
 
  

W 
HEN (British PM) Stanley Baldwin’s 
science advisor suggested, in 1935, that 
in view of the very possible forthcoming 

war pitting Germany or France against the United 
Kingdom the scientists in England had better develop 
means to learn of approaching enemy bomber aircraft 
long before they reach vital parts of the country, so 
they might be intercepted.  He had in mind giant 
listening devices erected in quiet countryside places.  
But calculations showed that the planes would 
probably arrive a 
scant few minutes 
after their sounds 
were heard and 
analyzed, since 
then-modern planes 
flew at appreciable 
fractions of the 
speed of sound.  
N o n e t h e l e s s , 
acoustic listening 
s t a t i o n s  w e r e 
deve loped  and 
emplaced, and failed 
miserably in trials 
against mock air 
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attacks.  So he asked if they, instead,  might 
investigate building an electrical death ray device 
that would incapacitate enemy aircrews in their 
aircraft such that the aircraft would crash or drone 
onward to its ultimate exhaustion of fuel. 
 
Luckily he posed this question to Robert Watson-
Watt, a radio expert, who gave an assistant, “Skip” 
Wilkins, the task of calculating the radio-frequency 

(RF) power and 
optimum frequency 
for bringing a liter of 
water from 98 
degrees F to 105 
degrees F, at a 
distance of 10,000 
feet from the RF 
source..  In a 
moment, Wilkins 
recognized that this 
was in regard to a 
p e r s o n - 
incapacitating fever-
inducing ray or 
(Continued on page 3) 

 
TWO RADAR HITS AND A MISS ---AT ORFORD NESS 

BY ED LYON 
 
This is a story about three shortwave-band radar systems, all different, that found themselves planted at a lovely 
shingle beach on Suffolk County’s sea’s edge….. . and none seemed aware of the others…. 

Figure 1. Typical Chain Home radar installation, c. 1941. 
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beam problem, and after studying and calculating an 
hour or two, Wilkins told Watson-Watt that such a ray 
was beyond the  possible with any known RF source, 
but that an RF ray could be made that would reflect a 
detectable echo of the aircraft the person was in, and 
that timing the echo transit would tell how far away it 
was.  It might be mentioned here that in Germany, 
Christian Hulsmeyer had demonstrated this feat over 
ten years prior, but their military ignored it. 
 
Watson-Watt ordered a go-ahead of proof that such 
was the case, and so radar in England was soon born, 
the first successful experiment accomplished in 1935 
with the BBC transmitter at Daventry plus a portable 
receiving setup in a field, against a test aircraft that 
flew a planned course.  Upon hearing of the 
successful results the RAF ordered the project to go 
ahead, and after extensive tests possible radar 
transmitting and receiving sites were soon planned 
around the island kingdom.  The first such site was 
projected to be just north of an old manorial estate on 
the east coast in Suffolk,  Bawdsey Manor, where the 
radar network was designed, and planning for how to 
use the radar had begun.  The trial radar transmitter/-
receiver site was to be directly on the beach at nearby 
Orford Ness, chosen because it was near at hand, and 
also because its foreground would be the high-
electrical-conductivity medium of ocean water, to 
improve the signal strength.  The operating frequency 
was selected to be in the upper frequency reaches of 
the shortwave spectrum, near 26-27 MHz.  This 
frequency was chosen because its wavelength (about 
16 meters) was a sizeable fraction of the span or 
length of a bomber aircraft, and should thus elicit a 
large echo [1].   
 
At this frequency, however,  near the amateur 10-
meter shortwave band, ionospheric modes of signal 
propagation can exist, and could elicit return of 
echoes from greatly distant ranges, possibly 1500 or 
more miles away, and these might be mistaken for 
nearby aircraft, prompting flushing of RAF 
interceptors, a serious mistake.  Quick research of 
this problem by ionospheric scientists assured the 
RAF, though, that in the 1937-43 period, the sunspot 
count would be falling to minimum; so their chosen 
frequency would seldom flush echoes from beyond 
the horizon.  That, and careful control of the pulse 
rate to detect any such propagation anomalies, could 
eliminate the problem, they decided.  
 
This radar was built and tested over the next 18 

(Continued from page 1) months, and produced very good data on detection 
of light bomber-sized aircraft from 10 to 400 miles 
distant, flying at altitudes of 1000 to over10,000 
feet, depending on range.  By 1937, four other such 
radar stations were being erected around the coast 
on approaches to London, and in the end, nearly 40 
such stations were erected, constantly being 
networked to provide coordinated early warning of 
aircraft approaches to the island..  The system was 
called Chain Home, (CH), and was critical in the 
later Battle of Britain, and throughout the war, 
against Luftwaffe planes and V1 missiles.  The first 
station, at Orford Ness, was updated throughout the 
war, was battle-damaged several times, but operated 
well after repairs, and was the impetus to build the 
rest of the system, which went a long way toward 
seriously damaging the Luftwaffe  at a time when 
that service seemed dominant. Fig.1 shows  one 
such radar station. 
 
This part of the history of the Chain Home radar 
network has been told and re-told many times, and 
was a fitting beginning to the drama that peaked 
when “…so many owed so much to so few….” In 
the great air battles over the UK, battles that saved 
the RAF from extinction.  Thus, the first shortwave 
radar set placed at Orford Ness would have to be 
considered an outstanding hit.  
 
