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Photo courtesy Radiation Laboratory, University of California. 

The illustration above shows the first 
giant cyclotron ever built. It was con
structed under Dr. E. 0. Lawrence's 
direction at the University of California. 
When completed, it weighed 80 tons 
and employed a 65-ton magnet cast 
originally for a Federal 1000-kilowatt 
arc converter. At the left is shown a 
view of work being completed on two 
of the magnet castings in the Federal 
factory at Palo Alto, California, in 1921. 
The magnet fields were originally cast 
in 1918 for a World War I project 
stopped by the Armistice. They were 
later intended for a radio station in 
China. Japanese opposition prevented 
completion of the Chinese station. 

Dr. Leonard Fuller, while vice presi
dent of Federal, learned of Dr. Law
rence's need of a magnet for producing 
a practical cyclotron. Federal, conse
quently, donated the casting to the 
University and also assisted in winding 
the magnet coils. 

Thus, to Federal's long history of 
scientific pioneering, can be added this 
contribution toward the disclosure of 
the secrets of atomic power. 
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Federal Telephone and Radio Corporation 
A Historical Review: 1909-1946 

By F. J. MANN 
�Managing Editor, Electrical Communication 

FEDERAL had its beginning in much the 
same manner as so many great enter
prises. First there was someone with an 

idea. When that idea became a reality, it served 
as the means to a growth which dwarfed even 
the imagined scope of the original concept. 

The man responsible for the founding of Fed
eral was C. F. Elwell , the company's first director 
and chief engineer. Elwell's idea was to find a 
practical method of transmitting voice by radio. 
His search led him far afield, but it resulted in 
founding an organization that later became re
sponsible for the discovery and development of a 
number of outstanding electronic and radio 
devices. 

Ia 1908, Elwell was a tall, athletic young man 
completing the course in electrical engineering at 
Stanford University, Palo Alto, California. He 
had been collaborating with Professors G. H. 
Clevenger and D. A. Lyon on the design of an 
electrical furnace for the reduction of iron on a 
commercial scale. This work was selected by El
well for his graduation thesis and he was devoting 
all of his time to it. He had not then even thought 
of going into radio work although he has spent his 
entire life since in the field of radio engineering. 

The McCarty Wireless Telephone 

for a microphone and the other for the make and 
break. This spark coil was to be part of a conven
tional , damped-wave spark transmitting circuit 
employing a fixed spark gap, capacitor, inductor, 
and antenna and ground. 

When a position to experiment with the M c
Carty patent was first offered Elwell , he turned 
it down because of the pressure of work on the 
electric furnace. He might also have rejected the 
proposal because of the hopelessness of expecting 
such a crude piece of apparatus to operate. How
ever, no one at that time had proved whether it 
would or would not work and at least several 
persons including the U.S. Patent Office thought 
it might. Elwell was invited a second time by the 
representative of the Henshaw brothers to under
take the research. The Henshaw brothers were 
anxious to learn whether the patent, on which 
they had already spent a considerable sum of 
money, was of practical value. This second offer 
was sufficiently attractive to cause him to agree 
to investigate the possibilities of the spark-coil 
radiotelephone transmitter. 

While on his trip east for the furnace trans
formers, Elwell purchased the necessary appa
ratus for the M cCarty transmitter. He returned 
to Palo Alto in the summer of 1908 and began 
work on the M cCarty patent at Stanford Uni-

Elwell was just about to make a trip east to versity. Since Mr. Timothy Hopkins, a trustee 
purchase three large transformers for the new of the university who was in charge during the 
furnace when he was approached to do research summer, objected to these experiments being 
on the M cCarty wireless telephone patent which carried on there, Elwell had to leave. He there
had been purchased by the Henshaw brothers, fore arranged for the purchase of a house in Palo 
bankers of Oakland, California. To persons fa- Alto located on the corner of Cowper Street and 
miliar today with high-fidelity radio broadcasting Embarcadero Road. 
from transmitters ranging in powers up to 200 Elwell erected two 75-foot wooden masts to 
kilowatts, the idea that anyone would consider support his transmitting aerial on the new prop
the M cCarty patent seriously for radiotelephone erty. The house he used as a laboratory and 
transmission seems preposterous. For this patent dwelling. The receiving station was located in a 
covered a device intended to permit radiotele- small wooden hut placed near the base of one of 
phone transmission by means of a spark coil the nearby Palo Alto water towers which served 
which was to be equipped with two primaries, one to support the receiving antenna. 

377 
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It Worked-but Not Well 

Two-way transmission and reception was not 
attempted since it was possible to see the receiv
ing hut from the transmitting station with the 
aid of a pair of binoculars. Elwell reports that he 
actually did succeed in transmitting telephone 
signals using this crude apparatus. As a matter of 
fact, the incident is recalled vividly to mind be
cause, as Elwell states, he had arranged with his 
assistant at the receiving station to signal the 
results of the experiments with a piece of paper 
placed at one of the four corners of the hut. The 
position of the paper was intended to indicate the 

· degree of reception. The assistant, however, used 
such a small piece of paper that Elwell could not 
see it through the binoculars. When Elwell re
turned to the microphone he shouted impatiently, 
"Why don't you put up a piece of paper I can 
see?" This time the assistant came out with a 
whole sheet of newspaper! 

Demonstrations given on August 29, 1908, 
were reported in the San Francisco, Oakland, and 
Palo Alto newspapers in glowing terms. Like 
flying and other new inventions of the time the 
idea of telephoning without wires had app�aled 
to the popular imagination and so any success at 
all was good newspaper copy. But Elwell had to 
report to his employers that the McCarty patent 
was not practical for commercial exploitation. 

This work on the transmission of voice with 
damped waves had completely diverted Elwell's 
interest from the electric furnace to radio. He 
had noticed that the few times he did obtain 
results with the McCarty transmitter occurred 
when he placed the spark gaps so close together 
that a small arc discharge took place, which gave 
slightly damped or nearly continuous waves. 
With the gaps so arranged it was possible to 
transmit intelligible speech and music over dis
tances up to five miles. Elwell became convinced 
that wireless telephony would only be commer
cially practical when a reliable system of gener
ating undamped or continuous waves of suffi
ciently high frequencies could be developed. 

Early Sources of Continuous Waves 

Although Dr. Lee de Forest had invented his 
audion in 1906, it was not until later when he 
was working in the Federal Palo Alto laboratories 
that he devised circuits for the oscillating audioq, 

At the time, therefore, only two sources of un
damped or continuous waves were known-the 
high-frequency alternator, then only in the de
velopment stage, and the Poulsen arc. Several 
one-kilowatt alternators had been made in the 
U. S. A. by Alexanderson to operate at a fre
quency of 50000 cycles. It was possible to 
transmit voice with these transmitters, but the 
extremely long wavelength made them imprac
tical except for. rather elaborate and costly in
stallations. 

Valdemar Poulsen, the Danish scientist in
vented the arc that bore his name in 1903. 'The 
original work on the arc was done in 1892 by 
Elihu Thomson who showed that direct current 
could be employed for the generation of oscilla
tory currents if capacitance and inductance were 
placed across a spark gap connected to the supply 
mains through large choke coils and a magnetic 
blast provided for the spark gap. Thomson ob
tained small currents at frequencies up to 100000 
cycles. In 1900, William Duddell substituted 
carbon electrodes for the spark gap and obtained 
continuous oscillations at audible frequencies. 
By immersing this arc in hydrogen gas , Poulsen 
was able to produce higher frequencies and to 
generate more power. The frequencies thus pro
duced were practical for the transmission of radio 
signals. 

Some reports of Poulsen's work had reached 
the United States by 1908. While in these papers, 
published in scientific and semiscientific journals 
(some of translations from speeches made by 
Poulsen) ,  there were indications of the potenti
alities of the Poulsen continuous-wave generator, 
very little had been done to make use of the in
vention· commercially. A syndicate was formed 
in Copenhagen to exploit the Poulsen arc patents 
and develop them for radiotelegraphy and radio
telephony. A station was erected at Lyngby, 
Denmark, and later a second station was set up 
at Esbjerg, 180 miles away. Over these stations 
it had been possible to carry on radio communi� 
cation, but little more had been done with the 
Poulsen arc by 1909. 

Predominance of the Spark Transmitter 

The vast expanse of the North American con
tinent seemed to offer great inducements to long
ciista1we radio cievelopment in th� U. S. A,. Nc:> 
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one had even thought of radio broadcasting, but 
the search for a practical method of radiotele
phone transmission was inspired by the idea then 
prevalent that the radio someday would replace 
wire telephony. Even Fessenden, an outstanding 
radio engineer and inventor of the time, wrote 
in 1909 in the Journal of Electricity, Power and 
Gas that radiotelephony would no doubt replace 
wire telephony, at least between cities. And yet, 
of 475 radio stations then in operation in the 
United States (1909) , all utilized the noisy spark 
transmitter. 1  As the size of these transmitters 
grew, the spark-noise became louder and louder 
so that radio rooms on ships were built like ice
boxes to keep the sound from disturbing pass
engers. Advocates of the spark transmitter were 
almost fanatical in its praise. 

When Elwell reported to the Henshaw brothers 
that the McCarty patent was worthless, he had 
already studied all the available literature on 
Poulsen's invention, which at that time was 
scant. Elwell had even cabled Poulsen to ask if 
he had sold his U.  S.  patent rights and, if not, 
what would be his terms. Poulsen cabled back 
promptly mentioning a price of a quarter of a 
miIIion dollars and stating other conditions. But 
when Elwell suggested working with the Poulsen 
arc to the Henshaw brothers they turned the 
suggestion down, saying they had had enough of 
wireless. 

The reluctance of the Henshaw brothers to 
invest further in the wireless business at the 
time is understandable. First, probably as much 
money was being sunk in worthless radio patents 
as in never-to-be-productive oil wells. The whole 
idea of communication without wires had so 
captivated the human mind that radio was an 
easy source of stock exploitation and speculation. 
Even at that early date, when the art was so 
crudely developed, money was being accepted for 
stock in television schemes. Further, the more 
solid citizenry placed great reliance on the spark 
transmitter and its possibilities. These were the 
persons who were still driving sleek horses and 
buggies and laughing at the noisy, ugly auto
mobile. Science had not yet reached the stage 
of precision where the new development could 
be evaluated in advance. So, like the horse and 

1 Robert H. Marriott, "United States Radio Develop
ment," Proceedings of the I.R.E., v. S, pp. 1 79-198; June, 
1917, 

. . 

