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The Past, the
Present, the Future

The advent of personal communications serv-
ices (PCS), with more than 55 markets online,
signifies the power of wireless communications.
Wireless has changed the way we work, com-
municate and live. The future for the radio com-
munications industry appears limitless as
new spectrum and applications are opening the
doors to entrepreneurs who are devising ways to
make communications better and better. In addi-
tion, diverse applications are on the horizon such
as digital camera technology married to phones
and more content delivered via wireless.

All of this is truly amazing and would not be
possible without the ingenuity and dedication to
wireless communications of the radio pioneers.
This issue of the Proceedings takes all of this
into account with a mix of editorial highlighting
the past and today’s accomplishments.

The RF engineers of the past have paved the
way for the next generation of radio enthusiasts
to enter an exciting and booming wireless indus-
try. The opportunities for tomorrow’s engineers
are incredible. There exists vast opportunities
for engineers with RF capabilities, as the short-
age across America continues.

Hiring good RF engineers continues to be a
major challenge for wireless communications
companies. In spite of this challenge, continuous
inroads are being made in RF technology by
today’s engineers.

Today’s achievements are made possible by
innovators and leaders like Fred Link, who

played a significant role in contributing to wire-
less’ role in war and public safety communica-
tions. Our Proceedings features on “The Father
of the Police Radio” and “Plaque Dedication to
Fred Link” depict a time when radio communi-
cations was becoming king. Perusing these ar-
ticles provides a taste of how the radio advance-
ments of the past shaped the developments of
today.

The critical importance of wireless communi-
cations can be seen in “Titanic Tragedy Spawns
Wireless Advancements,” which describes the
tragic happenings of the magnificent Titanic and
how improvements in radio came about after this
maritime disaster. It is unfortunate that it took
the sinking of this large ship and the loss of lives
to change radio communications processes.

We feature arc transmitter technology in our
article on “Historic Connections.” This article
summarizes what nuclear science owes to the
development of arc transmitter technology.

The present and the future are depicted in
“The Advent of Thin-Film Manufacturing.”
This article describes how superconductive
electronics are enabling improvements in call
handling at cell sites as wireless communica-
tions components based on the low-loss prop-
erty of HTS thin films can provide signifi-
cant performance benefits as well as signifi-
cant size and weight reductions for filter

Continued on page 35
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Iitanic tragedy spawns
wireless advancements

The tragedy of the RMS Titanic — loss of life
numbering 1,500 passengers the night of April
14, 1912 — was a great tragedy that seems even
greater when one considers that all 2,205 Titanic
passengers might have been rescued if just a
couple of things had happened differently. Noth-
ing is gained, however, by living in the world of
“if only.” Tragedy often breeds progress, and in
the case of the Titanic, this proved to be true.

Little has been said of the circumstances of
the Californian, a passenger ship that was within
sight when the Titanic struck the iceberg that
caused it to sink. The Californian failed to ac-
knowledge the distress flares of the Titanic or to
turn on its wireless. The passenger ship
Carpathia, 58 miles southeast of the stricken
Titanic, responded to the distress call and res-
cued 705 passengers in lifeboats. The other 1,500
passengers had succumbed to the cold sea.

The sinking of the “unsinkable” Titanic
shocked the world. The pride of the White Star
Line, the Titanic was the sister of the RMS
Olympic, which had already enjoyed great suc-
cess and acceptance by the travel industry. The
Olympic had also set a speed record for the round
trip from England to New York.

The Titanic’s sinking generated an opportunity
for many to profit on the meager details available.
Most details were available through the late David
Sarnoff, the Marconi wireless operator, atop the
Wannamaker Building in New York City. Sarnoff
handled traffic without relief for several days with

the ship Carpathia and the shore station at Glace
Bay, Nova Scotia. Sarnoff’s tenacity and loyalty
during the period of uncertainty catapulted him to
fame, and later he became president of Radio
Corporation of America.

News released to the media by the Marconi
Wireless Company was often distorted, and the
sensationalism often overshadowed the enormity
of the tragedy. The book publishing industry
joined the bandwagon and capitalized on the
distress of the survivors and the family members
of those lost at sea. One book in particular, The
Sinking of the Titanic and Great Sea Disasters,
published within weeks of the disaster, was ped-
aled door-to-door with a profitable success.

Even the cinema, in its infancy, capitalized by
producing animated films of the Titanic, includ-
ing such scenes as passengers’ struggles and
fights to find space on the limited number of
lifeboats. By the moral standards of 1912, the
animation exceeded human tolerance.

Since the Titanic’s sinking, stories, books,
documentaries and films have emerged with
variations of the facts. The fascination about the
Titanic continues to attract the human soul. The
latest resurrection is the movie, Titanic, due for
release Dec. 19, 1997. This movie, by 20th Cen-
tury-Fox, is a $200 million extravaganza repre-
senting most accurately the events taking place
prior to, during and following the Titanic disaster.

No money was spared in the research and
presentation of historical facts, or the re-creation
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of scenery depicting the ship including the grand
salon and, of course, the replica of the wireless
room that played a most important role in the
rescue of the 705 passengers.

The movie goes into extraordinary detail to
include replicas of the motion picture cameras of
the 1912 period, to depict the filming of passen-
gers gathered at the pier to embrace one another
for the last time and extend a wish for a “bon
voyage” before embarking on the Titanic. The
reproduction accuracy of the wireless room and
its equipment will be testified to when the origi-
nal wireless room is lifted by Titanic Inc. and
delivered to the Marconi Museum in Bedford,
NH, for evaluation and display. Titanic Inc. and
its president, George Tulloch, are the salvage
contractors given sole rights to the recovery of
any and all of the Titanic lying 12,000 feet at the
bottom of the sea. Artifacts already recovered and
restored by Titanic Inc. are currently on display in

Titanic wireless room replica.

6 eFaLL 1997

Memphis, TN. The exposition moves on to At-
lanta for opening Nov. 19, 1997.

The Wireless Room

The importance of the Titanic’s wireless
room after striking the iceberg can best be de-
scribed by the beginning of events on the
evening of April 14, 1912. The night was clear,
and many stars were visible. The sea was calm.
For the North Atlantic to be so smooth was a
sailor’s dream. The Titanic’s captain, E.J.
Smith, apparently saw his opportunity to go full
speed ahead in an attempt to break the ocean-
crossing record of its sister ship, RMS Olympic.
Lookouts were posted in the crow’s nest to
watch for icebergs ahead.

Prior to the collision of the Titanic with the
iceberg, two wireless messages warning of an
iceberg field ahead were received by Jack
Phillips and Harold Pride, the Marconi wireless




Switching panel, from generator to emergency battery.

operators aboard the ship. The most critical re-
port was received at 9:40 p.m. from the ship
Mesnaba, stating the ice field position at 42 25’
N, 50 30’ W. The Amerika, too, had sent a wire-
less message earlier, at 11 a.m., advising of the
ice field at the same coordinates. These reports
were posted but not acted on by Capt. Smith or
his first officer. Disaster was imminent.

At 11:40 p.m., a lookout shouted the report of
“iceberg dead ahead!” repeatedly. The bridge
attempted evasive action but struck the iceberg
on its starboard side, ripping through the hull a
length of nearly 300 feet. The Titanic suddenly
was no longer invincible. Having lost its sealable
bulkheads, it was unable to remain buoyant at its
bow, and within only 150 minutes following the
collision, the bow submerged. Then at 2:10 a.m.,
in a final gulp, the stern rose up to an angle of

N
&
w3
i}

almost 60 degrees, lurched, and began its de-
scent to the ocean’s floor.

The chain of events that followed would, by
today’s standards, be declared incredible, and
lawless. One must be remember, however, that
the rules and regulations governing safety at sea
had not yet been adopted for this rapidly grow-
ing industry. The period of the early 1900s was
one of rapid growth of the luxury liner popular-
ity. The wealthy pursued the first and second
class staterooms, and great numbers of Euro-
pean immigrants crowded the third class facili-
ties. Also, the countries with shores touched by
ocean travel ports, lacked expedient communi-

cations to review, foresee and call for interna-

tional regulations.
Communication by wireless had just emerged.
It was a scant 17 years after Guglielmo Marconi
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discovered an application for Hertzian waves, and
only 15 years following the formation of
“Marconi’s Wireless Company Ltd.” in
Chelmsford, England. The installation of wireless
on ocean-going vessels began in the early 1900s,
but the objective was profit from transmissions of
messages, mainly commercial, to compete with
the established overland wire service already in
place. Thus, the Titanic, as were other ocean lin-
ers, was equipped with Marconi wireless systems
primarily for the commercial handling of mes-
sage traffic. The wireless operator’s responsibil-
ity was to transmit and receive messages known
as “MarconiGrams.” These included stock ex-
change quotations, and business, private and news
messages. Wireless for signaling distress was in-
cidental. The multitude of non-passenger ships
had no reason to be equipped with wireless. The
implementation of wireless as a means of safety
at sea was remote. The absence of regulations
governing both safety at sea and wireless use
contributed to the Titanic disaster.

To understand the role of wireless on the night
of April 14 is to understand the primitive stage of
wireless technology of the period. To begin with,
the generated signal of the spark transmitter was
blunt and broad. The spectrum it occupied was,
for example, all of today’s broadcast band and
then some. The lopsided theory of the period
demanded brute force power for the signal to
reach a magnetic detector or a galena crystal re-
ceiver; these, too, were broad in reception. Selec-
tivity as a specification for receivers and band-
width for transmitters was yet to be an established
criterion. Hence, during close-proximity opera-
tion of stations, whoever hit the air first occupied
almost the entire spectrum, denying others within
close range the ability to communicate unless a
tuned circuit (more of a wave trap) was employed
to minimize the interfering signal.

The precise frequency of the Titanic and
Californian transmitters at the time of the inci-
dent is not known; nevertheless, whatever the
separation, the poor receiver selectivity and the
closeness of the two vessels allowed but one
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transmitter operation. Herein, the lack of regu-
lations, as well as the lack of procedures govern-
ing wireless operators, resulted in the inevitable
blow to the Titanic.

Aboard the Californian, the wireless operator,
Cyril Evans, turned on his wireless to dispose of
his routine traffic. Because of the close proxim-
ity of the two ships, however, the Titanic opera-
tor advised Evans to “shut up” as he was inter-
fering with traffic to Cape Race, a shore station.
Evans complied. Being the lone operator on the
Californian and having worked a long day,
Evans retired for the night — another unfortu-
nate occurrence for the Titanic.

The Californian, just 10 miles from the Ti-
tanic, found itself in the same ice field earlier in
the evening, at 11 p.m. Wisely, the captain of the
Californian had ordered his ship to a halt, pre-
paring to wend its way out in daylight.

The Titanic struck the iceberg at 11:40 p.m.,
less than a minute following its sighting by the
lookout, but the “CQ/D” (General Call/Distress)
was not initiated until 12:15 a.m., 35 minutes later.

The Californian first officer observed white
flares shot into the sky from the Titanic but
unfortunately assumed these to be shooting stars.
He also thought of the possibility that these flares
were part of a celebration aboard the Titanic
because arbitrary discharge of flares, white or
colored, was not regulated. The first officer’s
uncertainty nevertheless prompted him to use the
Morse Light Signal Lamp aimed at the Titanic,
but he received no response.

The Californian did not attempt to send a wire-
less inquiry to the Titanic. Because of this one
failure, the fate of the 1,500 lives was doom. Evans,
the Californian’s wireless operator, had already
retired, and no attempt was made to awaken him to
assume his post at the key of the wireless station.
It was, indeed, one imbroglio after another.

The scene now changes. (For graphic represen-
tation of ship locations, please refer to Figure 1.)
Fifty-eight miles to the southeast of the Titanic
was the Carpathia. The wireless operator, Tho-
mas Cottam, was preparing to retire when, by
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Figure 1. The Titanic, the ice field and nearby ships. Titanic struck iceberg at 11:40 p.m., April 14, 1912;

CQD sent at 12:15 a.m.

chance, he initiated contact with the Titanic to
advise its operator that Marconi station at Cape
Cod was attempting to contact him. The response
from the Titanic was prompt, with an urgent
message naming itself in distress and requesting
aid. The Carpathia turned its course 140 degrees
and headed for the Titanic. Although there were
many ships in the area, including the Frankfurt
140 miles away, that heard the “CQD” and were
racing toward the Titanic, the Carpathia arrived
at the scene first, at 4:15 a.m. On arrival, there
was no Titanic, only emptiness, except for the
lifeboats containing 705 passengers. By 8:30 a.m.,
all survivors were picked up.

One can only imagine the Californian crew’s

despair when in the morning they were told that

the Titanic sank during the night. They were
there, a few miles away, but the last to know.

The details of the Titanic’s sinking are well
documented by the minutes of the inquiries of
both the United States and Great Britain. The
most significant result of the disaster investiga-
tions was the call for an International Radio-
Telegraph Convention to convene in London on
July 5, 1912, for the purpose of establishing
regulations and procedures governing wireless
services aboard ships and ship-to-shore. At-
tended by 65 countries, the convention was a
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Wireless room clock, spring wound, built as a
replica of the original including all the markings.

success. Regulations and procedures were en-
acted, some of which are still in effect today.
Among these is the “SOS” as the universal call
for distress as it was determined to be the sim-
plest form of signaling to replace “CQD.” The
“Q” signals were an outcome of that meeting.