The next chapter in the radar history of Orford Ness 
had to wait until the early 1960s.  By that time this 
author worked for an electronics company named 
ERCO Division of ACF Industries, with our plant 
in Hyattsville, MD.  We had been engaged since 
1956 developing Over the Horizon (OTH) radar, a 
type that operates in the shortwave bands, over 
great distances, and via skywave (ionospheric) 
propagation of the radar signals.  We had conducted 
trials of this mode of radar surveillance and 

(Continued on page 4) 
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detection for several government agencies, 
at the direction of Dr. William Thaler of the 
Office of Naval Research (ONR).  By early 
1958 Thaler had caught the attention of an 
Air Force agency, at that time about to be 
christened AFTAC [2], whose mission was, 
and still is, in nuclear test ban treaty 
verification, specifically meaning they 
monitor the planet, its surroundings, and its 
underpinnings for clandestine nuclear 
weapons tests.  In this work they utilize 
many physical, electrical, magnetic, 
chemical, and biological technologies.  In 
earlier Radio Age articles, some of this 
background has already been discussed 
[3,4].   
 
In 1959, quite satisfied with the successful 
OTH radar performance against two high-
altitude bomb tests conducted in 1958, AFTAC 
placed a contract with ACF for eight trailer-mounted 
OTH radar systems [5], to be deployed for 
monitoring distant expanses for such nuclear bomb 
tests.  The 1958 tests had radars at Riverdale, MD, 
and on Eniwetok Island, in the Pacific.[3]. AFTAC 
called the planned monitoring network the R 
System.  Other techniques AFTAC operated 
included, for example, a low-frequency EMP 
detection network called the Q System, and there 
were X and Y sensor nets, using optics.  Each 
method had a code letter identifying it. 
 
Six of the eight R System radars were designed to 
use enormous helical antennas for transmitting, and 
two phased array monopole antennas for receiving.  
We had tested the helical antenna concept at a 
research site which Thaler’s ONR had provided at 
Muirkirk, MD, first using large wooden structures, 
easily and cheaply built, and just as easily 
“repurposed” when other needs arose, then 
painstakingly building a prototype of the final R-
System design..  Fig. 2 shows the first of the five R-
System helical antenna a few minutes after its 
successful assembly and erecting in 1961, not yet 
electrically completed, but only a week or so away 
from starting its 24/7 surveillance routine.  This 
radar site was located at Roswell Air Force Base, in 
New Mexico.  This was the first such radar installed, 
after the prototype at Muirkirk.  The Roswell 
installation task was assisted (or impeded, 
depending on whom is asked) by a half-dozen Air 
Force enlisted men, eager to learn the art and 

(Continued from page 3) 

science of rigging large outdoor structures. 
 
Regarding Fig. 2, it should be noted that there is a 
large ball-bearing race at the top of the guyed 
wooden utility pole that supports the center of the 
helical section of the overall antenna, this bearing 
allowing the whole helical assembly to be moved 
around to aim the RF exit end (on the left in the 
figure) to any desired direction.  This movement is 
facilitated by having railroad-like wheels supporting 
each foot of the arch-like structure at the reflector-
end of the helix.  These wheels roll on a single-rail 
track that runs in a circle about 200 feet in overall 
diameter.  The track is sitting on, and anchored to, a 
circular paved pathway, which encircles the utility 
pole at its center.   Moving the helix to aim the RF 
beam that it forms in different compass directions is 
accomplished by a large geared motor, also on 
railway-like wheels which rides the track and is 
structurally connected to the feet of the arch.  The 
helical aluminum ribbon-like thing forms the 
radiating antenna element, and there is a large 
bicycle-wheel-shaped reflector mounted just behind 
the sending end of the helix.  This reflector directs 
the radar’s RF radiation down the helix axis and 
onward to distant places.  This installation at Roswell 
took a couple weeks, owing to it being the first such 
antenna ever built, and its setting-up had to serve as a 
classroom, as well, for the Air Force crew, and there 
was plenty of learning to be accomplished.  The 
radar’s receiving arrays went together like 
clockwork, the instructions based on installing 
several previous such arrays at Muirkirk, which were 

(Continued on page 5) 

Figure 2. Freshly-erected helix radar transmitting antenna. 
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Detachment 332.  Our prototype radar at Muirkirk, 
MD operated on a 24/7 basis, as well, acting as a 
civilian-run ninth member of the AFTAC R-System 
network. We of the ACF staff continued designing 
similar OTH radars, for various government 
agencies, while the R-network of AFTAC radars 
chugged along, producing prodigious amounts of data 
for which ACF’s data reduction group, along with 
AFTAC officers, developed ways of reducing and 
analyzing the radar data toward supporting AFTAC’s 
mission.  Today, there is nothing left of any of those 
radars, their mission having been taken up by space 
assets, in all probability. 
 
 Well, I should have said, there is almost nothing left 
of these radars.  Close inspection of Google Earth 
aerial photos on the web, especially if you look at 
past aerial pictures (an option Google Earth offers so 
one can see changes in the landscape over the years), 
will reveal two of the helix antenna concrete rail 
track beds, one at Ramey AFB in Puerto Rico, and 
the prototype at Muirkirk, MD.  These are shown in 
Fig. 3.  Another remnant of the system of eight radars 
is again visible on a Google Earth view of Point 
Barrow, Alaska, where one of the radars was installed 
– one with a Collins LPA transmitting antenna.  
Examination of the map shows a road leading 
northeast from the village of Barrow called Cake 
Eater Road, although misspelled.  Cake Eater was 
the code name for that AFTAC Detachment 206 site.  
And as for the complete radar, helix and all, which 
had been shipped to McClellan Airbase in 1962, we 
lost track of it altogether. 
 
Until two weeks ago, that is. A radar history 

(Continued on page 6) 

as detailed as a Heathkit manual. 
 