First Poulsen arc brought to the U.S.A. from Denmark 
in 1909. Although rated at 100 watts, it actually delivered 
about fifty watts of radio-frequency power. With it radio
telephone signals were sent from North Palo Alto t� South 
Palo Alto, t!tere by demonstrating the efficacy of the Poulsen 
arc for radiotelephony. The early demonstrations with this 
arc led to the formation of Poulsen Wireless Telephone and 
Telegraph Company, predecessor of Federal. 

buggy, the spark transmitter was regarded as 
doing a good and practical job,  noisy as it. was, 
and the Poulsen arc was considered strange and 
just a little unbelievable. 

Elwell Goes to Denmark 

In view of all this skepticism, Elwell felt he 
should go to Denmark to see for himself what 
Poulsen could do. So in May, 1909, at his own 
expense since he could obtain no financial back
ing, Elwell travelled to Copenhagen. There he 
met Dr. Poulsen and Dr. P. 0. Pederson,2 
Poulsen's collaborator. The two Danish scientists 
took Elwell to a laboratory in Copenhagen where 
he heard the wireless telephone signals of the 
Lyngby station ten miles away. Elwell reports 
that the articulation was perfect although the 
signals were weak. 

The next day Elwell had his first view of the 
Poulsen arc at Lyngby. While at the Lyngby sta
tion, he also heard signals from the Esbjerg sta
tion 180 miles away. At the same time, Poulsen 
also showed him photographic recordings of dot 
and dash signals made at 200 words per minute. 
Because of this new rapid telegraph system, it 

2 "Peder Oluf Pedersen," Electrical Communication, v. 
20, n. 2,  pp. 133-135; 1941. 
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was explained to Elwell , the price of the U. S. 
rights to the patents had been raised to $450,000. 

Elwell was convinced that the Poulsen patents 
offered great possibilities for development in the 
U. S. A. He could see now that the silent, steady 
Poulsen arc, in conjunction with the high-speed 
telegraph system, had practical advantages for 
wireless telegraphy capable easily of overshadow
ing the noisy and slow spark station. Therefore 
this telegraphic development could and did be
come even more important than the radiotele
phone Elwell had travelled to Europe to see and 
hear. Even with all these possibilities, the deci
sion of a young man just out of college and with 
no financial backing to take the rights to the 
Poulsen patents back to America was, to say the 
least, ambitious. 

Buys Rights to Poulsen Arc 

Elwell negotiated with the Poulsen interests to 
buy the patents and, after investigating him care
fully through the American consul in Copen
hag_en , they agreed to an option for only $1 ,000 
in cash. Elwell also agreed to purchase two Poul
sen transmitters, one rated at 5 kilowatts and 
one at 12 kilowatts, for a total of $6,000, half pay
able as soon as he returned to the U. S. A. and 
half when the sets were ready. 

Elwell returned to New York elated over ob
taining the contract and full of hope of raising 
money necessary to form a company to develop 
the system commercially. He went to Wall Street 
and met Thomas Fortune Ryan and other leading 
financiers, but by then these men were very shy 
of wireless sc,hemes. There had been so much 
stock jobbing in damped-wave or spark wireless 
systems that the market in them was extremely 
bad. Elwel l decided from this reception that the 
option obtained in Denmark was going to be 
very difficult to finance. 

Unshaken in his faith in the Poulsen arc:, but 
realizing that financial backing would not be 
forthcoming so easily as he had originally hoped , 
Elwell that summer made a second trip to Den
mark. He was able to renegotiate the contract on 
easier terms requiring less cash and a greater 
amount in stock in the new company to be 
formed. With this new contract, he returned 
directly to Palo Alto. 

On his second trip to Denmark, Elwell had 
purchased a small Poulsen arc extravagantly 
rated at 100 watts. I t  consisted chiefly of a small 
hollow cube formed by two sides of marble with 
the other two sides, top, and bottom, of brass. 
The anode was mounted in the center of one of 
the marble slabs and the cathode in the center of 
the other. Thus the marble acted as insulator to 
the electrodes. It worked on 1 10 volts, d.c. , giving 
about one ampere. It was this arc Elwell took to 
Palo Alto, the first Poulsen arc in America. 

First Arc Telephone Conversations in 

America 

With the small Poulsen arc, Elwell constructed 
a wireless telephone on which he was able to 
transmit clear telephone signals from North Palo 
Alto to South Palo Alto, a distance of about one 
mile. This equipment convincingly proved the 
efficacy of continuous waves for radiotelephony 
and completely overshadowed the previous crude 
attempts with damped waves using a spark coil 
as a generator.  

Present at these first demonstrations were 
David Starr Jordan, president of Stanford Uni
versity, Dr. C. D. Marx, head of the civil en
gineering department, Prof. C. B. Wing of the 
civil engineering department, Prof. L. M. Hos
kins, head of the mathematics department, and 
many other members of the Stanford University 
faculty as well as prominent citizens of Palo 
Alto. All of these men were impressed by the 
demonstrations and convinced of the commercial 
value of the arc. When Dr. Jordan offered to put 
up $500 toward starting a company, a number of 
other faculty members and Palo Alto financiers 
followed with financial support. 

In October 1909, the Poulsen Wireless Tele
phone and Telegraph Company, direct prede
cessor of Federal, was formed as a California 
corporation. Assisting in the incorporation were 
R. W. Barrett, F. A. Wise, and M. A. Thomas, 
all Stanford University graduates. Among the 
first directors were Barrett and Professor Marx. 
Elwell was made director and chief engineer. The 
new company set up offices in the Foxcroft Build
ing, 68 Post Street, San Francisco, California. 

Although some cash had been collected in con
nection with the incorporation, a great deal more 
money was needed to purchase the patent rights 
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Photo courtesy C. F. Elwell 
The two 300-foot wo?den lattice masts of the old "Beach" station erected near Ocean Beach, San Francisco, in 1910. 

Lengths of cables prey1ously used to propel t�e �ld Ge�Y. Street cable cars in San �rancisco provided inexpensive guys 
for the two masts which were the first of their kmd built m the U.S.A. The first paid commercial messages handled by 
the Federal Telegraph Company were sent from this station. 

and to finance manufacturing facilities. Stock 
had been issued and it was planned to sell shares 
to small investors since large financial interests 
had refused to support this new radio venture. 

Stockton and Sacramento Stations 

Because so many radio stock ventures had 
proved failures and since it was still an age when 
seeing was believing, it was decided to build two 
stations at least fifty miles apart for radiotele
phone demonstrations. Sites in Stockton and 
Sacramento, California, were chosen for the first 
two radio stations to employ the new system. I t  
was planned to use the transmitting apparatus 
purchased from Denmark and which was sched
uled for early delivery to the U. S. A. 

Two 180-foot masts were erected at each site, 
each mast consisting of 90-, 75- ,  and 60-foot poles 
spliced together. These poles had to be towed to 

each city behind the river steamer which then 
traveled regularly from San Francisco, because 
they were too long to be taken on board. 

The two Poulsen transmitters finally arrived 
in New York and the company, from its small 
financial resources, was forced to pay $4,500 duty 
on them before they could be shipped to Palo 
Alto. In addition, the fare and expenses of three 
Danish engineers had to be provided so that they 
could come to the U. S. A. and install the new 
apparatus. The three engineers, Peter V. Jensen, 
F. Albertus, and C. L. Schou , duly arrived and 
set up the apparatus at Sacramento and Stockton 
early in February, 1910.  It is interesting to note 
that Jensen and Albertus left the company, along 
with E. S. Pridham, one of the company's first 
engineers, shortly after to go into business for 
themselves. The name of Jensen is now well 
known as a manufacturer of loudspeakers. 
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Photo courtesy C. F. Elwell 
The first complete arc transmitter and receiver built by Federal. The microphone for radiotelep

.
hony with its many 

"buttons" to permit handling heavy currents may be seen in the center of the rear panel. From left to nght, are D. Perham, 
C. Albertus, and Peter V. Jensen. Jensen later became well known as a manufacturer of loudspeakers. 

While the two new stations were being tested, 
the operators of a large spark station located in 
Sacramento attempted to break up the tests by 
creating interference. This practice was not un
usual in the days before radio laws were enacted 
in the U. S. A. and was accomplished simply by 
turning the transmitter on and letting it run or 
by "putting a brick on the key." The broad
tuning spark transmitters blanketed all reception 
in the vicinity and many were the rival radio 
stations put out of business by this process. At 
least these operators recognized the arc stations 
as potential rivals, a rivalry that was to continue 
for years after between the arc and the spark. 
The interference from the spark station did break 
up telephone tests, because the conventional de
tector and receiver were used for radiotelephone 
reception, but it had little or no effect on arc 
telegraph signals since a new type of detector, 
called a ticker, was used for reception of the 
undamped waves from the arc. 

Dr. David Starr Jordan Officiates at Opening 

The two stations were opened officially on 
February 19, 1910, with the press and public in
vited to attend the ceremonies. Dr. David Starr 
Jordan, president of Stanford University, had 
consented to go to Sacramento to officiate at the 
opening ceremonies. The following excerpt from 
an article which appeared in the Sacramento 
Sunday News February 20, 1910, gives some idea 
of the reception the press gave this opening : 

David Starr Jordan, eminent scientist as he is, probably 
enjoyed an experience yesterday in this city that had never 
been his lot before. 

He went out to Elmhurst and conversed through the 
wireless telephone station there with a Stockton man fifty 
miles away. Dr. Jordan freely expressed his gratification 
over the experience. 