The first conference, “Safety of Life at Sea”
convened in London on Nov. 12, 1913 and was
attended by 65 countries. This conference was
the turning point of communications as we know
it today. Sweeping regulations were put into
effect governing all ships at sea, whether motor-
propelled or wind-propelled. Ocean-going ships
carrying passengers to foreign ports were man-
dated to be fitted with a wireless installation.
Further, the wireless station was to be manned
24 hours a day. The wireless room became the
focal point on board all vessels having to abide
by all the new rules, regulations and laws, estab-
lishing safety of the ship and passengers as the
first priority. This was a departure of wireless
from its previous role as mainly a dispatcher of
commercial traffic for profit. The value of wire-
less on board was now self-evident.

10 eFawL 1997

Replicas of motion picture cameras of 1912 vintage.
They were used in several scenes, filming
passengers prior to boarding the Titanic.

The “Safety of Life at Sea” conference was
concluded Jan. 20, 1914. It was determined that
all countries having ocean-going vessels were
culpable for inadequate safety regulations on its
vessels. The conference emphasized the neces-
sity for a united action to revise the old laws and
adapt them to the new conditions. The benefit of
these new regulations apply to this day. This
conference ended the “free-for-all”’period on the
high seas. Regulations were made concerning
the number of lifeboats required on board, life
jackets, procedures, and officer and crew respon-
sibility. It was agreed, too, that three ships from
the United States and England would be dis-
patched to the North Atlantic to serve as an ice
patrol to advise other ships by wireless of ice-
berg locations. On-board lighting was also part
of the overhaul. Morse Light and other signaling
methods, including rules governing the discharge
of flares, were revamped.




There might not have been any loss of life if
the Titanic had not been operating by the archaic
regulations established in 1894. Although the ship
was certified to carry 3,500 passengers and crew,
the lifeboat capacity on board was for 1,200. In
accordance with England’s old Board of Trade
Regulations, the Titanic was indeed in compli-
ance with the required number of lifeboats. The
rules set forth 18 years earlier stated, “Sixteen
lifeboats shall be carried for ships 10,000 tons
and over.” The Titanic was a 46,000-ton vessel!
The number of lifeboats was determined by ton-
nage, not by number of passengers. The Titanic’s
16 lifeboats and four rafts were barely capable of
supporting 705 passengers. One of the lifeboats
capsized during its launching, causing those who
occupied it to lose their lives.

Although the Titanic was magnificent in con-
struction, referred to as a floating castle, the in-
vestigation of the Titanic tragedy revealed a great
number of inadequacies. These included improper
bulkhead design, navigation judgment errors, lack
of emergency procedures, an improperly trained
crew and a host of other acts of negligence.

In all its bungling, the Titanic and its 1,500
passengers lost at sea became the catalyst for the
examination, re-evaluation and the implementa-

tion of new marine regulations. It has been more

than 85 years since the tragedy of the Titanic,
yet we continue to rejoice in 705 lives saved.

Marconi’s Inquiry
Guglielmo Marconi promptly went to the dock
to greet the arriving survivors on the Carpathia
and to interrogate his employee, Harold Bride,
the wireless operator. It was but a few days later
that the survivors presented Marconi a solid gold
medal, in gratitude for his wireless installation
on board the Titanic, which is credited for sav-
ing their lives. Without wireless on board, all
2,200 passengers might have perished, leaving
behind a terrible mystery to haunt us forever.
A tragedy can sometimes give birth to a
greater acclamation that possibly would never
occur otherwise. This is the legacy of the Titanic

disaster. The news of the Titanic was closely
followed by everyone. What better projection of
the word “wireless” could there be, as the news
media carried the disaster story day after day
for months? The mystique of the word “wire-
less” gave birth to a new generation of operator
aspirants, together with need for accelerated
manufacture of wireless equipment to meet the
demands for ship and shore installations.

Marconi recognized the need for operator
training and established Marconi Wireless
Schools throughout the world, including in the
United States. The new regulations requiring
wireless on board all ocean-going vessels made
it necessary for Marconi to step up production to
meet the need. In Oct. 1912, Hugo Gernsback
also grasped the opportunity to be a wireless
supplier and formed the Electro Importing Com-
pany on Fulton Street, New York City, mailing
out 200-page catalogs. Lower Manhattan devel-
oped into the mecca of wireless manufacturing
companies and supply houses. The radio ama-
teur, already experienced in wireless, greeted a
new flock of enthusiasts eager to join this elite
group of pioneers, thereby further expanding the
user market. The advent of the vacuum tube,
201A, developed a few years later, justified the
sophisticated term “radio.”

The tragedy of the Titanic, occurring when it
did during a period of slow growth of a new
industry, was responsible for the jump start of
the wireless, radio and electronics industry that
today provides the greatest number of jobs in the
history of civilization.
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The Father of the
Police Radio

About two-and-a-half years ago, while trav-
eling around the country in search of a 1941
Ford Connecticut State Police car featured on
the cover of the Saturday Evening Post 50
years ago, I happened upon several new
friends. All are great people from various
walks of life, but none is so interesting as a
man who shares his year of birth with the Con-
necticut State Patrol (CSP),
the first state police depart-
ment in the country.

For the first two years of
friendship, we knew each
other personally only by our
voices on the phone and a
quick hello on a Christmas [
card. I learned a lot about
him from others and from
books and magazine articles
at the library. He is not only

‘my friend but the friend of
every police officer, soldier,
fireman, explorer, pilot,

ever relied on the two-way
radio for assistance. He has many titles. “Fa-
ther of Land Mobile Radio” and “Father of the
Police Radio” are the two most noteworthy.
At age 92, Fred Link still refers to the gift he
gave to the CSP as “my baby.” His baby is now
56 years old. It has grown up and has had many
offspring of its own, but when I last checked,

you could see most of great grandfather’s char-
acteristics in today’s youngsters. Several origi-
nal family members still reside in Connecticut.
The last one (a radio tower) I visited stood
proudly at the top of Chestnut Hill Road in
Killingworth, CT, where nothing has changed
during the last half-century.

The first child was given its name eight
months before delivery, on
March 7, 1940, by the Fed-
eral Communications
Commission (FCC). The
name was WI1XTJ. The
father listed on the certifi-
cate is F.M. Link, and the
scheduled delivery date
was Nov. 7, 1940, in Hart-
ford, CT.

The FCC prescribed
only that the baby not in-
terfere with other fre-
quency families that lived

. Fred Link tests out the radio outside of in Hartfords surroundings.
sailor and everyone who has  Ruthskeller Pub, Frenchtown, NJ.

The baby was small in
comparison to those today,
only being 25 watts.

WI1XTJ grew up fast. Within a year of its
birth it had 10 brothers and sisters. They are all
relatives of the family we know today with the
surname of KCA782. All of the family has re-
mained healthy, except for a new transmitter or
two. Their tower heights have shrunk, and they
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have become more sophisticated, but they still
have an active career.

In the first minute of the first conversation I
had with Fred, he made it quite clear how proud
he was to have his first “baby” in Connecticut.
The next hour was spent praising the baby’s
mother, former Commissioner Edward J. Hickey
and the Connecticut State Police.

Over the years, Fred has returned to Connecti-
cut to visit his extended family on many occa-
sions. One of his fondest recent memories was
the dedication in 1987 of a bronze plaque at 100
Washington St. that reads “A major advance in
police radio occurred in 1940, when the Con-
necticut State police begain operating a two-
way, frequency modulated (FM) system in Hart-
ford. The statewide system developed by Daniel
E. Noble of the University of Connecticut, and
engineers at the Fred M. Link Company greatly
reduced static, the major problem of the AM
system. FM mobile radio became standard
throughout the country following the success of
the Connecticut system.”

Fred has been eager to return again to Con-
necticut, and I have been eager to visit his farm
in Pittstown, NJ. Because of his health, it made
more sense for me to bring Connecticut to Robin
Hill Farm than for Fred to venture north. On a
beautiful day in January 1997, I transferred the
Link radio from the trunk of the 1941 cruiser
and headed to New Jersey.

Robin Hill Farm is a large horse farm where
Fred and his wife, Mildred, have lived since
1960. It is a western New Jersey town near the
Pennsylvania line. The countryside of rolling
hills, small villages and farms is much like east-
ern Connecticut. Fred has been having some
difficulty getting around lately, and finds things
easier at the nearby Valley View Manor.

Upon arrival at Robin Hill, I was given a tour
of the grounds by Frank, the farm manager.
Besides keeping their own horses and boarding
several others, the Links rescue horses destined
for the slaughterhouse. Inside the comfortable
ranch house, one is quick to realize that it is the

14 eFaiL 1997

home of someone special. Congratulatory trib-
utes and letters of praise from several U.S. presi-
dents blanket the walls. Certificates of accom-
plishments and lifetime achievement plaques are
visible from any point. This is the home of the
man whose powerful amateur short-wave sta-
tion, W2ALU, made history in maintaining ra-
dio contact with Admiral Byrd as he explored
the South Pole. It is the home of a man, who
along with John B. Knight, constructed the first
TV transmitter ever to air a scheduled program.
This man’s radio equipment was largely respon-
sible for the Allied success in the second World
War. This is the home of a citizen who three
times returned from retirement to assist his coun-
try and the radio industry. This is the home of
the man best known as the “Father of the Police
Radio.”

Valley View Manor is down Cook’s Cross
Road from Robin Hill Farm. Mildred and I were
driven the short distance by Carlos Hudson, the
Links’ good friend who was visiting from
Mexico. Everyone at Valley View was eagerly
awaiting our arrival — none more so than Fred.
I was thankful that I had remembered to transfer
the radio into the trunk of Carlos’ car because
everyone wanted to see the “radio that Fred
built.” Despite having to cope with the typical
problems of age, Fred smiled from ear to ear as
I set up the three units that constitute the trunk-
mounted radio in the social hall. The staff was
most impressed in learning how Fred’s radio
revolutionized the industry and was a major fac-
tor in winning many battles of the second World
War. Here, 50 years after the war, Fred was
standing shoulder to shoulder with veterans who
owed their lives to the Link radio and Fred Link.

Over lunch at the Rathskeller Pub in
Frenchtown, NJ, Fred, Mildred and Carlos out-
lined Fred’s career and the history of the FM
two-way radio. Fred had a keen interest in elec-
tronics and radio from an early age. He first
obtained his radio license at age 14, with the call
letters “3BVA,” while in pursuit of a Boy Scout
merit badge.




Fred Link at Valley View Manor with radio.

Two-way radio communications had been
around since the early ’20s, but it was unreli-
able, restricted to short distances and subject to
automobile ignition noise and atmospheric static
interference. It used AM (amplitude modula-
tion), which is radically different from FM (fre-
quency modulation). In the mid *30s, Maj.
Edwin Howard Armstrong of the U.S. Army
Signal Corps had developed a new theory in
radio transmissions that would eliminate static.
Static was a problem that had been wrestled with
since the days of Thomas Edison, and it was
believed by most at that time to be incurable.

Prof. Daniel E. Noble of the Connecticut State
College (now the University of Connecticut, or
UCONN) set out to prove Armstrong’s theory to
be valid. At about the same time (1938), the
Connecticut General Assembly, at the request of
Commissioner Hickey, appropriated $120,000
for a state police radio system. Nothing was
mentioned as to what type of equipment should
be used, or how the system should function. The
Big Three in radio transmitters, Galvin Manu-
facturing (shortly after to be renamed Motorola),
RCA and General Electric were thinking of pro-
posing a one-way AM system with a limited two-
way system in hopes of winning the Connecticut
contract.

Noble and Armstrong were confident that the

Original Link Tower on Chestnut Hill Road,
Killingworth, CT.

two-way FM statewide system could be a suc-
cess if given a chance. They turned their atten-
tion to Fred Budelman of Link Radio, who had
some insight about FM from what he had read
and from what he knew about the two engineers,
Noble and Armstrong. The three collaborated
and convinced Col. Hickey that, given the
chance, they could surpass anything imaginable
in the world of two-way radio communications.
Link was in hot pursuit of the Big Three.

For the next 12 months, Link employees
battled technical radio problems in their New
York City loft factory. (Incidentally, the loft was
shared by Bill Lear of the aviation industry, who,
with Fred, was experimenting with a radio trans-
mitter that could fit into a small aircraft instru-
ment panel.)

John Balint was an early and long-time em-
ployee of Link. He is credited with coining the
term “squelch” during the testing of the Con-
necticut radio. Because of FM radio mechan-
ics, there is a continuous intercarrier noise of
hiss. Previous two-way radios only had two
controls — on-off and volume. “Volume” and
“on-off” are words small enough to engrave over
a knob, but not “intercarrier noise control.” At a
meeting called to tackle this problem, it was
Balint who suggested “squelch.” Although Link
is proud of his radio, Balint is proud of naming
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the squelch and of other contributions he made
to this radio.

