 - Roger R. Block
2000 - Manuel A. Alvarez
2001 - Peter Mailandt, Ph.D
2002 - James W. Campbell
2003 - Arthur E. McDole
2005 - William F. Lieske Sr.
2006 - Sir Angus Tait
2008 - Michael W. Hunter
2009 – Terry G. Daniels

The Alfred H. Grebe Award
Initiated in 1994. Awarded by the Board of Directors to those who have achieved outstanding quality in
the design and manufacture electronic components and equipment.
1994 - Frank A. Gunther
2001 - Amar G. Bose, Sc D
2002 - Gilbert R. Houck
2005 - Jerry B. Minter
2007 – Louis J. Meyer P.E.
2009 – Larry Conlee

The Frank A. Gunther Award
Initiated in 1996. Awarded by the Board of Directors for major contributions to the advancement of
military electronic communications systems.
1996 - Frank A. Gunther
1998 - Seymour Krevsky, P.E.
1999 - Thomas H. Traynor, P.E.
2001 - Paul M. Gruber
2002 - Kenneth A. Hoagland

The Jerry B. Minter Award
Initiated in 1996. Awarded by the Board of Directors for significant contributions to the electronics art
through innovation in instrumentation, avionics, and electronics.
1996 - Jerry B. Minter

The Lee De Forest Award

Initiated in 1983. The award was established concurrently with the joining of the De Forest Pioneers with
The Radio Club of America, and is made in memory of the many contributions of Lee De Forest, Ph.D. to
the radio communication industry. Awarded by the Board of Directors to a person for significant
contributions to the advancement of radio communications.
1983 - D.E. Replogle
1984 - William G. H. Finch
1985 - Austin G. Cooley
1986 - Maurice Zouary
1987 - William Storm Halstead
1988 - Fred M. Link
1989 - Fred Shunaman
1990 - Marguerite E. Warshaw
1991 - Louis Rabinowitz
1992 - Louise Ramsey Moreau
1995 - Edward Dervishian, P.E
1999 - Joe Franklin
2001 - Leslie A. Geddes, Ph.D
2006 - Sean Maloney
2008 – Joe Vestal

The Jack Poppele Broadcast Award
Initiated in 1989. Awarded by the Board of Directors for important and long-term contributions to the
improvement of radio broadcasting.
1989 - Leonard R. Kahn
1990 - Robert M. Morris
1991 - Frank L. Marx
1992 - George Jacobs, P.E.
1993 - Robert L. Everett, Ph.D
1994 - Capt. John B. Knight
1995 - Carl E. Smith P.E
1997 - Charles A. Higginbotham
2000 - John R. Gambling
2003 - Skitch Henderson
2005 - Gordon B. Bishop
2008 – Barry M. Farber
2009 – George Woodard

The Barry Goldwater Amateur Radio Award
Initiated in 1994. Awarded by the Board of Directors for major contributions to the amateur radio
service.
1994 - Stuart F. Meyer*
1995 - Archibald C. Doty
1996 - Carole J. Perry
1998 - Joseph J. Fairclough
2000 - Jim C. Hirchman, M.D
2006 - Anthony J.F. Clement

2009 – Ralph A. Haller
* Awarded posthumously

The RCA Centenarian Award
Initiated in 1989. Awarded by the Board of Directors to any member attaining the age of 100 years.
1989 - Hugo Cohen
2007 – Harry J. Mills

NPSTC'S Richard DeMello Award
The National Public Safety Telecommunications Council ("NPSTC") (www.npstc.org) developed this
award in 2006. NPSTC plans to grant this award annually, and present it at RCA's Annual Awards
Banquet, to an individual in public safety communications who has demonstrated the highest levels of
personal and professional conduct and performance in the local, state and national public safety
communications arena. This award was created to honor the achievement of Richard DeMello, one of the
founding fathers of NPSTC and a member of The Radio Club of America. DeMello was instrumental in
bringing all of the frequency coordinators together to form NPSTC.
2006 - Harlin R. McEwen
(The 2006 Award was funded by Sponsors, Richard Nowakowski, Motorola, and M/A-Com.)
2007 – John Powell
(The 2007 Award was funded by Sponsors, Geo-Comm and Motorola).
2008 - Charles Werner
The 2008 award was funded by sponsor Ericsson.)
2009 – Donald E. Root, Jr.
(The 2009 award was funded by sponsors, EADS CORP25 and The Jack Daniel Company . )