The instrument certainly ranks with the world's greatest 
achievements. The instrument somewhat resembles the 
ordinary telephone, but is much larger. A Sunday News 
representative was among the considerable number who 
went out yesterday to test the new discovery by the prac
tical method of holding conversation through it. The re
sponse from Stockton where the receiving end is at present 
located was rendered in a far clearer voice than the wire 
telephone is capable of. The tone was wholly free of the 
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metallic sound common with the regulation instrument. 
The voice was startingly natural. The Stockton man ren
dered Yankee Doodle with such effect as might have been 
expected had he been present on the spot. 

The capability of the invention is not limited to the mere 
transmission of sound. By a simple contrivance the telephone 
will carry three hundred words or more per minute and 
reproduce them faithfully at the receiving end. 

The wireless telephone is free of the impediments that 
have been observed in the wireless telegraph that has been 
exhibited here. It is noiseless, to begin with, and there is 
no delay in reaching the receiver of any message desired 
to be sent. In point of speed and dependability the regula
tion telephone has no advantage whatever over the wire
less, while the latter excels the old immeasurably in numer
ous respects. 

R A D  I 0 C O R P O R A T I O N  383 

A Laboratory in a Shed 

Since a third arc transmitter would be needed 
for the new station, the company decided to be
gin manufacture of its own arcs. Property was 
purchased at the corner of Emerson Street and 
Channing Avenue in Palo Alto. The new property 
had a small house near the corner and a shed in 
back of it fifteen feet wide by thirty feet long. 
This shed was doubled in size and became the 
first factory for the construction of Poulsen arcs 
in the U. S. A. This same shed later took on 

Although sales of shares in the company, further historical significance since it was there 
following the opening 
of the two stations, 
were good, the amount 
of each sale was small. 
It was soon realized 
that more substantial 
capital would have to 
be attracted to provide 
the funds for the pat
ents and to permit the 
company to expand. 
However, there were 
still doubts expressed 
about the new system. 
One of the chief diffi
culties experienced with 
spark transmitters was 
their broad tuning and 
resultant interference 
when more than one 
station was operating 
at the same time. With 
only two arc stations, 
the sharp-tuning fea
ture of undamped-wave 
transmission, a feature 
which finally delivered 
the death blow to 
damped-wave trans
mission, could not be 
demonstrated. It was 
decided, therefore, to 
build a third station at 
San Francisco in order 
to show that a number 
of continuous-wave 
stations could operate 
simultaneously without 
interference. 

Federal's first laboratory and factory located on Emerson Street �nd Channing Avei;ue, 
Palo Alto, California. The first Federal arcs were manufactured 1n the corrugated iron 
shed behind the cottage which was used as a laboratory. The shed became a place of 
historical significance when, in 1912, Dr. Lee de Forest and his assistants developed the 
audion amplifier and vacuum tube oscillator there. 
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Photo courte.y C. F. Elwell 

that Dr. Lee de Forest 
and his assistants dis
covered the audion am
plifier and the vacuum 
tube oscillator. 

The first 5-kilowatt Poulsen ates built in the U.S.A. With new design features in
corporated by Federal, these four arc converters were the initial products of the Federal 
factory, which then occupied a space 15 by 30 feet. Kneeling behind the arcs is C. 
Albertus, Danish engineer, and to the right is D. Perham, a Federal employee. 

Four 5-kilowatt arcs 
were designed and built 
at the new plant. These 
arcs were an improve
ment over the Danish 
arcs since they were de
signed for continuous 
operation. The Danish 
arcs would heat up after 
a short period of opera
tion, making it neces
sary to turn them off 
for a cooling period. 
But the arcs built at 
Palo Alto were equip
ped with water-cooling 
and other devices to 
make them more rug
ged, foolproof, and effi

Complete 12-kilowatt Federal arc transmitter set up for 
test at Federal's first factory in Palo Alto, California. 

cient. While the arcs were being built, auxiliary 
apparatus for the transmitters as well as re
ceivers had to be designed and constructed so 
that the new factory became a complete plant 
capable of turning out fully equipped radio 
stations. 

The "Beach Station" at San Francisco 

By this time, it was evident that the stations 
being built could be used for the commercial 
transmission of messages as well as for demon
strations to prospective investors. With Los 
Angeles, 340 air miles from San Francisco, al
ready chosen as the site for the fourth station, 
it was decided to build a more powerful trans
mitter in San Francisco. A lease was taken on a 
block of land near Ocean Beach, San Francisco, 
and on this sand dune two wooden lattice masts, 
each 300 feet high, were erected. In order to save 
money, old lengths of cable which had served to 
propel cable cars along Geary Street in San 
Francisco were purchased and used to guy the 
300-foot masts and support them against the 
Pacific Ocean gales that often blow along the 
beach. 

This familiar " Beach Station" has since bowed 
its proud wooden latticework to the progress of 
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Photo court'"y C. F. Elwell 

Interior view of the San Francisco "Beach Station" as it looked in 1909. This photograph shows a side view of the large 
and rather complex special carbon microphone used to modulate the arc transmitter for radiotelephony. 

science. In  its day it was a welcoming sight to 
incoming ships, whose masters used the towers to 
obtain a "fix" of their position. It also was the 
first commercial station to upset the notion that 
radio signals· could only be efficiently received 
and transmitted high above sea level. 

I n  order to cover the distance to Los Angeles, 
it was also decided to use 12- instead of 5-kilowatt 
arcs. So the four 5-kilowatt arcs built at the Palo 
Alto plant :were installed in the Stockton and 
Sacramento stations, in duplicate, and 12-kilo
watt arcs were built for San Francisco. It became 
the practice from then on always to provide a 
station with duplicate arcs so that one could be 
cleaned and adjusted while the other was in use. 

With the third station in operation, it was pos
sible to prove to skeptics that three stations could 
transmit simultaneously without interfering 

Photo courtesy C. F. Elwell 
One of the earliest receiving cabinets built by the 

Federal Telegraph Company in 1911. The small disks at 
the bottom were jacks to permit telephones, detector, and 
ticker to be plugged in. 
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with one another. It was 
easy to show that by 
simply turning a knob 
a very small amount, 
Stockton or Sacramento 
could be heard at will. 

Photo courtesy C. F. Elwell 
The Federal Telegraph Company South San Francisco station in 1!113. This station was 

equipped for duplex operation so that two operators could handle messages at the same 
time. The transmitters were 30-kilowatt arcs. 

The San Francisco 
station was placed in 
operation in July, 1910. 
The demonstrat ions 
brought Beach Thomp
son, another Stanford 
graduate, to the station. 
Thompson had recently 
made a reputation for 
himself on the West 
Coast by organizing and 
financing the establish
ment of a new electric 
power line in to San 
Francisco. He became 
interested in the system 
and proposed the for
mation of a new com

Photo courte.y C. F. Elwell 
One of two 606-foot wooden lattice masts erected at 

South San Francisco in 1913 to permit reliable communica
tion with the Federal station in Honolulu, where two 
similar masts were in service. These were the tallest 
wooden lattice masts ever built. 

pany with a recapitalization in order to provide 
working capital for further development. 

Poulsen Wireless Corporation 

In  January, 19 1 1 ,  therefore, the Poulsen Wire
less Telephone and Telegraph Company was 
reorganized and the name was shortened to 
the Poulsen Wireless Corporation with Beach 
Thompson as president. Among the principal in
vestors were E. W. Hopkins, George A. Pope, and 
J .  Henry Meyer, all of San Francisco. Poulsen 
was paid $500,000 in cash and bonds in the new 
company for exclusive rights in the United States, 
including Alaska, Porto Rico, Hawaii, the Philip
pines, and Cuba. The original board of directors 
of the new enterprise included the names of 
Charles D. Marx, S. E. Slade, and Charles R. 
Bishop. 

Almost from the inception of the old Poulsen 
Wireless Telephone and Telegraph Company, 
there had been a company set up as a wholly
owned stock company with a capitalization of 
only $100,000. Known first as the Wireless De
velopment Company and later as the Federal 
Telegraph Company, this company had been or
ganized for the purpose of avoiding high taxation 
in case business was done with states that set 
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Photo courtesy C. F. Elwell 
Interior of the rapid telegraph room at the South San Francisco station. Traffic was handled here at speeds up to 180 

words a minute, almost an unheard of speed at that time and a rate not often exceeded today. 

their tax rate on the capitalization of the com
pany. Since little or no business had been trans
acted outside the state of California, the Federal 
name had not been heard of until the reorganiza
tion. With the Poulsen Wireless Company as 
the holding organization and Federal Telegraph 
Company as the operating company, all business 
was transacted through Federal and the Federal 
name soon became known throughout the world. 
Poulsen arcs were shortly being called Federal
Poulsen arcs and a few years later Federal arcs. 

The first statement issued by the board of di
rectors of the new company was thoroughly con
servative and hardly forecast a great future : 

The system has been demonstrated by us to be reliable 
for distances up to 750 miles at any time of day and night 
in any kind of weather and over land or water. Devices 
derr_ionstrated by us in the laboratory, but not yet in the 
fiela, give promise of far greater distances. Dr. Poulsen, 
according to our latest advices, is now sending as high as 

245 words a minute over land for distances over 900 miles, 
at any time of day. We have sent 300 words a minute from 
San Francisco to Stockton, but have not tried the rapid 
devices for greater distances. We are now talking by wire
less telephone between San Francisco, Stockton, and Sacra
mento, but , have not yet installed telephones at greater 
distances. Dr. Poulsen states, however, that he is able to 
hear the human voice clearly and distinctly for a distance 
of 420 miles. 

Beach Thompson continued as president of the 
company until his death some four years later, 
and in 1915 George A. Pope became the second 
president. 

More New Stations 

The Los Angeles station was built in 191 1 and 
Federal opened offices downtown, both there and 
in San Francisco, to take public messages be
tween the two cities. The first day's income was 
a little over five dollars, but it increased steadily 

daily thereafter. Since this service was in direct 
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competition with the two wire telegraph com
panies then operating on the west coast, a special 
rate was established to attract the public. This 
rate was set as the same for fifteen words and 
address as the wire companies charged for ten 
words and address. Also, 50 words and address 
were accepted for one and a half times the regular 
rate for ten words for transmission any time dur
ing the day at the company's convenience. This 
was the first day letter rate. Night letters carried 
75 words and address for the same price as ten
word telegrams. 