The second R-System radar site to be completed 
was an identical installation at Ramey Air Force 
Base, in northwest Puerto Rico, which went 
together more smoothly.  The ACF crew, by this 
time, had mastered the process of assembling major 
sections on the ground, interconnecting certain 
ones, and erecting the antenna, with only one 
compulsory rule to follow:  Since some of these 
antennas were scheduled for distant locations 
where large cranes and rigging labor were scarce, 
the entire job of erecting the helix antenna had to 
be done with one light crane and military winch-
trucks.   
 
The third site to get a helix and the phased array 
antennas was at an overseas Air Force Base code 
named Detachment 311 where things went together in 
record time; the ACF chief rigger, Earl Rhyne, by this 
time having become expert at the task.  Immediately 
after Det.311, Rhyne and his crew traveled to Hawaii, 
where the next radar installation took place, near 
Hilo, on the “big island.”  There, the site was on the 
nearly level lava plateau near Kilauea volcano.  While 
Rhyne’s crew was busy with these installations, the 
fifth R-System was shipped to Lowry Air Force Base, 
Colorado, a training base, where the Air Force crew 
used it for schooling in ionospheric physics and OTH 
radar  
 
ACF’s triumphant rigger, Earl Rhyne, returned home 
and asked where he was going with the last radar that 
had the big helical transmitting antenna.  We soon 
learned that this sixth R-System, all secured for travel 
in its two full highway trailers and antenna kits (helix 
plus the two receiving phased arrays) would be sent 
to McClellan Air Force Base near San Francisco, but 
kept ready to be further shipped, possibly to some 
Pacific island.  So we settled down to the task of 
working on the training of the Air Force crews in 
ionospheric propagation and radar theory and 
practice, for the 175 airmen and officers who would 
be operating these radars and our own field engineers 
who would help maintain the systems. 
 
This accounted for six of the eight radars we 
produced for this Air Force agency.  Radars 7 and 8 
would have different transmitting antennas, mainly 
for climatic reasons.  These were: one at Pont Barrow, 
Alaska (which is as far north as you can get in 
Alaska); the second overseas at code-numbered 

(Continued from page 4) 

Figure 3. Google Earth pictures of Muirkirk, MD radar 
test site (L), and Ramey AFB, P.R. ex-radar site, (R), 

both pictures c.2004.  Note Helix antenna track foun-
dation ring can still be seen after 58 years. 
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End Notes: 
 
[1] A wingspan offers the most powerful echo when it 
spans one-half wavelength, so that an approaching 
Boeing 747 would yield its largest head-on radar 
echo if the radar operated at 2.5 MHz.  The 
equivalent reflector area (radar cross-section) would 
be 14,400 sq. meters. 
[2] AFTAC denotes Air Force Technical Applications 
Center. 
[3] Radio Age article by E. Lyon, “Old Radios and 
HANEs,” January 2018 issue. pp.1, ff. 
[4]Radio Age article by E. Lyon and Richard Altig, 
“Memorable Magnetic Tape Memories,” May 2018 
issue, pp.1, ff.  
[5] The trailers were highway-designed, but had 
small wheels and would fit in a then-current USAF 
cargo plane, the C-124. 
[6] Radio Club of America Proceedings, Spring 2018 
issue, “Old Radios and HANEs,” by Ed . Lyon, pp17, 
ff. 
[7] Radio Age article by E. Lyon, “The Most 
Powerful and Sophisticated OTH Radar…,” July, 
2019 issue, pp. 9, ff. 

researcher in Great Britain wrote me, explaining 
that he found my name as author of an OTH radar 
story in a Radio Club of America publication [6].  
In his message he asked if I knew anything about 
an OTH radar that had been installed at Orford 
Ness, in Suffolk County, England, in 1964 or 1965.  
Thinking he was referring to the enormous Cobra 
Mist installation , which I described in Radio Age 
[7], I suggested that as a possibility, and got a very 
prompt response, sort of,  “No, no, not that mess!”  
He then sent me a series of notes, including a copy 
of a long-ago declassified report by Air Force 
officials which referred to one of our 8 radars to be 
placed at Orford Ness (in about1963-64) as “it was 
already packed and ready for installation.”   My 
British correspondent also noted that on the shingle 
beach at Orford Ness, just south of the scars left by 
the Cobra Mist radar is a circular concrete track 
almost 200 feet in diameter, a sure sign that this must 
have been the fate of the McClellan AFB system.  It 
was said to have been in operation until 1970 or 
thereabouts.  He is searching the declassified records 
to see if there is any photographic record of the radar 
installation, but he has me convinced that we have 
finally found what became of R-System number 8. 
 
So, one of the early AFTAC R-System radars that 
helped police the international nuclear test ban signed 
by President Kennedy and Nikita Khrushchev in 
1963 was installed and operated for years at Orford 
Ness, in “Merrie Olde.”  Another hit for Orford Ness! 
 
But a scant three years after this R-System was built, 
the entire northern end of Orford Ness (called by the 
Cobra Mist people “Orfordness,” all one word) was 
crammed, from the River Aide to the sea, by the 
gigantic antennas and buildings of the Cobra Mist 
OTH radar.  As reported in the Radio Age article [7], 
that system underwent test after test, and 
modification after modification, and after spending 
untold hundreds of millions of dollars and hard work, 
it was bulldozed away, leaving the scars still there.  
There! Two hits and a monstrous miss…at Orford 
Ness, in Merrie Olde England. 
 