As the glitches were being worked out in the
New York loft and on the Storrs campus, men
and machinery were at work on Avon Mountain,
CT. There, it was decided, was the highest cen-
trally located point in the Station “H” area suit-
able for a tower. A small structure to house a
transmitter was built, and the telephone com-
pany connected it with lines to the third floor of
the new headquarters at 100 Washington St.,
Hartford, CT.

A 1939 Ford Tudor was chosen as the surro-
gate mother. As in every other aspect of police
work, the cop on the beat had an important part
to play in getting this new technology from the
drawing board to the streets. Trooper Edward
Sheeler is one of the many unsung heroes when
it comes to the radio development. He logged
more than 20,000 miles in survey activities. Hour
after hour, day after day, W1XT]J traveled about
Hartford county giving its location to HQ. It was
apparent from the first day that the Connecticut
Department of State Police had a healthy child.

As the days passed, W1XTJ wandered one
mile at a time farther from HQ. It made its way
to Danielson and Westport, Canaan and Groton.
It is said that Hickey spent most of his time on
the third floor and became uneasy when the “kid”
did not answer quickly. When the colonel was
addressed on the radio, he chose a simple title,
“1HQ.” The engineers and department heads left
no stone unturned in their testing of the new
radio. Commissioner Hickey wrote in the Janu-
ary 1941 issue of FM magazine that “the results
obtained were successful beyond our highest ex-
pectations, as complete two-way coverage was
secured over the entire Hartford patrol area,
which in some instances, involved a talk-back
range of 25 miles.”

An important factor of the system was the
overlapping of service by each station. If one
station could not receive or transmit to a mobile
unit, in most cases another station could. Or if
one station failed completely, other stations

16 eFaLL 1997

could take over the duties. The system also made
it possible for a mobile unit to become a tempo-
rary base if necessary.

F.M. Link Radio Company, in the meantime,
had begun production of additional units, which
were immediately installed in Hartford patrol
vehicles as the units became available. Just as
quickly as the experiment proved a success, the
FCC authorized Connecticut to continue on to
the next phase. Towers began springing up all
over the state. The so-called assembly line was
located on the fourth floor of 125 West 17th St.,
the loft shared with Lear. Up to this point, Link
Radio was primarily involved in the manufac-
turing of AM police radio receivers, using rights
and tooling owned by American Bosch, a sub-
sidiary of the German company, Robert Bosch.
Link said that he purchased American Bosch
with the encouragement of the U.S. govern-
ment, which was nervous about German owner-
ship of American radio manufacturing facilities
after World War 1. The network of distributors
that came with American Bosch and its affilia-
tion with Graybar helped Link Radio to expand.

Nevertheless, it was in the midst of the De-
pression, and business was slow. Link had to
send his people out to find home radio repair
jobs to keep the company afloat. Balint was
Link’s 13th employee when he joined the com-
pany just prior to the Connecticut job. Radios
were wired by hand, one at a time. Besides be-
coming friends with Link, I’ve had several fun-
filled and interesting years chatting with and
meeting such important radio pioneers as Balint.

He remembers well the enthusiasm on
West 17th St. following the Connecticut ex-
periment — “Jubilation.” Lear had just made a
bigger name for himself also and was moving
his operation out of the city. That gave Link the
entire fourth floor for the Connecticut project
and several military projects that had developed.
As soon as the last orders for AM sets were
filled, Link Company employees immediately
began work on the new FM sets for other Con-
necticut stations. At first they could put out about




20 sets a week, the same as before with AM.
Connecticut needed 225 mobile units and 10
base stations. Meanwhile, back in Connecticut,
it was decided to put each station on line, one by
one. The Beacon Falls station was about to move
to a new home in Bethany, and seeing that the
nearby ridge on Peck Hill was the most suitable
place for a tower, Station “I” was the next off-
spring.

It is the opinion of retired CSP Lt. Angelo
Buffa, who graduated from the patrol’s academy
in 1938, that the two-way radio was the greatest

improvement ever made for both the department

and the men. “First of all, the radio got us off the
motorcycles and into the patrol cars,” Buffa said
in a January 1997 interview.

“In the patrol car, the radio was like having a
partner. It was a link to the troops. It has saved
many a life over the years,” he said. Buffa has
only praise for Hickey in this and other advance-
ments the department made during his watch.

As Balint wrote in his Spring 1996 Proceed-
ings article, “Squelch”: “Good news travels al-
most as fast as bad news, so in the spring of
1940, we received a visit from a captain in the
one and only ‘mechanized cavalry’ division,
later to become the ‘First Armored Division’...
He had heard about the Connecticut state project
and wondered if the FM sets would do better
than the AM sets in tanks.” Captain Williams
had $3,000 in his maintenance budget and was
to be competing in maneuvers (in Kentucky) in
two months. He needed radios that could fit in
place of one ammunition rack on six tanks that
would be in that competition. The “cavalry” was
bringing six tanks to Madison Square Garden
for a horse show in a few weeks, and it Williams
hoped that Link could accommodate him. Find-
ing a front row seat for Hickey at the Garden
would surely guarantee six Connecticut sets to
be pulled off the assembly line, modified slightly
and made ready for the mechanized cavalry.
What went in the tanks at the horse show was a
best-kept secret. The story goes that the tank
crews remained in the tanks to become accus-

tomed to the new radios even as they made their
way south by freight train. Budelman, chief
engineer of Link Radio, was dispatched to ren-
dezvous with a base station, probably the one
intended for Bethany barracks. He realized after
arriving in the “war zone” that he had forgotten
his tuning tool, and he had to improvise using a
mess knife. After “extensive” communication
training at the horse show and on the southbound
freight train, Williams® division was ready to
meet the enemy. His tanks literally ran circles
around the other units and won the war games.

The high caliber of Williams’ division should
not be underestimated; however, the captain
gave all the credit to the superior form of com-
munications his tanks possessed. The U.S.
military realized it was about one year behind
Hickey’s Connecticut troops in communications,
which resulted in a major shakeup. Williams was
promoted to major (and later colonel), and as a
result of his foresight, the military was better
prepared for what the country would be facing
the following year. In the fall of that year, the
mechanized cavalry converted to an armored
corps of two armored divisions and a separate
tank battalion. The recommendation was made
that the cavalry be equipped with new FM radios
such as those being used by the CSP. Just as the
two crystal-controlled channels used in the pa-
trol cars could be switched, the same switch
could be used between the battalion and com-
pany frequencies.

Three weeks after the attack on Pearl Harbor,
a tank battalion with these radios was sent to the
Philippines for use by forces under Gen.
MacArthur’s command. These were the first FM
radios ever used in combat and were stamped
“Fred Link Radio Co., New York City.” (“Pro-
file,” Communications magazine, September
1983.) It was an uncommon practice to include
manufacturer identification on military equip-
ment. Because of the urgency, the radios were
pulled from the manufacturer (Link) and imme-
diately installed. The Link logo and name can be
seen on a battlefield unit pictured in From Tom
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Tom to Electron, a book published by Link Radio
in 1950.

- Link went on to develop other revolutionary
radio equipment for the military. Ironically, Col.
Williams was the first to use the Link ANTRAC
(short for Army-Navy transmitter and receiver
combination) radio at the U.S. First Army’s sig-
nal officer on D-Day in Normandy. The first-of-
its-kind equipment allowed radio communica-
tions from beach command posts to be relayed
to, or from, any phone in England. As in
Normandy, it continued to be a vital weapon for
Allied victories during the Battle of the Bulge
and future encounters as the troops pushed across
Europe.

As was reported in the November 1987 Pro-
ceedings article, “Land-Mobile Radio Mile-
stones,” page 11: “All of this grew out of the
pioneering use of FM radio by the Connecticut
State Police, the courage of Commissioner Ed-
ward Hickey, the foresight of Professor Noble,
and the capabilities of Fred M. Link, his chief
engineer Fred Budelman, and the personnel of
Link Radio Company.”

Meanwhile, on 17th St., the entire fourth
floor had been taken over by F.M. Link. The
state police and highway patrol departments
from Ohio, Maryland and North Carolina had
dispatched representatives to Connecticut to
check on the new child for themselves. Orders
for new radios quickly followed those inspec-
tions, and the Link company had to expand
again, taking over the third floor, then the sec-
ond, and then started climbing up from the fifth.
In 1943, Fred Link purchased the eight-story
building, and it became known as the Link
Building.

As the four of us chatted over lunch, it be-
came obvious to Fred, Mildred and Carlos that
I was looking for the whole story behind the
Link radio, and that I was not there merely to
pay tribute to a great guy. After returning to
Robin Hill Farm, we sat down in Fred’s library
and looked at old pictures and researched books
regarding the radio. Mildred scribbled down
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names and phone numbers of other important
people. One such person was Gaetano J. “Tom”
Amoscato, a president emeritus of the club, who
was Fred’s Connecticut representative for many
years. With his help, with help from others and
with material from Fred himself, I put together
this history of police radio. Up until the 1930s,
AM radio was primarily used for broadcasting
entertainment. In 1935, a group of police depart-
ments throughout the country formed the Asso-
ciated Police Communications Officers associa-
tion (APCO) to give police departments a col-
lective voice before the FCC when lobbying for
more frequencies specifically for police. In the
1992 book about Motorola Service Stations,
Critical Connection, written by Kathi Ann
Brown and published by Motorola University
Press, the author writes: “...[P]olice departments
weren’t the only ones waking up to the potential
of non-commercial radio.” Galvin Manufactur-
ing “found itself sharing the market with several
brand name competitors — General Electric,
RCA, Federal and the talented Fred M. Link of
Link Radio.” Galvin’s first FM set was intro-
duced about one year after Link’s.

Motorola had problems from the day that first
set rolled off the assembly line, but not with the
equipment. Noble had left his college position in
Connecticut to spearhead Motorola’s drive into
the FM two-way radio field. “He transformed
Motorola’s product line almost overnight,” said
Paul M. Galvin, Motorola’s founder in Critical
Connection. The problem was that Galvin’s cus-
tomers were dissatisfied with the service they
were getting. Galvin turned to Fred Link for an-
swers. Critical Connection quotes Link as say-
ing that Galvin said to him, “Look, we’re doing
something wrong. If you, with your limited fi-
nancing and a one-man show, can drive my
people in the field crazy to compete against you,
what are we doing wrong?”’

Fred said he told Galvin that Link Radio only
sold radio equipment to customers who had li-
censed technicians on hand to service it. In Con-
necticut, those technicians were led by Sydney




Warner, the CSP’s radio supervisor. After con-
sulting with Link, Galvin quickly called together
his top management and followed Link’s advice.

He instructed them to sell only to customers who

had a high-level maintenance team in place. That
says a lot for Fred and his love for the industry.
Although making a living was important, his
every move was made to ensure that the industry
went ahead even if it were to the benefit of his
competitor.

Competition became greater after the War,
and Fred realized that he could do more for the
industry and his country in the consulting field.
The words and stories above give an account of
Fred’s first 50 years as “Father of the Police
Radio” and his “Connecticut Baby.” The story
of his second 50 years in radio is equally aston-
ishing, but it will have to wait for another day.

Several years after reading Critical Connec-
tion, Fred dropped a note to a friend, a note that
I believe best states Fred’s feelings over the
years, pride. As Fred wrote, “Frankly, when I
first saw this book, I was flabbergasted by the
praise the Galvins gave me...as being the fore-
most competition they were forced to try to
beat...I hope this book will make a lot of my
friends understand a lot more about my status in
this industry...” '

Yes, it did, Fred.
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Plague Dedication
to Fred Link

Fred M. Link, president emeritus, was hon-
ored in Middletown, CT, on May 19, 1997, and
a ceremony was conducted to rededicate a plaque
sponsored by the Institute of Electrical and Elec-
tronics Engineers (IEEE).

Rededication ceremony

The plaque recognizes the 1940 statewide,
two-way FM police radio system developed by
Daniel E. Noble of the University of Connecti-
cut and engineers of the Fred M. Link Company,
New York. '

The plaque originally had been dedicated on
June 25, 1987 at State Police Headquarters in
Hartford, CT. Relocated to the Department of
Public Safety headquarters in Middletown, the
plaque has been mounted on a stone monument
donated by the Connecticut State Police Acad-
emy Alumni Association. It reads:

ELECTRICAL ENGINEERING MILESTONE—
FM PoLicE Rapio COMMUNICATION

A MAJOR ADVANCE IN POLICE RADIO OCCURRED IN
1940, wHEN THE CONNECTICUT STATE POLICE BE-
GAN OPERATING A TWO-WAY, FREQUENCY-MODULATED
(FM) sysTEM IN HARTFORD. THE STATEWIDE SYSTEM
DEVELOPED BY DANIEL E. NOBLE OF THE UNIVER-
SITY OF CONNECTICUT AND ENGINEERS AT THE FRED
M. LINk COMPANY GREATLY REDUCED STATIC, THE

MAJOR PROBLEM OF THE AMPLITUDE-MODULATED
(AM) sysTEMS. FM MOBILE RADIO BECAME STAN-
DARD THROUGHOUT THE COUNTRY FOLLOWING THE
SUCCESS OF THE CONNECTICUT SYSTEM.