Because of the success of this communications 
business, it was decided to push service to the 
north and to the east. Stations were built in 
rapid succession at Portland, Seattle, El Paso, 
Fort Worth, Kansas City, and Chicago. In Chi
cago, the 26-story Transportation B uilding was 
used to support the station's 80-foot steel masts 
and the transmitter was installed on the twenty
second floor. 

Atmospherics caused a great deal of trouble, 
especially in the daytime. To improve the speed 
and reliability of daytime service, two relay sta
tions were built, one at Medford, Oregon, and 
one at Phoenix, Arizona. These stations also pro
vided additional centers for business. At night, 
it was usually possible to skip the relay stations 
and work longer distances directly, such as be
tween San Francisco and Kansas City. By 1912 ,  
14 of these stations in  the U.  S .  A. were com
peting with the wire telegraph companies. They 
communicated regularly over distances of 500 
miles in the daytime and 1000 miles at night. 

Those ·were great distances then and demon
strated decided progress. 

The Honolulu Station 

At this time, the cable rate from San Francisco 
to Honolulu and Manila was 35 cents and $ 1 .08 
a word, respectively. I t  was determined that 

Photo courtesy C. F. Elwell 
Operating room of the Federal 12-kilowatt station at Fort Worth, Texas, as it looked in 1912. Although the operating 

table closely resembles the first one built by Federal, no large-sized microphone was included as the original application 
of the arc to telephony had been superseded by the more pressing commercial demands for telegraphic communication. 
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actual cost of transmission between Honolulu 
and San Francisco would not be much greater 
than, say, between Chicago and San Francisco, 
for which an average of three cents a word was 
received. The board of directors of Federal, pre
sented with these facts, provided the funds to 
build a Honolulu station and also to construct a 
larger station at San Francisco. Work on this 
project was expedited when it was discovered 
that the rival radio company, still using spark 
transmitters, was planning to build a big station 
in Honolulu. 

As soon as this last fact was known, Federal 
lost no time in getting its chief engineer to Hono
lulu to erect the new station there. I n  fact, since 
no cabin was available on the next boat, he was 
accomodated in the officers' quarters. This great 
haste was reasonable enough, because in those 
days, once a high-power radio station was built, 
no one else would be foolish enough to build 
another station within many miles of it. 

Federal had not previously erected any masts 
higher than 300 feet nor employed power greater 
than 12  kilowatts. At that time it was understood 
that the radiated power increased with the square 
of the height of the antenna and also with the 
square of the number of antenna amperes. So it 
was decided to quadruple the radiated energy by 
raising the mast height to 440 feet and by in
creasing power to 30 kilowatts. 

A 2400-Mile Station in 47 Days 

With the aid of two riggers from San Francisco 
and 25 Chinese and 25 native laborers, the 
Honolulu station was completed in May, 1912 ,  
4 7  days after work was started. The new, more
powerful San Francisco station, located at South 
San Francisco in order not to be too close to the 
old station at Ocean Beach, had been placed 
in operation before the Honolulu station was 
started. Night communication between the two 
stations, a distance of approximately 2400 miles, 
was good, but daylight signals were not always re
liable because of the prevalence of atmospherics. 

An office was opened in Honolulu in competi
tion with the cable company and the 35 cent
per-word cable rate was reduced to 25 cents. The 
press rate of 1 6  cents a word was reduced to two 
cents a word and a contract entered into with 
the local Honolulu newspaper for a minimum of 

P hofo courtesy C. F. Elwell 
The Chicago station of the Federal Telegraph Company 

was located on the 26th floor of the Transportation Build
ing. Two steel masts, illustrated in the above photograph 
taken in 1913, were built atop the building to support the 
antenna system. 

1500 words a day. Previously, 1 20 words daily 
was the maximum of outside world's news re
ceived by the islanders. 

To increase the strength of the daylight signals 
and improve reliability, 606-foot masts were later 
erected at both the Honolulu and San Francisco 
stations, and power was raised to 60 kilowatts. 

Dr. Lee de Forest Heads Research 

While these stations were being set up and 
more and larger arcs were being designed and 
installed, other developments took place in the 
tiny laboratory in Palo Alto that were destined 
to have a sweeping effect on wire telephony as 
well as radio communications. In  July, 1 9 1 1 ,  Lee 
de Forest, inventor of the three-element vacuum 
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Photo wurtesy C. F. Elwell 
Federal Honolulu station showing buildings and the two 606-foot wooden lattice masts 

as they appeared in August, 1912. 

Photo courtesy C. F. Elwell 
Power plant for th� Honolu�u station showing the relatively huge gasoline engines used to 

drive the direct-current generators for the arc converters. 

tube he called the 
audion, became head 
of the research labora
tory. A radiotelephone 
company de Forest had 
organized in San Fran
cisco had failed and 
Federal bought up some 
of de Forest's equip
ment and made him a 
member of the labora
tory staff. 

Dr. de Forest had 
been employed spe
cifically to attempt 
to develop a satis
factory vacuum tube 
detector for arc recep
tion. The old-fashioned 
ticker was still in use 
then and it was never 
a too-efficient instru
ment. The first audions 
were purchased from 
MacCandless of New 
York, at the time the 
only manufacturer of 
three-element vacuum 
tubes. Later, a firm in 
Oakland began their 
manufacture to de For
est's specifications. 

C. V. Logwood-the 
Practical Experi
menter 

When de Forest was 
made head of research 
at the Federal Labora
tory, he was assigned a 
young man by the name 
of C. V. Logwood as his 
assistant. Logwood had 
been an amateur radio 
experimenter. He had 
not had much technical 
education, but he was a 
born experimenter. His 
first achievement at 
the laboratory was to 
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design a rotary ticker-detector the cost of which 
was a fraction of that of the elaborate, gold-wire, 
vibrating type brought over from Denmark. Log
wood simply roughened the pulley of a $1 .25 toy 
electric motor and arranged a small piece of steel 
wire so that it bore on the roughened groove. The 
result was a ticker which gave stronger and 
better sounding signals than the much more ex
pensive type then in use. 

At first the differences between the two men
de Forest a doctor of philosophy from Yale, and 
Logwood a practical experimenter of the type so 
common in America,·  but with little formal 
education-caused some friction. These differ
ences soon ironed themselves out, however, and 
together, in the Federal laboratory, they made 
two of the most important discoveries of their 
time and, even after they left Federal , they 
worked together and filed numerous joint patents. 

Invention of the Audion Amplifier 

In August, 1912 ,  Logwood, while experiment
ing with the de Forest audion, hooked three stock 
Federal PN audion detectors in cascade, each 
connected to separate filament and plate bat
teries. With a microphone in the input of the 
first unit and a pair of headphones hooked up to 
the last unit, the ticks of a watch placed in front 
of the microphone were amplified so that the 
headphones reproduced them loud enough to be 
heard all over the room. It was even possible to 
hear a fly walking on a piece of drawing paper 
placed before the microphone. This was the 
first application of the audion, or three-element 
vacuum tube, as an amplifier. 

In September, 1912,  Federal sent the first self
contained three-stage amplifier to Washington, 
D. C . ,  to demonstrate it to the U. S. Navy. This 
amplifier incorporated the three audions in a 
single box with suitable switches, resistors, trans
formers, etc. , with the plate battery inside and 
with terminals for a single external battery to 
light the filaments. Dr. Louis Austin, then head 
of the U. S. Naval Radiotelegraphic Laboratory, 
took the amplifier to the Bureau of Standards 
and measured its amplification. With the crude 
methods available at the time, amplification was 
calculated to be 1 20 times. 

Photo courtesy C. F. Elwell 
Three-stage de Forest audion amplifier of the type first 

built by Federal in 1912. This is the earliest known com
mercial cascade audio-frequency amplifier and is the type 
demonstrated to the U.S. Navy in September, 1912. At 
that time, tests made by Dr. Louis Austin, then head of 
the U.S. Naval Radiotelegraphic Laboratory, indicated the 
amplifier increased the signal intensity by 120 times. 

Discovery of the Audion Oscillator 

While experimehtation was progressing on the 
amplifier, another engineer by the name of van 
Etten, who was working with de Forest and Log
wood, noticed that the audions had an annoying 
tendency to produce unwanted squeals in the 
headphones. Further investigation of the phe
nomenon by de Forest revealed that the audions 
were oscillating and producing not only audible 
squeals but inaudible radio frequencies as well. 
In fact, when an audion was hooked up in the 
laboratory with capacitance and inductance like 
a Poulsen arc, it generated undamped oscillations 
identical to the oscillations from the arc. The 
audion oscillator, moreover, had two important 
advantages over the arc. It could be made to 
operate on power down to a fraction of a watt 
while the smallest Poulsen arc capable of satis
factory operation consumed at least 100 watts. 
Also, the audion could be operated at much 
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higher frequencies than the arc and with greater 
stability. 

I n  a sense, then, it may be said that the arc 
actually spawned its own successor. For, while 
arc transmission enjoyed a position of pre
eminence in radio for over twenty years, it has 
now been replaced by the vacuum tube trans
mitter. Actually, this accidental discovery of the 
vacuum tube as an oscillator and the invention 
of the vacuum tube amplifier may be said to have 
started a whole new division of science now 
known as electronics, since most vacuum tubes in 
use today are employed either as oscillators or 
amplifiers. Fortunately, van Etten kept notes on 
the experiments ; for, when the whole question of 
patent rights to these inventions came up later 
in the courts, it was his notes that established 
the fact that the original work was done in the 
Federal Telegraph Company's Palo Alto labora
tories in August, 1912 .  

Audion Amplifier Aids Telephony 

In  October, 1912 ,  de Forest took the audion 
amplifier to New York and demonstrated it to 
officials of the American Telephone and Tele
graph Company. Telephone engineers had been 
seeking such a device for years to extend the dis
tance a telephone conversation could travel over 
open-wire lines. The limit then was about 900 
miles. Early in 1913 the Telephone Company 
bought the wire telephone rights to the amplifier 
from de Forest and later it purchased the tele
graph rights. In  subsequent litigation, the courts 
decided that Federal was to retain the shop rights 
in this invention because of the development 
work done in its laboratory. 