(Continued from page 5) 

FOR THE RECORD: 

 
The current COVID-19 pandemic has forced the curtailment of all non-essential meetings and assemblies of 
persons, and that includes, of course, our radio club membership.  The July meeting has been canceled, and it 
is likely the August meeting will also be limited to a phone or internet meeting. The  RadioActivity meet has 
been postponed to October and it is advised that the maarc.org webpage be consulted to see the up-to-date 
schedule of this major convention.. 

Scars left from the Cobra Mist radar installation at Or-
ford Ness.  BBC took advantage of the ground-screen 
wire mesh left there, and built antenna towers on it. 
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W 
HEN a nation goes to war, many of 
the arts and sciences being pursued 
by its people are persuaded (or 

forced) to change to some degree to support the 
effort to bring the war to a successful conclusion. 
In countries where the war is of the internal revo-
lutionary mode or a civil war, these same arts and 
sciences often bifurcate into a competition that 
parallels the military conflict underway.  
 
Radio is one of those arts and sciences; one that 
has a history rich in its reaction to wartime needs, 
both those of the military faction of the govern-
ment and those of the civil population.  Probably 
the first major war in which radio was even a 
consideration was the rather short Russo-
Japanese war of 1904-5.  Radio was in its in-
fancy, but Japanese scientists had obtained a 
Marconi complement of radio equipment, on 
lease; the gear became the target for experimen-
tation but not put to any use.  Some years earlier 
(c. 1898) Lieutenant Saneyuki,  a Japanese mili-
tary attache in Washington, had been a guest at 
some Navy trials of early radio equipment from 
Slaby-Arco, Marconi, deForest, Fessenden, and 

Shoemaker, among others, and wrote very en-
couraging messages to his superiors in Tokyo 
about the performance one could obtain  with al-
ternative designs, especially in the receivers, 
where Americans were experimenting with crystal 
substances and electrolytic cells, rather than co-
herers, and multiple-tuned circuits to help avoid 
interference from unwanted signals.  He particu-
larly identified Fessenden’s and Stone’s receiving 
circuits as exemplary. The Japanese carefully du-
plicated many examples of such equipment at 
their base in Yokosuka, near Tokyo,  and made 
improvements in it, concentrating on the receiver 
circuits, trying to improve selectivity.   After a 
year’s work, they came to realize that the receiver 
could be made fairly selective, but the transmit-
ters seemed doomed to be broadband; this al-
lowed only one transmitter to be on the air at any 
given time in any given net, or the result was un-
readable, the multiple signals hopelessly mixed 
together.  So the Japanese Navy imposed strict 
discipline, and set about training the radio opera-
tors to take turns transmitting, each message initi-
ated by a go-ahead signal to each transmitter in a 
network, by callsign, and only by orders from a 
trained admiral. 

RADIO IN TIME OF WAR - PART 1 
By Ed Lyon 

This two-part article describes the nature of the art (or science) of radio as it is affected by wartime conditions. 
Part 1 begins with the turn of the century Russo-Japanese war, and ends at the end of WW1. 

Allegorical Japanese cartoon of 1905 showing Russian admiral being pummeled by Japanese  sailor. 
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This admiral’s wireless monitoring center was 
responsible for listening to the radio traffic in the 
net, recognizing the senders by callsign, and fur-
ther recognizing their priorities by the instant 
situation  and intended receiver of their transmit-
ted message.  The translation of the messages 
into Kanji (or “it sounds like” characters) trans-
posed into Morse, was necessary, and was a key 
part of the radio operator training.  After months 
of at-sea training, they had the use of wireless 
pretty well perfected, and their training morphed 
into war games conducted at sea, with fleet ele-
ments being surprised by mock attacks coming 
from directions and at times totally unlike their 
formal training methods.  In their first non-mock 
battle they seriously damaged four Russian Navy 
ships at anchor at Port Arthur in a late-evening 
hit-and-run attack [1].   News of this (delivered 
by rail passage!) provoked the czar to order the 
Baltic Fleet out of its lethargy at Tallinn, and sail 
to join with the Vladivostok Far-East Fleet; the 
combination could then annihilate the Japanese 
fleet.  At last the great Russian Baltic fleet, 
boasting seven or eight battleships, was hoisting 
anchor in the far north, and was enroute on the 
long journey to do battle against Japan.  The 
Japanese fleet, barely one fifth the size of Rus-
sia’s, set sail for its final training exercises and 
preparations at ambush locations to the south and 
southeast of the expected route of the Russians. 
 
The Russian fleet had to negotiate a very long 
journey, around the west of Europe, around Af-
rica, and then northeastward across the Indian 
Ocean toward the Southeast Asian subcontinent.  
This involved stores replenishment and coaling 
at several stops, all arranged through their use of 
wireless, but bought at exorbitant prices from 
shyster coal and stores merchants at sea.  The 
Russian fleet arrived in the far erast in terrible 
condition, most of its ships’ hulls badly fouled to 
start with, and heavily corroded, as well.  Several 
cruisers found their rudders had been reduced to 
framework alone, the plates completely rusted 
through and largely missing.  Ships’ crews were 
in no better shape, having been on meager ra-
tions for months. 
 