Lt. Col. Matthew Tyszka, commanding of-
ficer of the State Police Office of Administrative
Services, conducted the rededication and the

Don

A close-up of the IEEE milestone plaque at the
entrance to the Connecticut Department of Public
Safety headquarters in Middletown.
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ceremony to honor Link.

He explained that the
Connecticut General As-
sembly had appropriated
- $120,000 in 1939 to estab-
lish a radio system for the
state police. Because it
used a new technology,
two-way FM radio, it was
the first of its kind in the
world. “Connecticut be-
came the pioneer in the use
of FM two-way radio for
public safety communica-
tions,” Tyszka said. “Al-
though the hardware for our
system has been replaced
several times over the years,
the same lowband FM tech-
nology and system configu-
ration is still being used by
us today.”

“Lowband” refers to the
30-50 MHz range, the
lower part of the “very
high frequency” or VHF
band. In the 1930s, these
frequencies were known as
“ultra-high frequency” or
UHF. At the time, making
equipment work reliably
at those frequencies was
no small challenge, and it
depended in part on the
use of crystal-controlled
transmitters and receivers.

In 1940, the state police
had 290 troopers who an-
swered 15,000 calls for
service. “Today, we have
1,000 troopers who re-
spond to more than
500,000 incidents every
year using the very same
radio system,” Tyszka said.
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Posing in front of the Connecticut Department of Public Safety building in
Middletown are, from left, State Police Lt. Col. Matthew Tyszka; Carlos
Hudson; Joanne Link Sotres; John E. Balint; J. Dean Hammond; Raymond
C. Trott, PE.; and Don Bishop. All except Sotres and Hammond are Radio
Club members.

The trunk of a 1941 Ford sedan that J. Dean Hammond restored to duplicate
a 1945-era state patrol vehicle includes trunk-mounted Link Radio equipment
that is in operating condition on the Connecticut State Police VHF frequency
that has been in use since 1939.




compartment of the 1941 Ford sedan shows only a radio control
head and a handset.

With the radio equipment hidden in the trunk, the passenger

Police will once again become a pio-
neer in the telecommunications indus-
try by integrating all these marvels into
one seamless system.”

CTS is expected to benefit the pub-
lic with more efficient service. More
importantly, state troopers will be safer
and better equipped to fight the mod-
ern criminal, assist the public and in-
crease their patrol time, Tyszka ex-
plained. “They will be confident that
their calls for assistance will be heard.”

Squelch

The IEEE plaque mentions how FM
helps to overcome static. FM receivers
are quiet when they pick up a signal,
also known as a carrier. Unfortunately,
they are noisy when the signal stops
unless a circuit is used to block the
noise. At first, the noise was known as
intercarrier noise, denoting the noise
heard when one unit stops transmitting
and before the next one starts.

Col. Tyszka recognized a member of
the audience, John E. Balint, and
pointed out that it was Balint, as the
Link company’s receiver engineer, who
devised the circuit that stops intercarrier
noise. Because “intercarrier noise” is
too long of a name to stencil onto a

A state patrol vehicle in use in 1997 has much more electronic radi.o Pan?l next to the control knob,
equipment on the console in the passenger compartment, Balint coined the word “squelch” to
including radio controls and microphones, radar controls and signify the circuit. “All of us who use

a cellular handset.

The Connecticut Telecommunications System
(CTS), consisting in part of a microwave net-
work that is mostly built and a trunked radio
communications system that is yet to be put out
for bid, will replace the lowband VHF radio
system. “Inventions such as digital voice, chan-
nel trunking, simulcasting and mobile comput-
ers were not even dreamed of by engineers in
1940,” Tyszka said. “The Connecticut State

the radios owe a debt of gratitude to

John Balint for saving us the strain of
listening to noise between transmissions on the
FM radios,” Tyszka said.

Honoring Link

Tyszka handed a plaque to Joanne Link
Sotres, Link’s daughter, for her to present to
Link “on behalf of the men and women of the
Connecticut State Police.” Link was unable to
attend.
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These vehicles represent steps in communications progress. At the left, the 1945-era
police vehicle. In the middle, a modern state police patrol vehicle. At the right, one of
two disaster recover vehicles designed to restore communications breakdowns
resulting from man-made or natural disasters.

The plaque reads:

PRESENTED BY THE CONNECTICUT STATE POLICE

MR. Frep LNk

IN HONOR OF HIS OUSTANDING CONTRIBUTION TO
THE SAFETY AND EFFICIENCY OF THE TROOPERS OF
ConnNecticuT IN 1940. HE PIONEERED AND DEVEL-
OPED THE FIRST LAW ENFORCEMENT MOBILE F.M.
TWO-WAY RADIO SYSTEM IN THE WORLD FOR THE
ConNEcTICUT STATE POLICE.

PRESENTED THIS 19TH DAY OF MAY, 1997

Sotres said the following:

“I want to thank everyone, first of all, on
behalf of my father, who would have very much
enjoyed seeing everyone here.

“The next thing I want to do is, just for a
moment, to take you back — you’re talking
about 1940. I was six years old. I remember my
father, bounding up the stairs, three at a time. I
remember Carmen Cavalero every Sunday on
the record player. I remember also that the
minute you said dinner was ready, he disap-
peared into some place that no one ever found,
and he did that up to the recent time.
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“As far as his being a father — I had half a
father. This was not due to communication. It
wasn’t because he was dedicated and he wasn’t
being a good family man or something.

“He was a mutant. He had a Phillips-head
screwdriver in one hand, all the time. He was a
half-person. You only saw legs, sticking out
behind a television set. Because we didn’t watch
television. He, of course, was involved in televi-
sion as well as mobile communications. We
didn’t watch television. We adjusted television.
That meant he got behind the television set with
his Phillips-head screwdriver, and we sat in front
and told him when it was okay. It was never
okay for long.

“The other thing was, families like to say, ‘Oh,
they’re close; they’re together.” That wasn’t the
way it was in my family. In my family, you were
handed what they called a walkie-talkie, and you
were told to go as far away as you could, while
you could still hear it. That’s how we spent the
afternoons on Sunday. And we played a little
softball, too.

“Basically, our lives were taken up with
some form of communication and some form




of electronics. It’s an experience
that I wouldn’t trade for the world,”
Sotres concluded.

Speaking on behalf of the Radio
Club of America, Raymond C.
Trott, P.E., its president, gave the
following remarks:

“It is indeed an honor for me as
president of the Radio Club of
America to speak at this dedication
to Fred Link.

“This recognition of Fred’s con-
tributions is not only to the public
safety mobile radio industry, but
also for his and Dan Noble’s assis-
tance in helping the State of Con-
necticut become a leader in two-

way mobile communications in
1940.

today,” Trott concluded.

Other guests

Tyszka acknowledged several
other guests in the audience. Among
them were Connecticut State Rep-
resentative Linda Orange, who
serves on the legislature’s public
safety committee. Also in atten-
dance was Deputy Commissioner
George Luther of the Police and
Fire Division of the Public Safety
Commission. Raymond Mini-
chiello, P.E., came to the dedica-
tion as chairman of the Guglielmo
Marconi Foundation of Bedford,
NH, and gave Tyszka a plaque for
the State of Connecticut that rep-
resents the foundation’s Pioneer

“As president of the Radio Club Joanne Link Sotres, Fred Award. I attended the dedication

of America, I would like to pay
tribute to the man who, as presi- Link.

dent of the Radio Club of America

for nearly a quarter of a century, helped make
the organization the foremost communications
society in the world.

“You may not know that the State of Con-
necticut had a part in the early days of radio,
back in the pioneering days. In 1921, six or seven
members of the Radio Club of America built a
transmitter that made the first transatlantic radio
message, which took place from Greenwich,
Connecticut, to Scotland. There is still a plaque
down in Greenwich, a marker, which commemo-
rates the event.

“Today, the state still is acknowledging the
importance of statewide communications by forg-
ing ahead with state-of-the-art technology which
will improve the reliability of their communica-
tions, add many efficient operational features and,
most importantly, increase the safety of the field
officers and the people of Connecticut.

“Thank you, State of Connecticut, Fred Link
and Dan Noble, for taking the reins in the devel-
- opment of public safety radio as we know it

Link’s daughter, with the ) ) ]
plaque to be presented to Iepresenting the Radio Club in my

role as a director and as editor of
the Proceeedings, and also as edi-
torial director of Mobile Radio Technology.

Equipment display

A tabletop display of early state police radio
communications equipment just inside the front
door of the headquarters building gave visitors a
chance to see part of the evolution of the tech-
nology. Robert DiBella assembled the display.
He used equipment from his own collection, with
the exception of the Link radio equipment, which
is owned by the state police. Included is the first
public safety hand-held radio purchased in the
state of Connecticut in 1967. DiBella made the
purchase for the state and now owns the unit. He
also acted as an assistant to Tyszka in making
the arrangements for the dedication.

In the parking lot were three vehicles repre-
senting additional steps in the communications
evolution.

Retired state trooper J. Dean Hammond

Continued on page 49
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Historic Connections

What Nuclear Science Owes to Arc Transmitter Technology

The San Francisco Peninsula (Silicon Valley)
is well-known to all who have or have had an
interest in things electronic and nuclear. One of
the joys available occasionally to a historian is
the discovery of a special connection, one that
can be presented in narrative style and that re-
veals some of the characteristics of the momen-
tous cooperation between two scientists. Two
men figure prominently in this story. They are

w
-

Dr. Leonard Fuller and Dr. Ernest O. Lawrence,
and their story begins in the early part of the
century, around 1918.

VLF radio propagation was used successfully
in the application of radio for commercial use. It
had surpassed what had been used commonly by
the news media and for regular business tele-
grams — the wired telegraph systems. Several
transmitter types were in use, however. All were

successful, but only one

has a bearing on this story
— the arc transmitter.

12

The only U.S.-licensed
builder of the “Poulsen
Arc,” the Federal Tele-

graph Co., was based in
Palo Alto, CA. Leonard
Fuller was chief engineer
from 1912 until June

Flux Density, Kilogauss

1919, when he accepted an
unsolicited offer from
Ohio Insulator Co. His
duty was to be assistant
manager. Fuller was not
interested in administering

to what Federal Telegraph
had become — a message-

0 5 10 15 20
Excltation, Oersteds

Magnetization Curve, Cast Steel

| handling organization, al-
30 38 . .
beit a worldwide message-
handling organization.
Arc transmitter devel-

Figure 1. Magnetization curve for cast steel. All the arcs and the Lawrence opment had come to a halt.

36-inch cyclotron are composed of cast steel.

The future was to be in
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high-vacuum tube technology. In either case,
high-voltage RF insulators had to be developed
to accommodate state-of-the-art high-power
‘transmitters. A few years later, high-voltage
60 Hz insulator development would be required,
too. Arc transmitters, by the way, were operat-
ing at megawatt power levels at the time of
World War 1.

When the war terminated in 1918, one of its
consequences was the subsequent termination of
a military contract with Federal to equip both
ends of a communications channel with the AEF
(American Expeditionary Force) in France. Ac-
cordingly, four sets of cast-steel magnetic com-
ponents were built. Two were shipped to France
as complete transmitters, and two sets were
stored on company property in Palo Alto. Those
would have become necessary parts of the two-
transmitter arc station projected for North Caro-
lina, the U.S. end of the Bordeaux circuit.!

Arc transmitters require a magnetic field,
which is necessary for the physical behavior of
the arc. In order for the transmitter to function
properly, the arc must be extinguished within
each and every RF cycle. During each hiatus, a

magnetic field “blows out” (removes) the re-
sidual ions from the gap. The higher the power,
the higher the magnetic flux requirement. Higher
frequencies also require higher magnetic flux.
Figure 1 shows that the saturation flux for steel
is about 16 kilogauss. The flux required for
operation at shorter wavelengths, say at 10 km,
was close to cast-steel magnetic saturation. Steel
is quite permeable; even ALNICO-5 saturates at
20 kilogauss.

The station (named “Lafayette” and with the
call sign LY) at the Bordeaux end of the circuit
was nearly complete at the armistice. The U.S.
government then canceled the contract, and the
arcs were scheduled for disposal. The French
were interested in having the station completed
for their own use, and the U.S. Navy became the
prime contractor for finishing the station. It was
finished in December 1920.

The antenna was supported by eight 860-foot
high triangular self-supporting steel towers, each
only slightly shorter than the Eiffel Tower, than
the tallest man-made structure in the world. It
produced receivable signals out to a distance of
12,000 miles — halfway around the world. VLF

antennas require vertical

= polarization, which is ac-
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> equipped with huge top
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The transmitters oper-
ated until the early days of
World War II. The only
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Figure 2. Arc transmitter characteristics, kerosene, at a wavelength of 12,100 reason for the “hurry up”

meters.
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in 1918-1920 was that, although the French
would rather have installed an alternator of their
own design, it was not ready yet. The arcs oper-
ated at an input of 1,000 kW — many times the
power of any other type of transmitter.