The fact that Federal kept the shop rights in 
these basic de Forest patents was of great im
portance to the company after World War I 
when the vacuum tube became so important in 
radio broadcasting, high-power transmission on 
short wavelengths, and the construction of ampli
fiers for loudspeaker operation. When the Radio 
Corporation of America was formed shortly after 
the war for the purpose of pooling the patents of 
a number of communications companies, the 
American Telephone and Telegraph Company 
turned the de Forest patents into the Radio 
Corporation pool. The Federal Telegraph Com
pany was, therefore, for a number of years the 

only company in the United States outside of the 
Radio Corporation group in a position to supply 
equipment in all fields of radio and other phases 
of electrical communication based on these funda
mental and controlling de Forest patents. 

U.S. Navy Adopts Federal Arcs 

The year 19 12  was an eventful one in Federal's 
history. That was the year when the company 
had established itself in the communications 
business with radio stations as far east as Chicago 
and with a station in Honolulu. I t  was the year 
when the laboratory in Palo Alto was the scene 
of two epoch-making developments in radio : the 
audion oscillator and the audion amplifier. And 
1912 was also the year when the United States 
Navy officially adopted the Federal arc. 

When Federal's chief engineer took the audion 
amplifier to Washington in September, 1912 ,  he 
saw Admiral Hutch I .  Cone and requested per
mission to demonstrate a Federal arc to the Navy 
Department. The Navy had then just completed 
its new 100-kilowatt spark station at Arlington, 
Virginia. This station had taken three years to 
build and was considered the last word in radio 
equipment with its one 600-foot and two 450-
foot self-supporting steel antenna towers. The 
navy had tested all the various types of spark 
systems then available and had finally decided 
on the 100-kilowatt Fessenden transmitter. 

Had Federal not successfully established its 
2400-mile circuit between Honolulu and San 
Francisco, a prestige-making feat in days when 
a jump of 1000 miles was considered unusual, the 
Navy might not have considered the arc. After 
all, the Navy officials were naturally very pleased 
with their brand-new 100-kilowatt Arlington 
spark station which they considered the most 
up-to-date high-powered radio equipment avail
able. As it was, Admiral Cone reluctantly granted 
permission to a test of the arc at Arlington, but 
he also issued a proviso "not to put any nails or 
screws in the floors, walls, or ceilings of the 
station. " Dr. Austin was openly skeptical of the 
performance of the arc when he heard that the 
30-kilowatt transmitter planned for the demon
stration would put only about fifty amperes into 
the antenna. "What is the use of fifty," asked 
Dr. Austin, "We have over a hundred."  When 
it was pointed out that Federal considered an 
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ampere of continuous 
waves worth two am
peres of damped waves, 
Austin replied , "Rub
bish , an ampere is 
an ampere the world 
over. " 

To comply with Ad
miral Cone's injunction 
not to mar the new 
Arlington station in any 
way, a wooden frame 
eight feet long, eight 
feet high, and four feet 
deep was built. In this 
frame was suspended all 
the apparatus neces
sary for the 30-kilowatt 
arc. Next to the huge 
Fessenden spark trans
mitter, the arc trans
mitter looked small and 
ridiculously uncompli
cated. 

Arlington to Hono
lulu in One Hop 

The day the arc was 
installed (December 8,  
1912) , communication 
was established be-

Circuit of the first experimental audion amplifier as developed under the direction of 
Dr. Lee de Forest in Federal's Palo Alto laboratory in 1912. This diagram served as an 
important document when the question of patent rights to the invention of the amplifier 
came up later in the courts. It helped establish the fact that the prior work was done in 
Federal's laboratory which subsequently won for Federal the shop rights to the invention. 

tween Arlington and 
Federal 's South San Francisco station. This was 
considered phenomenal by officials of the Navy 
since, up to that time, the Navy had not suc
ceeded in contacting its Mare Island station 
in California, almost the same distance. The fol
lowing night, messages were exchanged between 
Arlington and Federal's Honolulu station, a 
distance of 4500 miles and a record for that time, 
especially since, during the period of transmis
sion, Honolulu was still in daylight. 

Arc Proved Superior to Spark 

Dr. Austin insisted that more scientific tests 
be arranged to compare the relative performances 
of the 30-kilowatt arc and the 100-kilowatt spark, 
so the arc was rented by the Navy for further 
study. He first arranged audibility tests at Key 
West, Florida, where, in spite of the fact that the 

arc was radiating only one-quarter of the energy 
transmitted by the spark, signal strengths of 
both transmitters were equal. Later tests at 
Colon, Panama Canal Zone, yielded significant 
results inasmuch as the messages sent with the 
arc were received through the heavy tropical 
static while those from the spark were not. 
During this period, the cruiser Salem travelled 
as far as Gibraltar in order to compare the two 
systems thoroughly. 

While tests on the arc were in progress, Dr. 
Austin also had an opportunity to make com
parative tests of Federal's receiving equipment 
against the receiver then in use at Arlington. The 
official Navy receiver at that time was the IP76 
and Naval radio experts considered it the last 
word in radio receivers. However, in audibility 
tests, Dr. Austin found that the Federal receiver 
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provided from 2 .8  to 4.6 times as much energy 
as the IP76. Thus, Federal not only had a su
perior transmitter in the arc, but it also proved 
to be ahead in the design of receiving sets. 

U.S. Navy Installs High-Power Federal Arcs 

Following these tests, the United States Navy 
ordered a 100-kilowatt arc for installation at 
Darien, Panama Canal Zone. Along with the arc 
transmitter, the Navy also purchased Federal 
ticker receivers, equipped with oscillating au
dions for the shorter-wave work. This equipment 
was installed in 1913 ,  thus making the United 
States Navy the first in the world to adopt con
tinuous-wave transmission. In quick succession, 
the Navy purchased 350-kilowatt arc trans
mitters for stations at Pearl Harbor, Hawaii, and 
Cavite, Philippine Islands. The Federal arc con
verters for both these stations were of the oil
immersed, water-cooled type capable of furnish
ing 350-ampere antenna current continuously. 
These arcs looked like small vertical power
station generators. They were nine feet two and 
a half inches tall, seven feet four inches wide, and 
twelve feet long. Each magnetic field weighed 65 
tons. A smaller station of 200 kilowatts capacity 
was also installed at San Diego, California, to 
work with the two Pacific stations. Some idea of 
the confidence the Navy had in the ability of the 
arc to work long distances may be gathered from 
the mileages between the stations. The distance 
from Cavite to Pearl Harbor is 5300 miles, from 
Pearl Harbor to San Diego 2600 miles, and from 
Cavite to San Diego 7800 miles. 

Federal Inaugurates Ship-to-Shore Service 

In 1914,  the Federal Telegraph Company en
tered the marine radio field by inaugurating a 
ship-to-shore service and manufacturing radio 
equipment for installation on ships. This service 
was introduced at San Francisco and, for the first 
time, ships plying between San Francisco and 
Honolulu were able to secure daylight communi
cation practically anywhere between these points. 
In 192 1 and 1922 the service was extended by 
the establishment of coastal stations at Los 
Angeles, California, and Portland , Oregon. 

During the years that followed the adoption of 
the arc by the Navy until the United States 

entered World War I in 1917 ,  the Federal Tele
graph Company devoted most of its manufactur
ing efforts to providing radio equipment for the 
United States Navy. Since so many of the trans
mitters were 60 kilowatts or over with arc con
verters weighing as much as 85 tons, the plant 
was moved to a new site in Palo Alto close to a 
railroad siding. The small group of employees 
had, by this time, grown from about a dozen to 
over 200. 

A 1000-Kilowatt Arc Station 

It was during this period that the U. S. Navy 
Department set up a comprehensive radio system 
all over the United States and its possessions. In 
addition to the four Navy stations previously 
mentioned Federal arc stations were built and 
placed in operation at Sayville, Long Island ; 
Tuckerton, New Jersey ; Annapolis, Maryland ; 
Guam ; and Porto Rico. After the United States 
entry into the war , the U. S. Navy ordered two 
1000-kilowatt arc converters for installation at 
Bordeaux, France, with a view to supplementing 
the existing means of communication between 
France and the U. S. A. This was the famous 
Lafayette Station, the most powerful radio sta
tion ever built. Installation by Federal engineers 
was begun in 1918,  but the Armistice halted 
work for a while until negotiations were made 
for the French Post Office to operate the huge 
station. It was finally completed and opened in 
December, 1920, and arcs were used until 1936 
when the station was converted to vacuum tube 
operation. 

Operating Innovations 

By 1917  the Federal Telegraph Company's 
chain of radio stations along the Pacific Coast 
was doing such good business that duplex circuits 
were set up between Los Angeles and San Fran
cisco. These circuits permitted transmission of 
two messages between two points simultaneously. 
Also, one-way "break" systems were set up be
tween Los Angeles and San Diego, Los Angeles 
and Phoenix, and San Francisco and Honolulu. 
The break system permitted the receiving oper
ator to break in on the transmitting operator 
whenever an error occurred or, for some other 
reason, continuity of reception was interrupted. 
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At most places, the Federal Telegraph Com
pany receiving station was located at a central 
point in the city being served and the trans
mitter, usually on the outskirts of the city, was 
operated by remote control from the receiving 
office over leased wires. 

Operating innovations such as duplexing and 
break systems were only a few of the many in
genious methods employed by Federal to sim
plify and speed the handling of messages. As 
early as 1913 ,  Federal installed Wheatstone, tape
operated, Brown relay keying between San Fran
cisco and Los Angeles. Messages could be sent at 
80 words per minute and were received on the 
Telegraphone, another Poulsen invention, which 
permitted recording of sound on a rapidly moving 
steel wire. After the signals were recorded , the 
wire was run at a slower speed so that the oper
ator could transcribe the message directly on his 
typewriter.  The Federal audion amplifier made 
this development possible. 

U.S. Navy Purchases Federal Radio Stations 

When the United States entered World War I ,  
the Navy for security purposes took over all 
of Federal's stations. Much of the equipment 
was subsequently transferred to military bases 
throughout the world and Federal engineers 
were drawn upon by the Navy to supervise the 
installation and operation of these stations. 