Entering Tsushima Bay in May, 1905, west of Ja-
pan, the Russian fleet was met by a devastating 
ambush by the Japanese fleet,  worked to perfec-
tion.  One maneuver which completely surprised 
the Russians was the approach by the Japanese 
cruisers in single file, followed by a 90-degree 
turn in-turn, meaning that each ship, in turn, fol-
lowed the same path as the one immediately 
ahead, a maneuver never used by fleet command-
ers because of its vulnerability to counterfire by 
the enemy.  Since each ship followed the same 
path in the right-angle turn, the enemy simply has 
to fire on the spot where all the ships made their 
turn, requiring no tracking or shifting of one’s 
aim.  The Russians were so surprised at the ma-
neuver that they stared in wonder all the while the 
Japanese ships took their turn at firing at the Rus-
sian ships, first off the port forequarter, then, after 
the turn, off the starboard forequarter.  The final 
result was a complete capitulation of thre Russian 
Navy; all the battleships and cruisers that weren’t 
sunk or severely damaged were surrendered.  The 
primary reason for the lopsidedness of the battle 
was the coordination of the Japanese ships via 
disciplined wireless commands, compared with 
the pandemonium in signals used by the Russians 
which prevented their ships from cooperating on 
any defensive or offensive maneuver.  In addition, 
the Japanese made good use of their superior tor-
pedoes, a factor which they repeated almost 40 
years later against American ships. 
 
The Russo-Japanese war of 1904-05 was a brief 

Two operators work the deforest radio-telephone, 
claimed to have used a small arc transmitter and 

the new Audion tube in the receiver, in its first  
use on the USS Connecticut (Great White Fleet). 
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affair that saw radio in use for 
the first time for most of the par-
ticipating sailors and soldiers.  
Meanwhile, on land during that 
conflict, Japanese soldiers in-
vaded Korea in a drive to force 
the Russians out of Manchuria 
and Mongolia, a beginning of 
sporadic military activity that 
continued with varying ferocity 
well into the closing days of the 
second world war.  In the 40 
years in between, the Japanese, 
as well as the Russian efforts in 
the exploitation of radio took 
back seat to other far more 
pressing issues in both countries.  
Both developed and imported 
radios for military use, but sig-
nificantly less use was made of 
radio for the general population.  
We leave those two nations now, 
for a look at the activities in ra-
dio in the next major conflict 
after that Russo-Japanese fiasco 
during the early years of the 20th 
century.  In the meantime, 
though, American officials be-
came alarmed by the general 
conclusion drawn from that war 
by the sage and suave Europe-
ans, namely that a navy that has 
to travel thousands of miles to 
enter a fight is in no condition to 
do so, and must lose it.  Those 
words became a challenge to 
Teddy Roosevelt, so he ordered 
the Great White Fleet to circum-
navigate the globe, and party 
with other navies at each port of 
call enroute, a feat completed in 
1909 after Teddy was out of of-
fice.[2] 
 
In the period between 1905 and 
the start of World War I, the sci-
ence (or art?) of electronics had 

(Continued from page 8) its birth. First Ambrose Fleming 
devised the “near-vacuum” di-
ode to replace the crystal or 
electrolytic detector in early ra-
dio sets, thus providing better 
short-term reliability to radio 
reception aboard ships or other 
active venues, where vibration 
and mechanical shock was a 
way of life.  Still, the diode tube 
was delicate enough, and it 
needed a filament battery just to 
make it work at all, and was un-
sensitive and therefore unpopu-
lar in the trade.  But a scant few 
years later, deForest had pat-
ented his Audion, a three-
element tube that could not only 
detect signals, as Fleming’s di-
ode did, but actually made weak 
signals  more readily detected 
through its amplification prop-
erty.  Amplification was some-
thing deForest discovered after 
four or five years experimenta-
tion and marketing, mainly the 
latter, and doing so with the 
shady help of rascals who got 
him in trouble with the law, 
again and again. 
 
But one of the big potential cus-
tomers for his Audion was the 
telephone company, and he did 
proposition AT&T in 1912 to try 
his Audion as a telephone re-
peater (line amplifier), some-
thing AT&T desperately needed 
for expansion of the phone sys-
tem.  After a few minutes’ re-
verse engineering and almost a 
year of experimentation with 
major improvements, Bell sci-
entists (mostly Dr. Harold De-
Forest Arnold (is that a coinci-
dence, or what?) told AT&T 
management that the Audion 

(Continued on page 10) 

Top: Tube designs ran amok in the 
pre-WW1 period. 
2nd. Up to the end of WW1, pi-
geons were the fall-back in battle. 
3rd: By the time the US got in-
volved, spark sets and crystal re-
ceivers had their own trucks. 

Bottom:AT&T’s bold voice radio 
signal sent across the Atlantic in 
1915 using 501 tubes in parallel 

spelled the end of sparks and arcs. 
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could, indeed, be re-made into a repeater, so in 
1913 AT&T bought all the rights to the Audion 
from deForest for somewhat less than a half-
million dollars, leaving deForest with the non-
transferable right to make and sell Audions, him-
self.  The resulting repeater tubes, no lomger re-
sembling Audions, became the beginnings of the 
“tennis-ball” series, and soon became standards 
for the Navy and the Army Signal Corps, just in 
time for their exploitation before the U.S. entry 
into World War I.  In that pre-war period, Gen-
eral Electric joined in the experimentation on the 
Audion, emboldened by Arnold’s remarkable 
improvements, and by 1917, when the US be-
came active in the war, GE offered their versions 
of the three-element tube, called a Pliotron in 
their Greco-Schenectady language, to the Navy 
and got the Government to guarantee freedom 
from patent-violation lawsuit for the war dura-
tion.  This opened the door for major improve-
ments, and several other manufacturers joined in 
the military supply chain in the vacuum tube 
line. 
 