Arc transmitters exhibited an intrinsic effi-
ciency of exactly 50%, so the Bordeaux trans-
mitters emitted 500 kW. They were the most
powerful transmitters in the world until the
Malabar (Java) arc transmitter came on-line a
few years later. It operated at an input of 2,400
kW, and was built by the Dutch. It operated until
the mid-1920s. The only transmitter design ca-
pable of such power levels was that of the arc,
and it remained true for the next decade.

Arc transmitters of that vintage still hold the
“record” for input power. Figure 3 is of one of
the two converters destined for France — one of
the actual machines. Large arc converters were
operated in pairs, one operating, the other down
for cleaning.

Figures 1 and 2 show the magnetization curve
for cast steel and an example of the internal mag-
netic flux required for arc operation. The figures
give an indication of the capability of the mag-
netic circuit. Fuller was the first (and only) en-
gineer who accurately determined the “whys” of
arc technology. He alone was responsible for the
elevation of transmitter power to the megawatt
range. That investigation was performed using
one of the Navy’s 500 kW transmitters. It’s not
germane to this article, but a much better de-
scription of arc technology may be found in
Reference 2.

The steel castings, two sets of which were
in Palo Alto, weighed about 50 tons (total
weight of the nine machined castings per
transmitter.) Accordingly, they were manufac-
tured in “pieces,” each one of less than the

maximum allowable shipping weight by the
railroads. Those castings remained on Federal
Telegraph Co. property (later on city

Figure 3. One of the two 1-megawatt arc transmitters sent to France. They became station “LY” at Bordeaux.

THE ProceeDINGs 1997 29




property) from 1918 until about 1930.

Fuller was now with Ohio Insulator Co. He
was to head the development effort for high-
voltage insulators required by new distribution
systems in California, which were the highest-
voltage standard transmission lines in the world
at that time. Several years had lapsed, during
which time Federal was bought by ITT/Mackay
Radio. Lawrence was in Berkeley. Fuller joined
the faculty at U.C. at Berkeley at the University’s
request; he was to establish an Electrical Engi-
neering Department. It was in this capacity that
he became acquainted with Lawrence.

University of California at Berkeley

The Physics Department at the University of
California at Berkeley was busy, as were most
others, investigating various aspects of atomic
nuclei. One of the most effective tools for the
research was laboratory-induced

The process is described in Figure 4. The heart
of the cyclotron is a pair of metal chambers
shaped like a pill box cut in half along one of its
diameters. The two halves are hollow, D-shaped
elements, called “dees” or “Ds.” The inner edges
are separated from each other and are parallel. A
source of ions, usually protons (hydrogen nu-
clei), is located at the center between the Ds.

High-frequency alternating voltage is intro-
duced to the halves. The potential between the
Ds is caused to alternate rapidly, some millions
of times per second, so that the field is directed
first to one and then to the other. Because of the
electrical shielding of the internals of the Ds, the
space within each is a region of zero electrical
field.

The two Ds are enclosed within — but insu-
lated from — a larger cylindrical metal container
from which the air has been evacuated, and the

nuclear disintegration, (“atom
smashing”), accomplished by
bombarding nuclei with high-
energy ions. The ions were accel-
erated, usually by linear accelera-
tors, a linear device that func-
tioned in a manner similar to that
of electron acceleration in a .
cathode-ray (oscilloscope) tube. |
The major differences were size,
energy and polarity. There were
accelerators nearly a mile long.?

Lawrence and Dr. Stanley
Livingston were studying the pos-
sibility of generating high-energy
ions by means of the cyclotron.
The name (cyclotron) came later,
but I use it to describe the activ-
ity, and to give the unit a name.
The investigation devolved into a
search for a rather large electro-
magnet needed to contain the ions
within the device.

The design was simple in con-

/| High-frequency

“/ alternating

~ voltage
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cept but difficult to accomplish. Figure 4. Isometric drawing to describe the cyclotron principle.
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whole assembly is placed between the poles of
a powerful electromagnet that provides a mag-
netic field within the Ds. Its direction is perpen-
dicular to the plane of the Ds.

Now when a deuteron (or proton) appears in
the center, it is accelerated toward the instanta-
neously negative D. Within the D, however, it
follows a circular orbit until it emerges at the
gap. At this time (assuming synchronization), it
is again accelerated into the other D but now
orbits around in a larger radius because of the
added energy (velocity) it acquired as it crossed
the gap between the Ds. The orbit of any ion
then would resemble the track on a phonograph
record. ;

At the final orbit, the ion is “straightened out”

by an electrode (not shown in the figure), and it
emerges so that it can be directed to a target,
usually some heavier atom. Ions that possess
several million electron-volts energy are ob-
tained. The significance is the construction of an
accelerator contained in a room vs. an accelera-
tor hundreds or thousands of feet long. The de-
velopment of the final cyclotron is the result of
many experiments, and the acquisition of a large
electromagnet.

There is a faculty dining room at the univer-
sity, which was frequented by both Fuller and
Lawrence. It was at lunch one day when
Lawrence volunteered that he would like to ac-
quire a large electromagnet. He, of course, had
no idea of the two magnet cores residing in Palo

Figure 5. The Lawrence cyclotron during construction. On the left is Livingston, and on the right, Lawrence.
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Alto. Furthermore, it was following the depres-
sion, and school funds were tight. Leonard Fuller
was involved in many important, and largely
unpublicized, events in scientific and engineer-
ing history. This one was to have consequences
neither of them could fathom at that time.
Fuller indicated that he might be able to help,
and the conversation was left there, for the mo-
ment. As was mentioned earlier, Federal Tele-
graph Co., later ITT/Mackay Radio, had posses-
sion of the two remaining sets of magnet compo-
nents. Nobody worried about their being out in
the open, unguarded. They weighed tens of tons
each, so were pretty safe from possible theft!
Fuller arranged by telephone for Mackay to
donate those magnets, one set to Lawrence at
Berkeley, and one set to Stanford University,
which apparently could not accommodate them
at the time. They remained on what became Palo
Alto city property and were sold as scrap metal

Figure 6. The Lawrence cyclotron in operation. Note the ionized air emanating from the box in the
center.
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to the Japanese. Fuller, knowing that the
several transmitting tubes and other compo-
nents would be needed, arranged for them to
be given to Lawrence. Therefore, components
of the RF source for the Ds also came from
Mackay.

Figure 3 is one of the actual converters
sent to France. Notice its size and shape. You
will see it reflected in all of the cyclotron
pictures, with one important difference. The
magnet coils were both above and below the
center line in cyclotron service, but the mag-
net coil is on only one side (the bottom) on
the arc converters.

Neither of the unassembled steel cores had
windings on them, nor were there any stored
on federal property. Fuller told Lawrence that
the university would have to purchase the
copper, but that Fuller could arrange for the
coils to be formed by Mackay. The windings,




incidentally,
were copper
straps, 1.25"
wide by 0.25"
thick. In both
the arc and cy-
clotron, the
coils required
oil cooling. The
copper  ac-
counted for
perhaps 10 tons
of the total fin-
ished weight.
The detailed
behavior of
electromagnets
is not easily de-
termined. One must know all about the magnet:
its shape, path length, permeability, flux and, in

Leonard Fuller.

this case, the requirements of the pole gap —
that part of the magnetic circuit not conducted
by the steel or iron. One advantage of dc elec-
tromagnets is that they can be modeled. Small-
scale models were built and tested, and the re-
sults could be extrapolated with very little error.
The scale model for the large arc could be con-
tained in a volume of about 1 cubic foot and
could be lifted easily by one hand.

The pole pieces in the megawatt arc transmit-
ters had to be built so that the flux would be
concentrated into a volume of only a few cubic
inches. The poles, therefore, were reduced pro-
gressively in size so that they resembled the
business-end of a large blunt artillery projectile,
with a smaller flat section on the ends. From a
flux-control standpoint, a smooth gradual curved
slope would be desirable, but from a machining
standpoint, it was much easier to do it in a series
of conical sections.

Figure 8. The Lawrence cyclotron as seen today outside the Lawrence Berkeley Lab Museum.
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The cyclotron would require large, flat, paral-
lel circular pole pieces. After battling flux-
shapes in the arcs for a number of years, Fuller
probably was the best engineering consultant
available. He worked with Lawrence in the over-
all design of the magnet plus its pole pieces,
which produced a vertically aligned magnetic
flux of uniform density all over the face of the
poles. There is no intent here to denigrate any
part of Lawrence’s previous work with magnets.
He knew his way around them. He, along with
Livingston, had built several small cyclotron
prototypes at Berkeley. Enough prior work had
been done with the concept that the success of a

‘larger one was virtually assured, and that led to
this quest.

The physics world was agog at the limitless
prospects of artificially induced radio activity.
Not for the activity alone, but also for the meth-
ods of inducing it, and for the results of experi-
ments that produced it. Lord Rutherford, in his
Cavendish laboratory, had pointed the way. He
employed alpha emission from radium for his
experiments. There just is not enough radium in
the world to support the number of labs and ex-
perimenters engaged in the research. Further-
more, the tedious nature of Rutherford’s tech-
niques discouraged most physicists.

Simple calculations revealed to Lawrence
(and others, too) that one microampere of elec-
trically accelerated light nuclei would be more
valuable than the world’s total supply of radium
— if they could be accelerated to the level of a
million electron-volts. This puts the efforts ex-
pended by Lawrence, et al, in the proper light
and leads us to the completion of the 36-inch
cyclotron. What evolved in a few short years
were ion beam currents in the ampere range and
energies in the tens of millions of eV. They were
made possible both by the linear accelerators
and the cyclotrons.

Connections are difficult to categorize. For
example, the linear accelerators were products
of Merle Tuve, Ernest Lawrence’s boyhood
chum. He and Tuve both built and flew gliders
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and built an early radio transmitter. Tuve was
the first to reflect radio pulses from the atmo-
sphere, a study that led directly to the invention
of radar. So at the time Lawrence was ushering
the use of the cyclotron, Tuve was building lin-
ear accelerators.

Lawrence had come to Berkeley in 1928, after
he left Yale. He had earned his Ph.D. there; his
doctoral thesis was on photoelectricity. He came
to California even in the face of friends’ belief
that he would quickly “go to seed” in “the unsci-
entific climate of the West.” Things proved dif-
ferent; during Lawrence’s tenure, Lawrence Ber-
keley Laboratory produced no fewer than seven
Nobel Laureates, including Lawrence, for the
cyclotron.

Lawrence tended to avoid filing patents in his
name (those in which he did, the usual $1 roy-
alty was assigned to the U.S. government). He
invented the “Chromatron” color TV tube. Most
of us did not know that. Of most important na-
tional significance, however, is his development
of the large-scale mass spectrometer, the
“Calutron,” by which kilogram quantities of pure
235U, the only isotope (of three) that is fission-
able by thermal neutrons, could be obtained.
That is how we obtained the material for the
Hiroshima weapon.

The Berkeley cyclotron, shown being con-
structed in Figure 5, and shown operating in
Figure 6, was used occasionally for medical re-
search. The staff placed temporary white-walled
enclosures around the machine to make it more
like hospital-related equipment. Lawrence also
invented and developed what became known as
the Sloan-Lawrence million-volt X-ray. It was
in time to treat his mother, who had been diag-
nosed with inoperable cancer. She recovered and
outlived her son by 21 years.
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The Past, the Present, the Future... continued from page 3

subsystems in cellular and PCS base stations.

As our industry continues to grow, we need to
encourage young men and women to enter the
world of RF. Without good engineers, advance-
ments will taper off. Who knows what the sto-
ries of tomorrow will be in terms of RF accom-
plishments and the women and men behind
them. One thing is sure, however, if we continue
to promote the excitement and positive attributes

of being a part of the wireless industry, people
will seek out opportunities in radio and build
their communications visions of the future —
just as the radio pioneers we highlight in this
issue have done.

Article ideas and publicity items for the Spring
Proceedings should be directed to Jane Bryant,
c/o McQuerterGroup, 8201 Greensboro Drive,
Suite 1000, McLean, VA 22102.
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The Advent of Thin-
Film Manufacturing

In the radio communications industry, many
pioneers have paved the way to better methods
of communicating via their innovations and
designs. In today’s wireless markets, supercon-
ductive electronics are enabling improvements
in call-handling at cell sites.

Superconductors are materials that undergo a
transformation at reduced temperature, which
gives them unique electrical properties, includ-
ing the ability to carry electrical currents with-
out any resistance. Without resistance, electrical
signals are not dissipated in the form of heat, so
all manner of electrical and electronic devices
and components become far more efficient.

Microwave components are currently being
made using high-temperature superconductors
in two distinct ways. Thin-film technology can
be used to make planar circuits for microwave
applications, including filters, resonators, delay
lines and others. In order for these devices to
work well, the superconducting material must
be of very high crystalline quality.

An alternative approach, thick-film manufac-
turing, involves taking copper microwave com-
ponents, such as resonant cavity filters, and
coating them with a paste of superconductor
precursor material that is then fired on to form
a ceramic superconducting coating. The crystal-
line quality of the resultant material provides
the low-loss benefits of superconductors.