The Government paid $1 ,600 ,000 in Liberty 
Bonds for the radio stations and virtually all of 
the company's domestic patents, the company 
retaining, however, the Palo Alto manufacturing 
and engineering unit and its foreign rights. With 
the money, a long-standing indebtedness amount
ing to about $600,000 was cleared up. At the 
time, Washington Dodge was president of the 
company, but shortly after he was succeeded by 
R. P. Schwerin. The new capital permitted the 
company to expand its manufacturing facilities, 
and, throughout the war, Federal was one of the 

Historic Lafayette radio transmitter station built by the Federal Telegraph Company for the United States Navy 
near Bordeaux, France, during World War I-the largest transmitter ever built. The illustration shows the two 1000-
kilowatt Poulsen arc generators which permitted efficient and reliable communication across the Atlantic Ocean, 
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principal suppliers of radio equipment for the 
Navy and Maritime services. With increased 
plant and personnel , Federal responded to the 
call by the mass production of radio equipment 
serving the Emergency Fleet-the equivalent of 
today's Victory Fleet. Thus it may be said that 
Federal's products contributed substantially to 
the supremacy of the Allied Nations in World 
War I .  

After hostilities were ended , the Government 
restored to Federal all of its patent rights. A new 
system of radio stations was built under the di
rection of Haraden Pratt who was then acting 
chief engineer. Since the company also had man
aged to continue its commercial message service 
through its wire-leasing arrangement with the 
Pacific Telephone and Telegraph Company dur
ing the time that the Government operated 
Federal's radio stations, its position was better 
than at any previous time. 

Frederick A. Kolster Heads Research 

In 192 1 ,  Frederick A. Kolster joined Federal 
as chief research engineer. From 1912 to 192 1 he 
had served as radio specialist at the United 
States Bureau of Standards and was chief of the 
radio section which he organized . While at the 
bureau, he attained recognition for his invention 
of the Kolster Decremeter, widely used by the 
Radio Inspection Service and others for deter
mining the wavelength and logarithmic decre
ment of radio transmission, primarily from ships, 
as required by government regulations estab
lished for the purpose of promoting safety at sea. 

Kolster also made another important con
tribution to safety at sea when, in 1913 ,  he pre
vailed upon the Bureau of Lighthouses to es
tablish radio beacons at all important lighthouses 
and lightships. As a result, the first experimental 
radio beacons were installed by Kolster on the 
Ambrose and Fire Island lightships and at the 
Sea Girt lighthouse on the New Jersey coast. 

Kolster had been employed specifically for the 
commercial development of his radio compass or 
direction finder which had been used by the 
United States Navy during the first world war as 
one of that conflict's "secret weapons." Kolster's 
direction finder remedied the faults of older sys
tems. The Kolster system for pick-up purposes 
utilized a multiple-turn loop or coil antenna 

which could be rotated about a vertical axis. In 
this way, by revolving the loop for maximum 
signal strength, bidirectional results could be ob
tained. Kolster also used a loop in conjunction 
with an antenna to obtain a unidirectional bear
ing. The latter was based on the maximum signal 
strength and was rather broad. The bidirectional 
signal gave the accuracy, and the unidirectional 
signal the information as to whether transmis
sion was coming from front or rear. The uni
directional feature was an improvement over 
previous systems. 

This new-type loop had greater pickup than 
previous systems and, when used with a vacuum 
tube receiver, its directional sensitivity was 
greatly improved. Installed on shipboard , the 
radio direction finder provided a means of de
termining the bearing of any radio beacon or of 
a radio-equipped ship lost in fog or in distress. 

Federal Builds First Commercial Radio 
Direction Finder 

Through Kolster's efforts, a commercial radio 
direction finder was developed and manufac
tured . This was the first radio direction finder to 
be installed on commercial ships. Federal thus 
introduced to the maritime world a simple and 
effective method of utilizing radio as a naviga
tional aid. The radio compass or direction finder 
devised was, when it was introduced, described 
by the United States Commissioner of Light
houses as the most important nautical invention 
since the magnetic compass. Today, a radio di
rection finder is an important piece of naviga
tional equipment on almost every ocean-going 
vessel , and special radio compasses and direction 
finders developed and manufactured by Federal 
for the United States Navy were strategic "secret 
weapons" of World War I I ,  just as the Kolster 
direction finders were in the previous war. 

Contract with China 

In January, 192 1 ,  the Federal Telegraph Com
pany entered into a contract with the Republic 
of China for the construction of high-power radio 
stations at Shanghai, Harbin, Canton, and Pe
king for a contract price of $13 ,000 ,000. The 
original contracts provided for 1000-kilowatt 
and 60-kilowatt arc stations at Shanghai, 200 
kilowatts at Harbin, and 60 kilowatts at Peking 
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and Canton, but a 
supplementary con
tract, drawn up Sep
tember 15 ,  1922,  pro
vided for secondary 
stations of 100 kilo
watts capacity instead 
of the 60-kilowatt sta
tions at Shanghai, Pek
ing, and Canton, and 
a second 200-kilowatt 
station at Harbin .  
Japanese opposition, 
however, prevented 
completion of the con
tract. 

The 1000-kilowatt 
arcs were to be con -
structed from castings 
made during World 
War I for a station to 
be built in North Caro
lina to communicate 
with the Lafayette Sta
tion, then under con
struction in France. 
The North Carolina 
project was cancelled 
with the signing of the 
Armistice on Novem
ber 1 1 ,  1918, and the 
castings were stored at 
Federal until the China 
contract was negoti
ated, when actual as

Kolster radio position finder ; the first practical radio direction finder for ship board 
operation, developed by Frederick A. Kolster at the Federal Laboratories in 1921 and 
manufactured by Federal. At the left is shown the loop compensator mechanism as 
attached to the standard ship's binnacle. The rod at the top supported a square rotat
able loop antenna located above deck. The vacuum tube receiver employed with the 
direction finder is shown at the right. 

sembly was begun on them. A photograph of the 
two castings nearing completion in the Federal 
factory at Palo Alto , California, is shown in the 
frontispiece. The photo was taken in 1921 before 
it became evident that the Chinese contract 
would not be consummated. 

Federal Aids Cyclotron Development 

These giant magnetic field pieces were stored 
at Palo Alto for a number of years while develop
ments destined to have an important effect on 
World War I I  were taking place at the Uni
versity of California in Berkeley. It was here that 
Dr. Ernest 0. Lawrence was experimenting with 
early cyclotron models which later proved so im
portant in the atom-smashing technique that led 

to the discovery of atomic energy secrets. 
Dr. Lawrence's first models were tiny com

pared to the huge cyclotrons later successfully 
used to smash the atom. Since Federal was a 
pioneer in the electronic field, and the cyclotron 
was essentially an electronic device , Dr. Lawrence 
turned to Federal engineers in the mid-twenties 
for help in constructing the magnetic circuits for 
his preliminary experiments. 

As a result of these first contacts, Federal was 
quick to appreciate Dr. Lawrence's problem in 
obtaining the massive magnets necessary for 
work on a larger scale and consequently donated 
the 65-ton castings intended for the China sta
tion to the University of California . Federal also 
wound the new field coils under Dr. Lawrence's 
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direction. The cyclotron thus built from former 
Federal arc components was actually the first 
successful cyclotron. When completed it weighed 
80 tons. A photograph of the cyclotron in oper
ation at the University of California is shown in 
the frontispiece. 

So perfect were the magnetic fields of Federal 
arcs for this purpose, that other old high-power 
arcs, when they were retired from use as radio 
transmitters by modern vacuum tube equip
ment, found their way to the physics laboratories 
of various universities where they made impor
tant contributions to the progress of science. 
Thus, the powerful arc transmitter built by 
Federal for the U. S. Naval Radio Station at 
Annapolis, Maryland, when it was dismantled 
after years of successful operation, was turned 
over to Dr. Joseph R. Dunning of Columbia 
University for the cyclotron constructed at the 
Michael Pupin Laboratory there. It was at this 
laboratory that the theories of Dr. Lise Meitner 
were first tested and verified by Professors Niels 
Bohr and Enrico Fermi. These experiments were 
the first step in the fabulous Manhattan En-

gineering Project which finally led to the develop
ment of the atomic fission bomb. 

Federal Becomes Sole Operating and 
Controlling Company 

A second reorganization of the company took 
place in 1920 when the stockholders ratified a 
plan of recapitalization to reduce a topheavy 
debt structure created in the original organiza
tion of the Poulsen Wireless Corporation in 191 1 .  
Under the presidency o f  R .  P .  Schwerin , the 
capital stock liability of the Poulsen Company 
was liquidated by exchanging Federal Company 
stock for Poulsen stock. The effect of this pro
cedure was to produce a new capitalization of 
$2,500,000 and to eliminate completely the former 
Poulsen Wireless Corporation, the Federal Tele
graph Company becoming the sole operating and 
controlling company. 

In 1925, Federal entered the field of manu
facturing and selling radio broadcast receiving 
sets which had been designed by its chief research 
engineer, Dr. Kolster. The new receivers were 
sold as Kolster Radios, and in a relatively 

short time they became 
the third largest factor 
in this branch of the 
radio manufacturing 
business in the United 
States. 

Federal Expands to 
East Coast 

Typical ship installation of a Federal Telegraph Company 2-kilowatt arc transmitter. 

At the time of the 
introduction of the 
Kolster Radio receiv
ers, the Federal plant 
in Palo Alto was in no 
way sufficiently equip
ped to meet the con
stantly developing de
mand. Federal, there
fore, sought an eastern 
manufacturing organ
ization capable of pro
ducing receivers in suf
ficient quantity with 
the quality called for 
by the high-class field 
to which the receivers 
catered. 
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This organization it found in the Brandes Com
panies of New Jersey, a group of manufacturing, 
engineering, and selling units which had been 
organized in 1908 and which enjoyed an enviable 
prestige in the radio trade. The Brandes business 
had been built up almost entirely around the 
radio headse t which, with the development of the 
de Forest vacuum tube as an amplifier and the 
loudspeaker made possible by it, had rapidly de
clined in popularity, leaving the Brandes Com
panies in possession of large and fully developed 
manufacturing facilities and a vanishing volume 
of business. 