Both AT&T (Western Electric) and GE supplied 
high quality triode tubes to the military in huge 
quantities, while lesser outfits, including deFor-
est, supplied somewhat similar three-element 
tubes as well, but in far smaller quantities, and 
usually for experimental apparatus.  The war was 
the excuse used by the Navy to have granted the 
freedom from lawsuit, but it produced the most 
beneficial research and development yet seen in 
the electron tube industry, and led to tubes that 
would find their way into civilian equipment 
made by the millions.  By the time the war 
ended, the Americans had produced aircraft ra-
dios, both transmitting and receiving, at both 
Western Electric and GE.  (The transmitting part 
was not difficult; what was needed was rugged-
ness and relatively high power level operation, 
since antennas on aircraft were notoriously inef-
ficient due to their small size (unless trailed far 
behind the plane, which was dangerous and 
fraught with accident).  The real difficulty was 
receiving in the aircraft, since most aircraft had 
spark ignition systems, which acted like numer-
ous small transmitters, and their proximity to the 

(Continued from page 9) 

desired receiver in the plane made its perform-
ance in receiving distant signals very problem-
atic. 
 
This led to a whole new industry, the shielding 
and filtering of aircraft electrical wiring and igni-
tion systems to reduce or eliminate this source of 
interference.  The secondary benefit of such 
shielding was that it also made the aircraft less 
detectable by radio receivers in the hands of en-
emy military forces,   This sort of interception of 
“spark-plug” signals from distant enemy aircraft 
was the effort that a US captain, Edwin H. Arm-
strong, was pursuing when he discovered the su-
perheterodyne method of reception, since the 
desired signals were above 3 MHz, beyond the 
highest frequencies that were readily amplified 
by the tubes of the period.  Not that the spark-
plug signals are more intense there, but the ab-
sence of intentional radio signals in that fre-
quency regime made it more desirable as a sur-
veillance arena for such clandestine signals.  The 
superheterodyne circuit made radios far more 
sensitive and selective, and its developemnt was 
a direct result of these WW1 efforts of Latour, 

(Continued on page 12) 

To control the terrible frequency drift of transmit-
ters and receivers in WW1, wavemeters like this 

were used, employing a coil for each band, and a 
buzzer for a signal to set transmitters and receiv-

ers tuning.  Crystal control waited ‘til 1926. 
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O 
NE of our astute readers, 
Joe Sousa,  liked the May 
issue, with its Ludwell 

Sibley Catechism on carrier current 
“radio,” but thought it skipped car-
rier current intercom systems…. I’ll 
let their messages roll: 
 
Hello Lud and Ed: 

 
Thank you for another great issue of RA. I read 
the whole thing this  morning after breakfast. 
The history of carrier current as Lud described 
it is long and varied. My only close-up encoun-
ter with a carrier current set was with a pair of 
house intercoms from 1955 by Mitchell. This 
set was interesting to me in that it's design re-
vealed some of the fundamental constraints of  
such a setup. The carrier frequency is not speci-
fied, but I remember something in the  100kHz 
range. Two 50B5s are used; one as oscillator/RF 
driver and the other as modulator in transmit 
mode. In receiving mode, one 50B5 drives the 
speaker, while the other is a simple diode detec-
tor for the un-amplified incoming signal. The 
lack of RF amplification, or of a sensitive grid-
leak detector made it clear that the approach 
was to dump quite a bit of RF power on  the line 
to overcome interference, which then made a 
selective and  sensitive receiver pointless.  
 
Lud, regarding your section on problems of 
power line modulation you can add to the mod-
ern sources of 60Hz line modulation, the full 
wave 60Hz rectifiers in modern power supplies. 
Some of these are not RF choked off from the 
mains and modulate the mains impedance with 
a very low impedance short to the 120Hz filter 
capacitors. This short is well under an ohm, if 
the peak currents are even a modest 1A. 
 
Lud Sibley responded: 
 
Awww, you’re right - I didn't pay attention to c-
c intercoms.  As I half-remember Rider's PA 
Systems binder, Bogen made them in the '30s.  

 

Tidbits 
Even  Radio Shack offered them.  If you read the 
fine print on the Sams, the Mitchell could be 
tuned up  to "approximately" 175 kHz.  This 
must've been a way to set multiple channels for 
groups of intercoms fed by the same distribution 
transformer, e. g.  don't jam the neighbors down 
the block. 
 
Incidentally, It's odd that they used the 
"forbidden" / "obsolete" 50B5 in the mid-'50s.  
Maybe the Purchasing Department got a deal on a 
bulk purchase of somebody's  overstock.  
 
 Here's a thought that's never been addressed.  If 
one looks at a '20s  article on the Wired Radio 
scheme at 50-60 kHz, it's clear that the transmis-
sion loss rippled with frequency.  The ARRL 
Handbook article for wartime  ham carrier curent 
around 200 kHz shows the same effect.  Trans-
mission from "A"  to "B"  has ripples that differ 
from those from "C" to "D" or "E" to "F."  I'll bet 
that,  in a  dormitory, there are umpteen quarter-
wave shorts affecting  transmission to Room A or 
a room on the second floor.  The frequency  re-
sponse from transmitter to receiver was probably 
different, even  though the ripples would be 
evened out by having two sidebands.  This  topic 
would've made a clever EE-paper field investiga-
tion!  
 
 As for hum crud generated in modern switching 
power supplies, yes, the  broadcast industry is 
ticked off but the FCC's not doing much.  Analog  
AM is  deeply troubled as the noise level de-
grades.  And that's concerning over-the  air trans-
mission, not just hum modulation in c-c. 
End of messages. 
 
Of course, the gradual degradation of AM radio 
fidelity (reduced signal-to-noise ratio) van be 
cured for us radio collectors if we make, buy, or 
swipe a good AM transmitter for the home, like 
the Sousa Tomato Soup Can radio he wrote about 
in RA, and on radiomuseum.org 
Read it. 
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Meissner, and Armstrong. 
 