This article reviews the history of supercon-
ductors and takes a closer look at the inroads

being made in thin-film manufacturing, as inno-
vative thin-film manufacturing is making sub-
stantial contributions to the radio communica-
tions industry. Thin-film manufacturing consists
of thin-film deposition technology and the same
photolithographic processing techniques that are
at the heart of the semiconductor industry. Su-
perconducting films are made by vacuum depo-
sition techniques like sputtering, pulsed laser
deposition and co-evaporation. These tech-
niques, for the most part, were first developed
for other industries. Sputtering, for example, is
used to put coatings on razor blades.

The Discovery

The first superconductor, mercury, was dis-
covered in 1911 by a Dutch physicist named
Kamerlingh Onnes, who won the Nobel Prize
for his work. Over the succeeding decades, many
other superconductors have been discovered. In
1986, IBM scientists K. Alex Mueller and Georg
Bednorz discovered that a LaBaCuO compound
they synthesized in their laboratory reached
superconductance at a temperature higher than
30° K, breaking a 20-plus-year-old record. They,
too, were awarded the Nobel Prize.

Within a year of their discovery, related ma-
terials were found that superconducted above 90°
K. Within two years, the record temperature was
more than 120° K. New superconductors con-
tinue to be discovered.

The origin of the superconductivity was a
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mystery for nearly 50 years following the origi-
nal discovery, until the theory of John Bardeen,
Leon Cooper and Robert Schrieffer (the BCS
theory) was published in 1957. In that theory, a
state of matter was proposed in which electrons
in a superconductor form “Copper pairs” that
cooperate to avoid the collisions and interactions
within a metal that lead to ordinary resistance.
This pairing up can only occur when the tem-
perature is low enough that the ordinary ther-
mally induced motions of the electrons are re-
duced sufficiently.

In high-temperature superconductors, there
are sufficient differences in observed behavior
that the BCS theory does not seem to apply. As
a result, many theoretical physicists are hard at
work trying to explain the phenomenon. An idea
currently in fashion is that high-
temperature superconductors (HTS) are the first
“d-wave” superconductors to be discovered.

Whatever the mechanism may turn out to be,
no theory yet has been devised that predicts
which materials will be superconductors and at
what temperature.

So far, only theories exist to explain why a
material superconducts. Fortunately superconduc-
tor manufacturers do not need to know the origin
of superconductivity to use superconductors.

1986’s Finding

Until 1986, the highest temperature at which
any material was known to superconduct was 23
degrees above absolute zero. Most of the more
than 6,000 known superconductors enter the
superconducting state at temperatures well be-
low this value. However, in 1986 a new class of
superconducting materials was discovered and,
in the years since, a number of superconductors
with critical temperatures above 77° K (Celsius
degrees above absolute zero) have been identi-
fied. The significance of this temperature is that
it is the boiling point of liquid nitrogen, an inex-
pensive and commonplace coolant.

Prior to the discovery of these “high-
temperature superconductors,” superconductiv-
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ity required the presence of liquid helium, a
costly and difficult-to-use cryogenic liquid.

The Cooling Process

Thousands of superconductors have been dis-
covered during the decades. Some are mundane
elemental metals such as tin and lead; others are
exotic, multilayered ceramic materials with ac-
ronyms such as TBCCO. All of them behave as
ordinary conductors until their temperature is
lowered to a “critical temperature.”

For the case of ordinary lead, this occurs only
7 degrees above absolute zero!

High-temperature superconductors can be
cooled into the superconducting state by immers-
ing them in liquid nitrogen, which is available
nearly everywhere because of its routine use in
medicine, food processing and other industries.

In addition, a mechanical refrigerator can cool
superconductors. Low-temperature or cryogenic
refrigerators are commercially available from a
variety of manufacturers because they are widely
used in the semiconductor processing industry.
Refrigerators based on the Gifford McMahon
cycle are designed to run for a year without me-
chanical failure.

Although there are thousands of superconduc-
tors known, only a handful have been found to
have the combination of physical and chemical
properties that make them suitable for most
applications.

Wireless Applications

Microwave filters made from superconduc-
tors have the advantage that the tradeoffs be-
tween filter selectivity and filter efficiency that
exist with conventional materials do not apply to
superconductors. Ordinary filters are increas-
ingly inefficient (the signal is wasted in the form
of heat) as they are made more selective (more
filter stages or poles). Superconducting filters
have extremely low insertion losses even when
they are made with a large number of poles.
Thus, better filters become practical when they
are made from superconductors.




Because of the increasing losses in copper,
conventional filters are limited to no more than
nine poles. One wireless superconductor manu-
facturer, Conductus, has made cellular filters
with as many as 19 poles. In addition, thin-film
superconducting filters are much more compact
than the resonant cavity filters currently used in
base stations. Those filters can be as long as 3
feet.

The low-loss properties of superconductors
are extremely beneficial in passive electronic
components in which increased efficiency leads
to enhanced signal strength, improved signal
resolution and reduced component size and
weight. Examples of passive components en-
hanced by superconductivity include communi-
cations filters, which can provide extraordinary
frequency sensitivity while maintaining excel-
lent efficiency because of the inherent low losses
of the materials.

Superconductors can provide unequaled per-
formance in a compact package.

Resistance

There is truly no resistance to direct current
(dc) in a superconductor. Thus, if one induces an
electrical current in a ring of superconductor, it
will flow forever. At typical microwave frequen-
cies — in the cellular band, for example — the
resistance of a superconductor is perhaps one
thousandth of that in the best ordinary
conductor.

For most practical purposes, this is as good as
zero. It is certainly low enough to make super-
conducting radio frequency components the best
in the world.

Cellcom Trial

Earlier this year, Conductus and Cellcom, a
cellular carrier that operates about 100 base sta-
tions in rural and urban areas in Wisconsin and
Iowa, completed a trial of the manufacturer’s
ClearSite receiver subsystems. The results point
to performance benefits associated with super-
conductive electronics, including consistent im-

provements in call handling at the sites.

According to Cellcom, the carrier observed
decreases in dropped-call rates in the range
of 20 percent on the cell sites that were up-
graded with Conductus ultra-low-noise front-
end receivers.

The Future

No one knows whether the future holds room-
temperature superconductors. If a real room-
temperature superconductor were to be discov-
ered, the next question is whether it would be a
material that lends itself to being fabricated into
useful things. Most superconductors do not, and
the ones that do have taken years to develop.

Conclusion

Wireless communications components based
on the low-loss property

of HTS thin films could provide significant
performance benefits as well as significant size
and weight reductions for filter subsystems in
cellular and PCS base stations. In these applica-
tions, microwave filters made using thin-film
superconductor technology have the ability to
provide extraordinary frequency selectivity
while maintaining excellent efficiency because
of their inherent low insertion losses. HTS nar-
row-band notch filters and bandpass filters could
also significantly reduce signal interference in
base station receivers with minimal signal loss.
The problem of so-called “A-B interference” is
an increasing concern for cellular service pro-
viders and highly-selective and efficient super-
conducting filters may provide an effective so-
lution to the problem between wireline and non-
wireline operators. In high-density urban areas,
reducing A-B interference would allow for in-
creased channel reuse and improved call quality.

On the transmit side, conventional power
combiners, which combine the signals to be
transmitted by the base station, lose about
half of the radio-frequency power between the

Continued on page 49
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Book Review

Valley Voices by John Russell Gilchrist

John Russell Gilchrist’s book is impressive
for what it includes and disappointing for what
it omits. The book offers historical details —
one might even say minutia — about radio sta-
tions in the Chicago area. To be more precise,
stations in the Fox Valley, hence: Valley Voices.

The accounts of the earliest radio station op-
erations really appealed to me, as did the histo-
ries of high-power Chicago AM stations that I
began listening to in Denver 30 years ago and
850 miles away, and that I still listen to from a
distance of 400 miles in Overland Park, KS.
With respect to these histories, the minutia about
people involved in these operations bring some
human drama to what otherwise could be dry,
technical descriptions. I learned of people con-
nected with pioneering radio facilities that I had
not previously known about and learned more
about some people who performed on stations I
already was familiar with. These portions of the
book were the most entertaining.

What’s odd, though, is that the book has no
index. The only organizational aid is the table of
contents, which is arranged by geographic area.
Unless I missed it, the book does not define the
geographic area of the Fox Valley. An index and
a map would have been helpful. Embedded text
references such as “See WQAT” are difficult to
use for lack of an index, a map or a call sign
reference list.

Another odd aspect is that, apparently, Chi-
cago is not in the Fox Valley. Several Chicago

station histories are included by virtue of the
stations’ transmitter locations, many of which
evidently are in the valley. Transmitter loca-
tion is a strange basis for selecting which sta-
tions to include, but I say hurrah for that, any-
way, because a book strictly about smaller and
lesser-known stations would not have been as
interesting.

Although these peculiarities do not detract
much from a first-time read, they limit the
book’s utility as a reference work.

The book includes some descriptions that will
not be found anywhere else, such as stations that
had only a brief existence in the early days of
broadcasting; low-power FM stations operated
by school districts; and a few unlicensed AM
and FM stations that made a mark and that
launched some broadcasting careers before be-
ing closed by federal authorities.

Read Valley Voices, and you’ll know more
about Chicago radio than most people who live
there and many who worked for stations there.
As someone who has listened to Chicago sta-
tions for many years, I enjoyed the book.

$24.95, 532 pages, paperback

ISBN 0-916445-42-9

Published by Crossroads Communications
P.O. Box 7

Carpentersville, IL 60110

847-426-0008
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Saluting. .. %

the Radio Club of America, its
members and supporters =
whose leadership keeps our
industry strong.

Want to talk about your communications
needs? We’d be glad to hear from you! Give us
a call or look us up on the Web.

MiDLANDUSA

www.midlandusa.com

1690 North Topping Avenue
Kansas City, MO 64120
1-800-669-4567




Professional
Directory

GERALD L. AGLIATA
Antenna Site Consultant

271 Main Street

Eastchester, NY 10707
(914) 633-0569

(914) 633-9315 (FAX)
E-mail: towers2000@aol.com

MANUEL A. ALVAREZ
Latin America Consultant
1785 NW 79th Avenue
Miami, FL. 33126

(305) 477-2326

(305) 477-6351 (FAX)
E-mail: beam@icanect.net

GAETANO (TOM) AMOSCATO
Communication Consultant
150-47A 12th Road, P.O. Box 93
Whitestone, NY 11357-0093
(718) 767-7500

(718) 767-9858 (FAX)

MAXINE CARTER-LOME
Marketing Communications, Market
Research for the Wireless Telecom
Industry

72 Winding Way

West Orange, NJ 07052-3823

(201) 731-5334

(201) 325-8663 (FAX)

E-mail: mclconsult@aol.com

MERCY S. CONTRERAS
Publisher, Trade Journals

5660 Greenwood Plaza Boulevard,
#350

Englewood, CO 80111

(303) 220-4245

(303) 793-0454 (FAX)

E-mail: mercy-

contreras @intden.ccmail.compuserve.com

JOHN E. DETTRA, Jr.
Consulting Engineer
805 25th Street, NW
Washington, DC 20037
(202) 965-4664

(202) 965-4666 (FAX)

GARY EISENBERG, WB2EQX
NY Tri-state & Central California
Antenna Site Consulting

10500 Saddle Road

Monterey, CA 93940-6637

(408) 373-7742

(408) 646-0595 (FAX)

ROBERT I. ELMS, P.E.