Manufacture of Kolster Radios was forthwith 
begun at the Brandes plant located in Newark, 
New Jersey, and a merger, based on an exchange 
of stock, was arranged. The new company 
formed, named Federal-Brandes, Inc. , operated 
as a holding company for the Federal Telegraph 
Company and for the combined Brandes com
panies, thus effecting a union of two of the oldest 
radio companies in the country, having at its 
outset a fully developed business with manufac
turing plants located at Newark, New Jersey; 
Palo Alto, California ; Toronto, Canada ; and 
Slough, England. In 1928, the name Federal
Brandes in the U.S.A. was changed to the 
Kolster Radio Corporation. By 1930 the status 
of radio set sales to the public had become so un
stable, and so much of the plant capacity was 
being devoted to provide equipment for the ex
pansion and modernization of the Mackay Sys
tem, that i t  was decided to discontinue the manu
facture of Kolster radios in the U.S.A. and to 
concentrate on the manufacture of vacuum tubes, 
radio transmitters , and navigational equipment. 

Federal Joins Mackay System 

In 1927 ,  Federal took one of its most impor
tant steps forward when it completed a twenty
one year contract with the Postal Telegraph
Commercial Cables group, which comprised the 
Mackay System. By the terms of the new con
tract, the Federal Telegraph Company agreed to 
devote its patents, manufacturing, and engineer
ing facilities to supplying the Mackay companies 
with whatever they needed to begin at once a 
land and ocean radio service on a parity with 
existing competition. As a first step toward aid
ing Mackay in the immediate inauguration of a 

Early 500-watt vacuum tube radiotelegraph transmitter 
manufactured by Federal in 1926. 

radio service, Federal sold outright to that com
pany its Pacific Coast point-to-point radio com
munication system, comprising the entire oper
ating communication interests of the original 
Federal Telegraph Company. Under these ar
rangements the Federal Telegraph Company 
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Radio Beacon Type CM-1530, developed by Frederick 
. A. Kolster. It was manufactured by the Federal Telegraph 

Company in 1927. 

became purely a manufacturing and engineering 
company engaged in the design and supply of 
electrical equipment to the Postal Telegraph
Commercial Cable Companies and their subsidi
aries-now augmented by the Mackay Radio 
and Telegraph Company which was organized 
to take over the Pacific Coast Federal radio 
stations. 

By this time the arc was fast being eclipsed by 
the vacuum tube as a generator of continuous 
waves, especially for the newer short-wave trans
mitters which could be built and operated so 
economically with beam-type antenna systems. 
ln anticipation of this development, the Palo 
Alto plant was equipped in 1927 with its own 
vacuum tube manufacturing department. In the 
same year, the company also obtained the ser
vices and rights to patents of F. S. McCullough, 
one of the pioneer vacuum tube engineers in 
America for the development of this phase of the 
company's manufacturing business. 

Kolster's Experiments with Directional 
Antennas 

Further, early in 1928, Dr. Kolster began a 
senes of experiments with directional antennas 

employing short waves. 
Investigation of the radi
ation patterns of many 
types of antenna systems 
was made to gather infor
mation regarding their 
directive characteristics. 
This work was carried 
on with equipment cap
able of o perat ing  on 
about three meters, con
sidered at the time an 
extremely short wave
length for actual trans
mission, especially smce 
transmission tests were 
made between Palo 
Alto and Seattle ( 710  
miles) and Palo  Alto 
and Honolulu (over 
2000 miles) . Kolster 

Three of th� early type McCullough transmitting tubes manufactured by Federal in 
1928. Left to r�ght they are of I /4-kilowatt, 5-kilowatt, and IO-kilowatt capacity. The two 
tubes on the right are equipped with water-cooled plates. 

investigated th ree 
main types of antenna 
s y s t e m s-p ar a b o l ic 
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reflectors , l oop an
tennas, and unidirec
tional antennas. 

As a result of Kol
ster' s experiments with 
d irectional antennas 
and the subsequent ex
perience with high
frequency, high-power 
transmitting equip
ment, Federal wa:s soon 
in a position to take 
the lead in creating for 
the Mackay System a 
point-to -point short
wave radio network 
utilizing vacuum tubes 
and transmitters of its 
own design and manu
facture as well as direc
tive antennas of supe
rior efficiency. 

Federal Becomes a 
Member of I. T.&T. 
System 

The year 1928 saw 
another development 
of major significance in 
electrical communica
tions in which Federal 
participated. On March 

One of the large parobolic reflectors used by Frederick A. Kolster in 1928 for a series 
of experiments with directional antenna systems employing short waves. These experi
ments led directly to later developments in microwave directional transmission. 

2 1 ,  1928, came the announcement of the merger 
that consolidated the facilities and assets of the 
entire Mackay System with those of the Interna
tional Telephone and Telegraph Corporation. 
Control of All American Cables, Inc. , had been 
acquired in 1927 .  I .T.&T. had entered the manu
facturing field in 1925 with the purchase of the 
International Western Electric Company, the 
name of which was subsequently changed to Inter
national Standard Electric Corporation, now the 
world-wide sales and manufacturing subsidiary of 
I .T.&T. Extension both of its telephone operat
ing and manufacturing activities in Latin Amer
ica, Europe, and Asia came in the ensuing years. 
Parallel developments took place in the field 
of international communication by cable and 
radio. 

Palo Alto Plant Moved to Newark, New 
Jersey 

In the summer of 193 1 ,  the Federal Telegraph 
Company was moved from Palo Alto to 200 
Mount Pleasant Avenue, Newark, New Jersey, 
where it still continues many of its operations. 
During this period, its business consisted pri
marily in the manufacture of marine radio equip
ment for the Marine Division of Mackay Radio 
and Telegraph Company and the design and 
manufacture of high-power vacuum tubes, trans
mitters, and receivers used by Mackay Radio in 
its point-to-point communication system. 

In 1932 , a number of one-kilowatt, vacuum
tube radiotelegraph transmitters were designed 
and constructed for the China Electric Company. 
Although a pioneer in the construction of many 
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earlier types of transmitters, this was the initial 
venture of any magnitude in the production of 
the modern type of transmitting equipment other 
than for marine use. 

In 1934, a quantity of SO-kilowatt vacuum 
tube radiotelegraph transmitters was built for 
use by Mackay Radio in expanding its communi
cation's network both within the U. S. A. and for 
communication with countries abroad. Apparatus 
was also manufactured for All America Cables 
and the Postal Telegraph Company, as well as 
transmitting tubes in increasing quantities. 

In 1934, development of the first of a line of 
water-cooled tubes for use in broadcast services 
was completed. This marked the initial step 
in accepting vacuum tube business from non
associated companies and paved the way for 
Federal 's present prominent position in the 
manufacture of tubes for most of the larger 
broadcasting stations throughout the United 
States. 

Federal Begins Work on Defense Program 

In 1936 the Maritime Commission's National 
Defense Program called for the construction of 
SOO ships. Federal developed a complete ship
board radio unit for installation in these vessels 
and has since manufactured the larger share of 
these assemblies which form a part of the stand
ard equipment aboard Liberty and Victory cargo 
ships.3 In 1937  Federal produced the prototype 
of the "walkie-talkie" for the U. S. Signal Corps, 
as well as considerable other equipment for the 
Government. From then on, growth was tre
mendous under the impact of requirements for 
defense and later for war purposes. 

The International Telephone and Telegraph 
Corporation, having brought its aerial navigation 
and selenium rectifier developments to this coun
try in 1938, organized the International Tele
phone Development Company the following year 
for their commercialization. In 1939, when hos
tilities broke out in Europe, the I .T.&T. Corpora
tion found it necessary to establish a manufactur
ing unit in the United States for the purpose of 

3 E. J. Girard, "A New Marine Radio Unit for Cargo 
Vessels," Electrical Communication, v .  20, n. 2, pp. 7 1-72 ;  
1941. See also: E .  ] .  Girard, "The H. F. Marine Radio 
Unit-Newly Adopted Equipment Influencing Ship De
sign," Electrical Communication, v. 21 ,  n. 2, pp. 85-88; 
1943. See also page 468, this issue of Electrical Communi
cation, 

supplying equipment to its telephone operating 
subsidiaries in the Western Hemisphere. 

A factory was located in Newark, New Jersey, 
and the new organization, known as the Inter
national Telephone and Radio Manufacturing 
Corporation, absorbed the International Tele
phone Development Company, whose operations 
had been centered in New York. Into the I .T.
R.M.C.  went outstanding developments long 
pioneered by I .T.&T. manufacturing associates 
in Europe. Belgian and French developments 
were brought to the U. S. A. just ahead of and, 
in some cases, even after Axis occupation. 

The International Telephone and Radio Manu
facturing Corporation acquired control of the 
Federal Telegraph Company in June, 1941 ,  and 
the two operated as separate I .T.&T. associates 
until October, 1942,  when they were merged into 
the Federal Telephone and Radio Corporation. 

FTR Laboratories Formed 

Coincidentally with these organizational 
moves, the Federal Telephone and Radio Labora
tories were established as the research and de
velopment division of the Federal Telephone and 
Radio Corporation at 67 Broad Street, New 
York, N. Y. The nucleus of the Laboratories was 
a group of development engineers, specialists in 
the fields of immediate military needs, such as 
direction finders, aerial navigation,  radar, and 
communication systems. 

As the activities of the laboratories grew, they 
were allotted more and more space at 67 Broad 
Street and elsewhere. Field stations also were set 
up at Great River, Long Island ; Telegraph Hill, 
Hazlett, New Jersey ; and at the Rye Lake Air
port, Westchester County, New York, for flight
testing airborne equipment. 