So, insofar as radio is concerned, the first World 
War was the stage for the development of really 
effective electron tubes, both for transmitting 
and receiving.  In America, it was thre military 
demand for good tubes and the phone com-
pany’s appreciation of the need for repeaters 
that prompted the free development of long-
lasting, high-quality triode tubes.  This made the 
next decade the era of the real birth of what 
would become “popular” radio.   The electron-
ics industries would have developed anyway, in 
time, but might have fallen far behind that of 
Europe, where distance, alone, freed their scien-
tists to develop improved (over the Audion) 
electron tubes in the immediate post- WW1 pe-
riod, irrespective of patent laws [3].  Once de-
Forest’s Audions got to Europe, the tube devel-
opers there followed the same paths as had 

AT&T and GE in this country, with an entertain-
ment radio industry also replicating the post-war 
craze in America.  In Germany, experiments drove 
the tube designers to try multiple grids, creating 
what would appear to be tetrodes and pentodes, 
but not connected in circuits to realize the tetrode/
pentode benefits [4]. 
 
Another radio invention of the first World War was 
the radio direction-finder.  It appeared almost si-
multaneously in England, Germany, and the USA, 
each concentrating on a different way of imple-
menting the process.  All early experimenters had 
discovered that an antenna wire, wound up into a 
large coil, which was then tuned to the desired fre-
quency by use of Leyden jars (or other capacitors)  
became a directive antenna, sensitive edge-on to a 
signal source, but insensitive when set broadside to 

that same source.  National Bureau of Standards 
engineer Frederick Kolster showed he could stand 
the loop on a turntable or axle, so it could be ro-
tated to become edge-on to any compass direction 
desired, and it would radiate (as well as receive) 
signals in that direction (as well as in the opposite 
direction, which was also edge-on), but was virtu-

Probably the finest radio made in the WW1 period 
was this Navy SE-1420, which became the com-

mercial IP-501.   

 

The SCR68,  WW1 transmitter/receiver for aircraft, 
opened up to show interior.  Three VT-1s go in 

sockets on right, two VT-2s in sockets inside the 
tank coil. 
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ally devoid of any radiation or receiving capabil-
ity in the two broadside compass directions.  His 
purpose was to mark official airways with radio 
beacons that would allow planes, equipped with 
such loops, to be navigated safely over unfamil-
iar or poorly visible routes to their destinations.  
 
But during that first World War, direction finding 
was pursued with a more deadly objective: trying 
to locate the enemy’s command headquarters so 
it could be destroyed or its messages intercepted, 
for whichever military outfit you were part of, 
artillery or intelligence.  To locate sources of ra-
dio signals thought to be of military interest, 
Americans rotated loop antennas; the British, 
instead, used paired loops, crossed with respect 
to each other, and these remained fixed.  Each of 
the loops fed, via conveniently long transmission 
lines, one of a pair of crossed coils, each tuned 
by capacitors to select the desired signal, while a 
rotatable coil picked off the signal inside these 
crossed coils.  This latter part was called a go-
niometer, and it made the direction-finding a 
delicate affair requiring fingertip precision, 
whereas the Americans had to wrestle a heavy 
loop, usually mounted in a very uncomfortable 
location high on top of a steeple or pole.  But 
both worked well, and spawned an industry in 
radio surveying, for rescue, navigation, and intel-

ligence gathering.  The Germans 
tended to use both systems, but 
favored the British system, which 
allowed officers to operate the 
actual direction-finding with the 
delicate goniometer, whereas the 
American method usually had an 
enlisted person manhandling the 
rotatable loop, following the 
shouts and prodding of the offi-
cer. 
 
During that war, the French had 
developed a totally different way 
of finding the sources of German 
signals.  They networked their 
listeners, and each listened for the 
sought-after signal, and when 
found, the various listeners would 
compare notes as to the signal’s 

strength and clarity, figuring that the closest lis-
tener had the highest signal stength and the least 
interference and noise.  The pattern made by 
plotting signal strengths was studied by a very 
experienced officer, who then pronounced from 
where the signal was likely coming from.  They 
were right much of the time, to the astonishment 
of English and, later, American signalmen.  
Many of the direction-finding techniques discov-
ered in that war changed very little during the 
next 25 years, in large part because the radio 
spectrum grew upward in frequency (downward 
in wavelengths), where many of the methods 

This is an SE-1100 aircraft transmitter installed in a flying boat of the 
WW1 era.  It uses two 50-watt tubes, oscillator and output tube, and 

was designed for MCW, using a buzzer as audio source.  The SE-
1100 was made by American Marconi. 

The best aircraft radio of the first world war was 
this SCR-68, interior of which shown on previous 
page.  The closed compartment on left hides the 
frequency controls from the pilot. 
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failed, mainly because of the variations in signal 
polarization at operating frequencies higher that 
those in use in 1918. 
 
The end of the First World War marked the be-
ginning of civilian experimenters beginning 
again to master the science of radio communica-
tion, this time with electronics, not fussy little 
mystery detectors and massive spark, arc, and 
rotating machinery as the objectives.  Indeed, 
these were now the jumping-off platforms.  The 
triode vacuum tube seemed to be the magic ele-
ment that would allow unlimited messaging of 
correspondents over unlimited distances, and 
wide spectrum use from the intercontinental-
distance Navy long-wave systems to the myste-
rious reaches of signals as high in frequency as 3 
MHz. The vacuum tube had left the grip of de-
Forest, and had become a real electrical compo-
nent, with actual specifications.  And, although 
German workers (mainly Schottky at Siemens-
Halske) had patented multi-grid vacuum tubes, 
these were still not to be in use for another ten 
years.  Radio had not yet entered the home, ex-
cept perhaps in thje cellar, where Junior was 
constantly tinkering, but within a couple years, 

 

the art would explode into the first Golden Age 
– the roaring twenties, which saw the birth of 
the entertainment role of radio, bringing it into 
the sanctity of the living room. 
 