Mobile Communications Consultant
72 Smithtown Road

Budd Lake, NJ 07828

(201) 347-9300

(201) 347-4474 (FAX)

JOSEPH J. FAIRCLOUGH,
WB2JKJ

Educational Consultant

P.O. Box 1052

New York, NY 10002-0912
(516) 674-4072

(516) 674-9600 (FAX)
E-mail: wb2jkj@juno.com

RUSSELL H. FOX, ESQ.
Attorney

1301 K Street, NW, #900, East
Tower

Washington, DC 20005

(202) 408-7113

(202) 289-1504 (FAX)

E-mail: rfox@gcd.com

FREDERICK G. GRIFFIN, PE.
Consulting

3229 Waterlick Road

Lynchburg, VA 24502

(804) 237-2044

(804) 237-6063 (FAX)

E-mail:

fggriffin.pc @worldnet.att.net

CARROLL HOLLINGSWORTH
Manufacturers Representative
6015 Lohman Ford, Suite 101
Lago Vista, TX 78645

(512) 267-7747

(512) 267-7760 (FAX)

E-mail: dhlago@aol.com

LAWRENCE HOLLINGSWORTH
Telecommunications System
Consulting

2888 Lee Road

Silver Lake, OH 44224-3731

(330) 923-4337

(330) 923-7747 (FAX)

HOMER L. HUDDLESTON
Consultant to Senior Management
3336 Russell Circle

Plano, TX 75023-5706

(800) 804-9289

GEORGE JACOBS, PE.
Consulting Broadcast Egineer
(International)

8701 Georgia Avenue, Suite 410
Silver Spring, MD 20910-3713
(301) 587-8800

(301) 587-8801 (FAX)

E-mail: g.jacobs@ieee.org
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LEONARD R. KAHN

Professional Engineer; Communica-
tions, Broadcasting and Satellite
320 East 42nd Street, Mezzanine
West

New York, NY 10017

(212) 983-6765

AUGUST J. LINK
Preservationalist of Military
Electronics

2215 Faraday Avenue, Suite A
Carlsbad, CA 92008-8818
(619) 438-4420

(619) 438-4759 (FAX)

ROGER D. MADDEN

Federally Registered Lobbyist -
Telecommunications and
Transportation

13009 Gopher Wood Trail
Tallahassee, FL. 32312-4114

(904) 894-0296

(904) 894-0288 (FAX)

E-mail: r_madden@compuserve.com

WILLIAM C. MARGIOTTA

RF and Microwave Specialist (800
MHz - 60 GHz)

5575 Magnatron Boulevard

San Diego, CA 92111

(619) 576-9380

(619) 576-9075 (FAX)

E-mail: wavelynxl@aol.com

J. ALLEN NEWCOMB
Communication Consultant
12 Ham Hill Road
Southwick, MA 01077-9719
(413) 569-1444

E-mail:
a.newcomb @ worldnet.att.nét

TOLBERT V. PROWELL
Collector of Early Battery Radios
and Tubes

413 North York Road
Mechanicsburg, PA 17055-6016
(717) 697-5227

(717) 697-4687 (FAX)

E-mail: aeriola@epix.net
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THEODORE S. RAPPAPORT,
Ph.D., PE.

Technical Training

P.O. Box 10727

Blacksburg, VA 24062-0727
(540) 552-8324

(540) 552-8324 (FAX)

E-mail: wvcomm@aol.com

JACK REICHLER

Antenna Site Development and
Management

23501 Park Sorrento, #213A
Calabasas, CA 91302-1355
(818) 222-5655

(800) 400-7483

(818) 222-2857 (FAX)

STAN REUBENSTEIN
Manufacturers’ Represntative
2018 South Pontiac Way
Denver, CO 80224-2412
(303) 758-3051

(800) 525-3580

(303) 758-6630 (FAX)
E-mail: stan@auroramkt.com

LLOYD B. ROACH

Radio Broadcast Consultation
1025 Meetinghouse Road
West Chester, PA 19382
(610) 793-2552

(610) 793-1298 (FAX)
E-mail: w3qt@aol.com

JOHN P. RYAN, NCE
Consulting, Radio Equipment, Site
Development and Management
101 Cobb Court

Folsom, CA 95630

(888) 748-3626

(916) 353-106 (FAX)

CHANDOS A. RYPINSKI
Patents, Product Development —
Radio ATM LAN/telecom/network
655 Redwood Highway, #340
Mill Valley, CA 94941

(415) 389-6659

(415) 389-6746 (FAX)

E-mail: rypinski@netcom.com

H. DAVE SCHMIDTKE

Repeater and Tower Rentals

214 Third Street, SW; P.O. Box 462
Faribault, MN 55021

(800) 500-8055

WILLIAM T. (TOM) THORNTON
Tower and Monopole Fabrication,
Site Leasing

11471 Twin Lake Lane

San Angelo, TX 76904

(915) 944-2563

(915) 944-2378 (FAX)

E-mail: tomttwr@aol.com

RAYMOND C. TROTT, P.E.
R.F. Systems Engineering

1425 Greenway Drive, Suite 350
Irving, TX 75038

(972) 580-1911

(972) 580-0641 (FAX)

E-mail: trottgroup@aol.com

STEVE UHRIG

Mfr of Electronic Surveillance
Systems

1300 Boyd Road

Street, MD 21154-1836

(410) 879-4035

(410) 836-1190 (FAX)

E-mail: steve@swssec.com

GARY P. WALLIN

Direct Marketing Consultant
1087 Elm Street, Suite 412
Manchester, NH 03105-1030
(603) 623-1212

(603) 627-0029 (FAX)
E-mail: gary@wallin.com

ROGER D. WEBSTER
Manufacturers’ Representative
115 Bellarmine

Rochester, MI 48309

(800) 521-2333

(888) 521-2333 (FAX)

LARRY H. WILL, PE., W3VU
Broadcast Engineering Consultant
1055 Powder Horn Drive

Glen Mills, PA 19342-9504

(610) 399-1826

(610) 399-0995 (FAX)

E-mail: Iwill@voicenet.com
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Businesss
Directory

CHARLES F. ADAMS, President
Industrial Communications Company
121 North Sitgreaves Street

Easton, PA 18042

(610) 253-1214

(610) 253-4504 (FAX)

E-mail: icom@enter.net

GERALD L. AGLIATA, President
Transcom Antenna Site Consultants
271 Main Street

Eastchester, NY 10707

(914) 633-0569

(914) 633-9315 (FAX)

E-mail: towers2000@aol.com

MANUEL A. ALVAREZ, President
Beam Radio, Inc.

1785 NW 79th Avenue

Miami, FL. 33126

(305) 477-2326

(305) 477-6351 (FAX)

E-mail: beam@icanect.net

GAETANO (TOM) AMOSCATO,
Systems Consultant

Amtol Radio Communications Systems,
Inc.

150-47A 12th Road, P.O. Box 93
Whitestone, NY 11357-0093

(718) 767-7500

(718) 767-9858 (FAX)

R. SCOTT BAXTER, Managing
Director

Illawarra Communications

101 Auburn Street

Wollongong, NSW, 2500

+042 297300

+042 261775 (FAX)

E-mail: illcom@f6.com.au
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LAWRENCE V. BEHR, CEO
LBA Group, Inc.

P.O. Box 8026

Greenville, NC 27835

(919) 757-0279

(919) 752-9155 (FAX)

E-mail: http://www.lbagroup.com

RICHARD P. BIBY, President

Biby Engineering Services, P.C.

1303 North Fillmore Street, 2nd floor
Arlington, VA © 22201

(705) 558-0500

(703) 558-0523 (FAX)

E-mail: rich@biby.com

KEITH BUSSMAN, President
Pilot Communications

P.O. Box 77766

Stockton, CA 95267-1066
(888) 745-6869

(209) 946-7900 (FAX)

PHILIP M. CASCIANO, President
PMC Associates

9 Westlake Court

Somerset, NJ 08873

(908) 563-0366

(908) 563-9174 (FAX)

E-mail: pmcassoc@ix.netcom.com

SIDNEY COHEN, President
Air Comm

4614 East McDowell Road
Phoenix, AZ 85008

(602) 275-4505

(602) 275-4555 (FAX)

E-mail: http://www.air-com.com

WILLIAM H. COLE, Vice President of
Business Development

Airtech Wireless, Inc. :

1420 Valwood Parkway, Suite 200
Carrollton, TX 75006

(972) 488-4615

(972) 247-7620 (FAX)

E-mail: bill.cole @airtechwireless.com

MERCY S. CONTRERAS, Group
Publisher

Intertec Publishing

5660 Greenwood Plaza Boulevard, #350
Englewood, CO 80111

(303) 220-4245

(303) 793-0454 (FAX)

E-mail: mercy-

contreras @intden.ccmail.compuserve.com

TERRY G. DANIELS, President
Daniels Electronics Ltd.

43 Erie Street

Victoria, BC V8V 1P8

(250) 382-8268

(250) 382-6139 (FAX)

E-mail: sales@danelec.com

JAMES M. DAVIS, President
J.D.S. Systems

P.O. Box 740790

Orange City, FL. 32774-0790
(904) 775-7388

(800) 942-7388

(904) 775-0117 (FAX)
E-mail: jdssys@magicnet.net

JOHN E. DETTRA, Jr., President
Dettra Communications, Inc.

805 25th Street, NW

Washington, DC 20037

(202) 965-4664

(202) 965-4666 (FAX)

DANIEL L. DURYEE, Manager
Gateway Electronics Inc.

2525 Federal Boulevard

Denver, CO 80211-4714

(303) 458-5444

(303) 458-6988 (FAX)

JAMES A. DWYER, JR., President
Wireless One Network

2100 Electronics Lane

Fort Meyers, FL 33912

(941) 489-1600

(941) 489-1928 (FAX)




GARY EISENBERG, WB2EQX,
General Manager

American Site Locations

10500 Saddle Road

Monterey, CA 93940-6637
(408) 373-7742

(408) 646-0595 (FAX)

JOHN A. FACELLA, President & CEO
Telequip Corporation

20 Trafalgar Square

Nashua, NH 03063

(603) 598-1300

(603) 598-6724 (FAX)

E-mail: jfacella@telequip.com

JOSEPH J. FAIRCLOUGH, WB2JK],
President

The Radio Club of JHS 22 NYC, Inc.
P.O. Box 1052

New York, NY 10002-0912

(516) 674-4072

(516) 674-9600 (FAX)

E-mail: wb2jkj@juno.com

DANIEL W. FOWLER, VP Sales,
Communication Products

Scala Electronic Corporation

P.O. Box 4580

Medford, OR 97501

(541) 779-6500

(541) 779-7753 (FAX)

E-mail: dfowler@scala.net

RUSSELL H. FOX, ESQ.,

Gardner, Carton & Douglas

1301 K Street, NW, #900, East Tower
Washington, DC 20005

(202) 408-7113

(202) 289-1504 (FAX)

E-mail: rfox@gcd.com

DAVID L. GEORGE, Executive Vice-
President

Unique Technologies Int’l, L.L.C.
8336 Sterling Street

Irving, TX 75063

(972) 915-2772

(972) 915-2847 (FAX)

MAL GURIAN, President
Authentix Network, Inc.

14 Old Farmstead Road

Chester, NJ 07930

(908) 879-5076

(908) 879-9376 (FAX)

E-mail: malgurian@authentix.net

JAMES R. HARGENRADER,
President

Hark Systems, Inc.

768 Travelers Boulevard
Summerville, SC 29485

(803) 875-4480

(803) 873-5277 (FAX)

E-mail: randyh@harksystems.com

CARROLL HOLLINGSWORTH,
Owner

DH Marketing ‘

6015 Lohman Ford, Suite 101
Lago Vista, TX 78645

(512) 267-7747

(512) 267-7760 (FAX)

E-mail: dhlago@aol.com

LAWRENCE HOLLINGSWORTH,
Owner

Lawrence Hollingsworth Co.

2888 Lee Road

Silver Lake, OH 44224-3731

(330) 923-4337

(330) 923-7747 (FAX)

MICHAEL W. HUNTER, President
and CEO

RCC Consultants, Inc.

10 Woodbridge Center Drive, Suite 900
Woodbridge, NJ 07095-1106

(908) 636-6970

(908) 636-7260 (FAX)

E-mail: mhunter@rcc.com

GEORGE JACOBS, PE., President
George Jacobs & Associates, Inc.
8701 Georgia Avenue, Suite 410
Silver Spring, MD 20910-3713
(301) 587-8800

(301) 587-8801 (FAX)

E-mail: g.jacobs@ieee.org

DOROTHY JUBON AND JAN D.
JUBON PE,,

Jubon Engineering, P.C.

3816 Winters Hill Drive

Atlanta, GA 30360-1331

(770) 828-0120

(770) 828-0108 (FAX)

E-mail: jubon@mindspring.com

LEONARD R. KAHN, President
Kahn Communications, Inc.

320 East 42nd Street, Mezzanine West
New York, NY 10017

(212) 983-6765

BENJAMIN M. KIDWELL, N5JOW,
Metrology Lab Manager

Decibel Products, Inc.

8635 Stemmons Freeway

Dallas, TX 75247

(214) 819-4670

(214) 819-4677 (FAX)

GARY KIMMERLE, Area Business
Manager — West

Ericsson, Inc.

7051 Village Drive, Bldg. 100
Buena Park, CA 90621

(714) 729-2864

(714) 670-3294 (FAX)

PETER J. KOVALESKI, Vice Presi-
dent .
American Tower Systems, Inc.

93 Delphi Road

Stafford, CT 06076

(860) 684-4444

(860) 684-9459 (FAX)

E-mail: atsnereg@snet.com

JONATHAN C. KUMMER, District
Sales Manager

Microwaves & RF Magazine

611 Route 46 West

Hasbrouck Heights, NJ 07604

(201) 393-6271

(201) 393-6297 (FAX)

E-mail: jon@pcnet.com

AUGUST J. LINK, President
Surcom Associates, Inc.

2215 Faraday Avenue, Suite A
Carlsbad, CA 92008-8818
(619) 438-4420

(619) 438-4759 (FAX)

WILLIAM C. MARGIOTTA, CEO
Wavelynx International, Inc.

5575 Magnatron Boulevard

San Diego, CA 92111

(619) 576-9380

(619) 576-9075 (FAX)

E-mail: wavelynxl@aol.com

PAUL W. MILLS, President
Arcom Communications
4030-A Pike Lane

Concord, CA 94520

(510) 602-1160

(800) 963-5942 (page)

(510) 827-3060 (FAX)
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RAY MINICHIELLO, P.E., W1BC,
Chairman

Gugliemo Marconi Foundation USA &
US Nat’l Marconi Museum

18 North Amherst Road

Bedford, NH 03110

(603) 472-9746

(603) 472-3622 (FAX)

E-mail: 104021.2227 @compuserve.com

PAULLA A. NELSON-SHIRA,
President

Pandata Corp.