World War II Developments 

A few months before United States entry into 
World War I I ,  a new SO-kilowatt main trans
mitter and a S-kilowatt emergency transmitter 
for WABC, key station of the Columbia Broad
casting System, and now WCBS, were com
pleted.4 The new station was opened October 
1 8, 1941 ,  and was described as the last word 
in modern high-fidelity amplitude-modulation 
broadcasting equipment. From December 7, 1941 

4 E. M .  Ostlund, "WABC-Key Station of the Columbia 
Broadcasting System," Electrical Communication, v. 2 1 ,  
n .  1 ,  pp. 61-71 ; 1942. 
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to the end of hostilities, it operated on a con
tinuous 24-hour schedule. In January, 1942, the 
Columbia Broadcasting System also inaugurated 
its new international short-wave broadcasters 
built by Federal.5· 6 

The station consisted of three SO-kilowatt final 
amplifiers and two SO-kilowatt modulators ar
ranged for simultaneous operation and automatic 
switching of frequencies to 1 3  directive arrays 
capable of operating between 6 and 22 mega
cycles. Later, a third SO-kilowatt modulator was 
completed so that three programs could be broad
cast at one time, beamed to South America, 

s H. Romander, "New SO-kilowatt CBS International 
Broadcasters," Electrical Communication, v. 2 1 , n. 2, pp. 
1 12-123 ; 1943. 

6 Howard A. Chinn, "Audio and Measuring Facilities 
for the CBS International Broadcast Stations," Electrical 
Communication, v. 2 1 ,  n. 3, pp. 1 74-1 79;  1943. 

Central America, the West Indies, Mexico, 
Europe, Africa, and Asia. 

During the war, this station was operated 
around the clock by the Office of War Informa
tion and programs were broadcast in 23 Ian -
guages. 

Development of a high-power, high-frequency 
vacuum tube for short-wave broadcasting made 
possible the construction of 200-kilowatt sta
tions. 7· 8 Federal built two of these 200-kilowatt 
short-wave broadcast transmitters.9 They were 

7 G. Chevigny, "Tubes for High-Power Short-Wave 
Broadcast Stations," Electrical Communication, v. 2 1 ,  n .  3, 
pp. 143-156;  1943. 

8 "A Proposal for a Global Shortwave Broadcasting Sys
tem," Electrical Communication, v. 22, n. 2, pp. 1 54-166; 
1944. 

9 H. Romander, "200-Kilowatt High-Frequency Broad
cast Transmitters," Electrical Communication, v. 22 ,  n. 4, 
pp. 253-261 ; 1945. 

Architect's model showing the new buildings and microwave tower for Federal Telecommunication Laboratories, 
· 

scheduled to be completed in 1947. The first unit was opened in October, 1945, 
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placed in operation on the west coast in 1945 
and performed an important function in the 
beaming of programs to the Pacific area and the 
Orient. 

In 1942, manufacture was started of a new 
improved type of subscribers' desk set employing 
plug-in tropicalized components.10 This desk set 
assumed an important war role when, in 1943 , 
it was specified as standard equipment for tropi
cal installations by the United States Signal 
Corps. 

Already operating as an "Arsenal of Democ
racy" before Pearl Harbor, Federal soon was 
working full time on war equipment. It took the 
lead in the design of high-power pulse radar 
triodes.11 

Classified as one of the most important devel
opments of the war and, incidently, one of its 
best kept secrets was Federal's high-frequency 
instantaneous direction finder. Credited by the 
Navy as an important factor in breaking up 
the 

.
submarine wolf-pack warfare, this "secret 

weapon" was affectionately labelled "Huff-Duff. " 
Federal's role in the production of telephone 

equipment for the Armed Forces, while not dra
matic, was large and varied. It ranked first in 
the production of field telephone sets and pro
vided substantial quantities of switchboards, 
power plants, and repeaters. In many cases Fed
eral redesigned the equipment for simplification, 
lighter weight, tropicalization, or wider appli
cation. 

I ts production of selenium rectifiers for war 
equipment was enormous. The variety of uses 
as well as their efficiency were stepped up so that 
selenium rectifiers were important equipment in 
almost every type of war implement. Significant 
among these were selenium rectifiers developed 
for the proximity fuse. 

Ii also was the first company to produce a 
solid-dielectric high-frequency transmission line, 
meeting all requirements of the Armed Services. 
It made the only commercially successful dual 
coaxial transmission line used for direction find
ing and instrument landing systems and it devel
oped, in conjunction with the Radiation Labora
tory at Massachusetts Institute of Technology, 
the first spiral delay line. I t  pioneered in the 

10 E. S. McLarn, "Simplified Subscribers' Telephone 
Sets," Electrical Communication, v. 2 1 ,  n. 1, pp. 3-12 ; 1942. 

11 J . J .  Glauber, "Radar Vacuum Tube Development," 
Electrical Communication, v. 23, pp. 306-326 ; September, 
1946. 

-

development of low-capacitance transmission 
cable.12, 13 

The story of Federal's wartime act1v1ttes, or 
at least the part that no longer remains classified, 
has been outlined in this journal .14· 15 The Army 
and Navy "E" was awarded the Federal Tele
phone and Radio Laboratories on April 20, 1943 . 
A second star was awarded December 2 ,  1944 
and a third-April 1 1 ,  1945 . The Federal Tele
phone and Radio Corporation received the Mari
time "M" Pennant and Victory Fleet Flag, 
December 2 1 ,  1942, and the Army and Navy 
"E" award, January 30, 1 945 . 

Plans for Modern Buildings 

Because of the corporation's exceptional 
growth, centralization of manufacturing facilities 
during World War I I  was impossible, and activi
ties were spread over 50 locations, including 
plants , storage accommodations, and administra
tive quarters, located in Newark, New Jersey, 
and adjacent areas. Nevertheless, plans for the 
construction of modern buildings to house the 
manufacturing activities as well as laboratories 
were formulated. The 120-acre site of the former 
Yountakah Country Club in Nutley and Clifton, 
New Jersey, was purchased for this purpose. 
Ground for the first unit was broken on February 
1 7 ,  1943. 

The new laboratories are located at the Nutley 
area of the site , and the manufacturing plant in 
Clifton. First units of both groups of buildings 
were formally dedicated October 3, 1945 . The 
laboratories, embodying advanced construction 
theories of architects and scientists, are of steel 
fabrication sheathed with aluminum , a type of 
design which affords protection from outside elec
trical disturbances. When these laboratory build
ings are completed early in 1947 ,  all Federal re
search activities will be centered in Nutley. 

A special 300-foot tower is also being erected 
at Nutley for ultra-high-frequency research on 
radar, aerial navigation ,  frequency modulation, 
pulse-time modulation, television, mobile radio, 
and point-to-point long-distance telephony. 

12 H. Busignies, "Applications of H-F Solid-Dielectric 
Flexible Lines to Radio Equipment," Electrical Communi
cation, v. 22, n. 4, pp. 295-301 ;  1945. 

13 K. H. Zimmermann, "Spiral Delay Lines," Electrical 
Communication, v. 23, pp. 327-32 8 ;  September, 1 946. 

14 Electrical Communication: 1940-1945-Part I I ,  v. 23,  
pp. 2 1 4-240; June, 1946. 

15 Electrical Communication : 1940-1945-Part I I I ,  v. 23,  
pp. 363-366; September, 1946. 
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The manufacturing plant at Clifton when com
pleted will provide approximately one million 
square feet of floor space. 

Post- War Developments 

Soon after V-J day (on September 27,  1945) , 
Federal demonstrated a new system of Pulse
Time Modulation. For the first time, using PTM,  
24  simultaneous 2-way conversations were car
ried over an 80-mile microwave relay circuit at 
1300 megacycles.16 All conversations were trans
mitted on a single carrier frequency. An impor
tant feature of PTM is that only one transmitter 
and receiver are employed at each terminal for 
all conversations. Further, a PTM demonstra
tion in 1946 showed the feasibility of broadcast
ing as many as eight programs of high-fidelity 
speech and music, facsimile, and teleprinter sig
nals, from a single transmitter.17 A single re
ceiver detected, amplified, and separated the 
eight programs for distribution to the loud
speakers and other terminal equipment. 

In January, 1946, Federal installed the first 
high-definition, ultra-high-frequency, full-color
television transmitter in the Chrysler Building, 
New York City, for the Columbia Broadcasting 
System. The new transmitter operates on 490 
megacycles with one kilowatt of power.18 

In October, 1946, Federal demonstrated fea
tures of its new aerial navigation and traffic 
control system.19 The new system embodies the 
results of a concentrated effort in the direction of 
coordinated planning, global in scope, of radio 
aids to aerial navigation. I t  supplements Feder
al's pioneer work in developing instrument land
ing equipment for the Civil Aeronautics Authority 
and the United States Signal Corps, as well as its 
development of the ultra-high-frequency radio 
range with sector iden tifica ti on. 20• 21• 22 

16 D. D. Grieg and A. M .  Levine, "Pulse-Time-Modu
lated Radio Relay System-Terminal Equipment," Elec
trical Communication, v. 23, pp. 1 59-1 78 ;  June, 1946. 

11 D. D. Grieg, " Multiplex Broadcasting," Electrical 
Communication, v. 23, pp. 19-2 6 ;  March, 1946. 

is See Page 406, this issue of Electrical Communication. 
19 H. Busignies, Paul R. Adams, Robert I. Colin, "Aerial 

Navigation and Traffic Control with Navaglobe, Navar, 
Navaglide, and Navascreen," Electrical Communication, 
v. 23, pp. 1 13-143; June, 1946. 

20 H. H. Buttner and A. G. Kandoian, "Development of 
Aircraft Instrument Landing Systems," Electrical Com
munication, v. 22,  n. 3, pp. 1 79-192 ; 1945. 

21 Sidney Pickles, "Army Air Forces' Portable Instru
ment Landing System," Electrical Communication, v. 22,  
n.  4, pp.  262-294; 1945. 

22 A. Alford, A. G. Kandoian, F. J.  Lundburg, and C. B. 
Watts, Jr., "An Ultra-High-Frequency Radio Range with 

Along with its early work in developing A-M 
broadcasting transmitters, Federal is now taking 
a leading position in the production of F-M 
broadcast transmitters. Federal also has devel
oped a new 8-element square loop antenna for 
F-M stations which gives an effective power 
gain23 of 9. 
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