14 Inverness Drive East, #D-136
Englewood, CO 80112-5604
(303) 792-2390

(303) 792-2391 (FAX)

E-mail: pdatapub@cerf.net

ROBERT D. PERELMAN, VB,
Marketing and Business Development
Times Microwave Systems

358 Hall Avenue

Wallingford, CT 06492

(203) 949-8432

(203) 949-8423 (FAX)

E-mail: perelman@timesmicrowave.com

JUNE POPPELE, Secretary
Tele-Measurements, Inc.
145 Main Avenue

Clifton, NJ 07014

(201) 473-8822

(201) 473-0521 (FAX)

THEODORE S. RAPPAPORT, Ph.D.,
P.E., President

Wireless Valley Communications, Inc.
P.O. Box 10727

Blacksburg, VA 24062-0727

(540) 552-8324

(540) 552-8324 (FAX)

E-mail: wvcomm@aol.com

JACK REICHLER, President
Meridian Communications
23501 Park Sorrento, #213A
Calabasas, CA 91302-1355
(818) 222-5655

(800) 400-7483

(818) 222-2857 (FAX)
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STAN REUBENSTEIN, Manufactur-
ers’ Representative

Aurora Marketing Company

2018 South Pontiac Way

Denver, CO 80224-2412

(303) 758-3051

(800) 525-3580

(303) 758-6630 (FAX)

E-mail: stan@auroramkt.com

TONY SABINO, President
Regional Communications, Inc.
East 64 Midland Avenue
Paramus, NJ 07653-0144
(201) 261-6600

(201) 261-6304 (FAX)

E-mail: asj@rciwireless.com

H. DAVE SCHMIDTKE, Owner

D & L Specialties

214 Third Street, SW; P.O. Box 462
Faribault, MN 55021

(800) 500-8055

CAROLYN M. SERVIDIO, President
Radio Mate

4030-A Pike Lane

Concord, CA 94520

(510) 676-3376

(510) 676-3387 (FAX)

E-mail: radiomate@aol.com

ERIC D. STOLL, Ph.D., PE., Sr. Staff
Engineer

AlliedSignal Aerospace, GCS Div.
M/C-1/J12; Route 46 East

Teterboro, NJ 07608

(201) 393-2534

(201) 836-2351 (FAX)

E-mail: ericstoll@compuserve.com

PETER F. STURDIVANT, AA1FZ,
President

PFS Sales

Cold Springs Road, P.O. Box 830
Casco, ME 04077

(207) 655-7176

(207) 655-5467 (FAX)

E-mail: pfssales@ime.net

ELIOT F. TERBORGH, President &
CEO

SmarTrunk Systems, Inc.

23278 Bernhardt Street

Hayward, CA 94545-1621

(510) 887-1950

(510) 887-4011 (FAX)

E-mail: admin@smartrunk.com

WILLIAM T. (TOM) THORNTON,
President

Vertical Real-Estate, Inc.

11471 Twin Lake Lane

San Angelo, TX 76904

(915) 944-2563

(915) 944-2378 (FAX)

E-mail: tomttwr@aol.com

RAYMOND C. TROTT, P.E., President
Trott Communications Group, Inc.

1425 Greenway Drive, Suite 350

Irving, TX 75038

(972) 580-1911

(972) 580-0641 (FAX)

E-mail: trottgroup@aol.com

STEVE UHRIG, President
SWS Security

1300 Boyd Road

Street, MD 21154-1836
(410) 879-4035

(410) 836-1190 (FAX)
E-mail: steve@swssec.com

GARY P. WALLIN, Chairman
Wallin Group, Inc.

1087 Elm Street, Suite 412
Manchester, NH 03105-1030
(603) 623-1212

(603) 627-0029 (FAX)

E-mail: gary@wallin.com

ROGER D. WEBSTER, W8QFX,
Webster Associates, Inc.

115 Bellarmine

Rochester, MI 48309

(800) 521-2333

(888) 521-2333 (FAX)




Plaque Dedication to F. red Link... continued from page 25

brought a 1941 Ford sedan that he has restored
to duplicate the way the state police configured
such vehicles for patrol use in 1945. The vehicle
is equipped with a Link transmitter, receiver,
antenna and control head as it originally would
have had. ‘

A current patrol car that was on display is
equipped with a lowband VHF radio and other
electronic equipment that the state police expects
to replace with an upgraded trunked radio system.

Also on display was one of two disaster re-
covery vehicles with the capability to restore
CTS communications breakdowns resulting
from natural or man-made disasters. CTS it-
self consists of about 53 microwave relay sites.
Among other capabilities, the network will re-
place the telephone lines that now connect the
various lowband VHF base stations. Those
base stations will be replaced later with an
800 MHz trunked, two-way simulcast radio
system with voice, data and video capabilities.
Mobile data terminals will allow troopers to
make motor vehicle inquiries, wanted persons

and missing persons checks from the vehicle
without calling the dispatcher.

The disaster recovery vehicles use a variety of
systems to establish communications, including
satellite links, microwave interfaces, spread-
spectrum terrestrial links, telephone interfaces,
cellular interfaces, interoperational frequency
radio interfaces and an 800 MHz trunked system
with a backup site controller. The main purpose
of the vehicles is to substitute for the fixed CTS
microwave sites.

The Advent of Thin-Film Manufacturing... continued from page 39

channel amplifiers and the antenna. To counter-
act this effect, ultra-linear power amplifiers that
are difficult to produce must be used. For emerg-
ing PCS systems, which will have lower output
power requirements compared to the existing
800 MHz cellular systems, these amplifiers could
potentially be substituted with the use of lower-
cost HTS power combiners. Also distortion
originating in these amplifiers could be elimi-
nated by a low-loss “clean-up” filter.

Tests of these filters are ongoing at various
laboratories, at selected manufacturers of cellu-
lar equipment and at operating cellular base
stations.
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The U.S. NATIONAL MARCONI MUSEUM

Bedford, New Hampshire

The Guglielmo Marconi Foundation, U.S.A., Inc. & The U.S. National Marconi Museum is located in the historic
district of Bedfo:d, New Hampshire, marking the town’s link with Bedford, England, where Marconi spent much
of his childhood. The exhibits follow with equipment, literature, audio-visual presentations - the development of
radio communications from, “Spark to Space”. Displayed is early Marconi wireless equipment together with the
progression of radios up to the current cellular telephone exhibit. Included too, will be displays of early medical
RF therapy, broadcast, amateur, mobile two-way radio and personal communication system products.

An important aspect of the 14,000 square foot building is its John Frey Technical Library, containing thcusands of
radio communication periodicals some in a series dating from 1920. All the publications are indexed by subject,
author, date and publisher, cataloged on CD-ROM that can be accessed by Internet on the library computer. The
shelves also hold hundreds of engineering, text and reference books. The visitor to the museum will enjoy
browsing through historical literature.

There is a restoration room for repair of vintage radios, a machine shop and a facility room for educational lectures
to school groups, and for meetings of electronic oriented organizations. Plans are underway to house a 100 watt
FM broadcast station in the educational section of the FM band, with emphasis in its programming of world
scientific news.

Since the Museum is education oriented, the Marconi Legacy Fund has been established
to provide scholarships to students in the pursuit of studies related to the art of radio
communications. Your donation of vintage - and - modern electronic equipment, surplus
to your needs, will be most welcome to benefit the Marconi Legacy Fund. As the Marconi
Foundation is a non-profit corporation, all donations will be acknowledged for personal
and tax records.

For more information of how to contribute equipment, participate in the Marconi Legacy
Fund, or joining the Marconi Foundation, please contact:

Ray Minichiello, P.E., (W1BC) Chairman Visit our web-site at: www.marconiusa.org
The Guglielmo Marconi Foundation, U.S.A., Inc. Send E-mail to: raymin@marconiusa.org
18 North Amherst Road Tel. 603-472-8312

Becford, NH 03110 603-472-9746

FAX: 603-472-3622




The Radio Club of America, Inc.

Founded 1909, New York, U.S.A.

WORLD’S FIRST RADIO COMMUNICATIONS SOCIETY
APPLICATION FOR MEMBERSHIP

TO: THE EXECUTIVE COMMITTEE Date:

| hereby apply for O Regular Q Retired Q Student (please check one) membership in THE RADIO CLUB OF
AMERICA, INC. and certify that | meet the requirement for the grade selected. | further agree that, if elected, | will be
governed by the Club’s Constitution and By-Laws as long as | continue to be a Member.

Signature

Full Name:

(LasT) (FIRST) (INITIAL) (CURRENT AMATEUR CALL)
Home Address:

(sTREET)  (The above information is used for mailings and your membership directory listing.)

(crry) (STATE) (ziP copE)
Business Address:
(ORGANIZATION) (DivisiON)
(STREET) (ciTy) (sTATE) (ziP coDE)
Telephones: Home E-Mail Fax
Business Ext. E-Mail ‘ Fax
Birthplace: | Date of Bir’th:

Education and memberships in other clubs and societies:

In what particular branch of the communications art are you most interested?

Present occupation:

In what year did you become interested in electronic communications?

Previous experience (indicate approximate dates):
(A current resume may be attached to the application.)

Please list the name of a member to whom you are personally known and who will sponsor you.

Sponsor:

Mail this application to The Radio Club of America, Inc., 1620 Route 22, Suite 300, Union, NJ 07083, with applicable total due at initiation as
indicated on reverse of form. All monies to be issued in U.S. funds, drawn on a U.S. bank. International money orders and traveler’s checks
are accepted in U.S. funds, payable in the U.S. Checks should be made payable to The Radio Club of America, Inc.




The Radio Club of America was founded in 1909 by a group of the industry’s pioneers, and is the oldest active
electronics organization in the world. Its roster of members is a worldwide Who’s Who that includes many who
founded and built the radio industry.

The Club’s objectives include promoting cooperation among individuals interested in electronic communications and
in preserving its history. The Club administers its own Grants-in-Aid Fund to provide scholarships funded by tax-
deductible contributions from the Club’s members and their business organizations.

The Club publishes and distributes its Proceedings twice a year.

ENTRANCE FEE AND DUES

Membership Annual 3-Year Initiation Total Due

Category Dues Rate Dues Rate Fee At Initiation

Regular $35 $95 $40 $135 (includes 3 years’ dues)
Retired $20 $55 $25 $80 (includes 3 years’ dues)
Student $15 n/a $7 $22 (includes 1 year’s dues)

REGULAR member is a member not qualifed for RETIRED or STUDENT status.
RETIRED member is at least 65 years of age and fully retired.
STUDENT member is a full-time student at an accredited academic institution.

Recommendation of sponsor: (optional)

Sponsor Signature:
Date:

FOR OFFICIAL USE

Date Application received: Date and Amount
of Dues Received:

Admitted to Membership: Membership Certificate
and Pin issued on:
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PolyPhaser Corporation
designs quality lightning
protection and grounding
solution products to
safeguard today’s sophisticated
communications equipment.
Setting the standards
for the lightning
protection industry,
PolyPhaser believes
in providing products
which far exceed customer
requirements.WContact PolyPhaser
today for information about
their more than 2,500 models
of protectors for coax,
twisted pair and power. Also,
ask about their new line of
microwave filter products.
THE mbgmysg FINEST L;G HTNW’G‘:PRofrsCTIéN PRODUCTS.
.polyph . : : ;
e mait: nfo@polyphasercom _ PolyPhaser-
2225 Park Place / P.O. Box 9000
Minden, NV 89423-9000 U.S.A.

Toll Free: 800.325.7170
Tel: 702.782.2511 Fax: 702.782.4476

1ISO 9001 CERTIFIED




We built our new
mobile radio platform
on a solid foundation.

l} EFjohnson

M to FM.
Conventional to trunking. Tubes
to transistors to integrated circuits. For
nearly 75 years, E.F. Johnson has built one new
generation of radio technology on top of
another. We've formed a solid foundation for
new two-way radio products and systems—
like our 9800 Series mobile radio platform.
In Waseca, Minnesota, we're building the
first radios based on the 9800 platform.
The 9840 UHF conventional/LTR® trunking

mobiles feature a big, bright display, knob
controls, programmable function keys, and a
front-firing speaker for superior audio quality.
They deliver up to 40 watts of RF power,
with 12,5 kHz narrowband operation and
talkaround.

Best of all, the 9840 mobiles and 9800
platform give EF Johnson dealers a new,
competitive stance in an increasingly tough
wireless marketplace. Price, performance, and
Waseca reliability make the 9840s and 9800
Series a product line for building to the future.
Call us at -800-328-3911, or visit our web
site at www.efjohnson.com.

INTELLIGENT CHOICES FOR A WIRELESS WORLD."

9800 Series

©1997 EF. Johnson Company. Specifications subject to change without notice.
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