End Notes: 
 
[1] The Russian ships at Pt. Arthur apparently 
threatened continued Japanese invasions of 
China and Korea. 
[2]See Radio Age, “The Navy and deForest,” by 
Ed Lyon, June 1992 issue, pp1, ff. 
[3] Siemens-Halske and Telefunken, particu-
larly, produced both soft and hard-vacuum tri-
odes, largely irrespective of American patents.  
[4]See Tyne, Saga of the Vacuum Tube, Chapter 
12. 

One of the tube developers of the WW1 patent-
amnesty period was Myers, who came out with 
his RAC-3 triode, with two terminals coming out 

each end.  It fit into a snap-in holder, and was 
bought by experimenters, by and large.  How-
ever, Lowell and Dunmore, of National Bureau 
of Standards built radios like this one, for sale, 
while they worked at NBS.  The tube holder has 

snap-ins on the back, as well, to hold the ra-
dio’s tuned circuit (the rectangular thing)..  

 
 

 

This is the Tomato Soup Can household 
transmitter that can send your CD-or DVD 

music to your AM radio collection. 
https://www.radiomuseum.org/forum/

hi_fi_am_transmitter.html 
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Antique Radio Repair :   30 
years experience in repair of 
antique radios and tube equip-
ment.  Reasonable Rates.   Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: jfradio@aol.com; or 
web: www.jfradiorepair.com 
 
For Sale: 
 Photocopies of DOD publication 
on tube tester Models I-177, I-
177A, I-177B, and socket adapter 
MX-949/U (the external plug-in 
unit for testing transmitting and 
other tubes with sockets not in the 
I-177). 20-page 8.5 x 11 document 
contains instructions for these tube 
testers and the adapter, schematic 
and other info, and test data for 
many more tubes than are listed in 
the small book in the lid. $8 
postpaid in U.S.A. All proceeds 
benefit the Museum. Check 
payable to NCRTV Museum--mail 
to NCRTV Museum, PO Box 1809, 
Bowie, MD 20717. Or, order at 
ncrtv.org and pay via Pay Pal. 
 
 

Wanted: 
Geiger Counter aficionados – I 
would like to correspond w/ 
members interested in 40’s to 50's 
vintage Geiger Counters. I’ve 
managed to repair a couple of ‘em, 
including one made by HEATH, and 
would be pleased to discuss the trials 
and tribulations encountered. Please 
e-mail, snail-mail or telephone! 
 
Stephen Imms  
6035 E. Pine Crest Ct, Cornville, AZ 
86325; 928 852 0881; Email 
steveimms@cableone.net 

 Classified Ads 
Ads are free of charge to club members. Please, one ad per member per month, 
limited to 100 words. All ads are subject to editing. Ads will not be repeated 
unless resubmitted. Send ads to editors, whose addresses are on page 2. The 
usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 

WANTED: 
Wanted: Audio magazine January 
1987, any condition. Cash paid. 
 Thanks -- 
John Okolowicz, (215) 542-1597, 
john@grillecloth.com.  
 
For Sale: Manufactured vintage 
radio furniture combinations: 
breakfront, chairside, revolving 
drum table, lamp. Home furnish-
ing investments you and your  
spouse will be proud of. Gerald 
Schneider, 3101 Blueford Road, 
Kensington, MD 20985-2726, 
Phone:(301) 929-8593. 
 
SALE: 
Ampex 351-2 Stereo Recorder In 
portable Cases with many spare 
Parts,  $450. 
Hallicrafters S 76 Receiver   with 
Speaker, $125 
Harvey-Wells Bandmaster Transmit-
ter, $75 
Misc EYE tubes loose 3-
6HU6/EM87, 2-6E5, 1-6U5 NOS in 
Box 
Transmitter Tubes 1- 83 NOS, 
Boxed, 2-6146 NOS, Boxed, 2-807 
NOS Boxed, 
2- 812, 1 boxed, 1 loose, 1 2A3, 
Boxed,  3- 45, Boxed, 1-B759 Gold 
Lyon NOS, Boxed 
1-860-VT17 loose, 1-10Y loose,  2-
211 loose, Videcon 8507A  NOS 
Boxed 
1-2BP1CRT, loose. Make offers on 
tubes of interest. 
Gordon Graves ph: 410-266-5404 
Timeman595@aol.com  
 
 
 

Sale: 
I have been making solid state bal-
lasts for the past 8 months now. Built 
on a glass epoxy circuit board and 
built into a JFD ventilated metal bal-
last housing. Pilot light(s) protected 
from in-rush current with Zener Di-
odes. Have versions available for 
common 4, 5 and 6 tube circuits. See 
basic write up on my web site page: 
www.oldradioparts.com 
Click on Radio Parts then click on 
ballast tubes.  Gary Schneider 
[e-mailto:gbsptop@aol.com] 
 

For Sale:  Reproduction knobs, push 
buttons, tabs, and various rubber 
parts for  
vintage/antique radios. Many parts 
aren’t found anywhere else. (Latest 
product:  
Rubber feet for Zenith table-tops.) 
Go to www.RenovatedRadios.com to 
see the full selection of radio parts.  
 Ed Schutz  
http://www.RenovatedRadios.com  
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MAARC Your Calendar! 
 

 

  

The latest word on the date/time of RadioActivity 2020, a major radio/
audio/ham meet fully described in the March and 
April  issues of this Journal in the blue centerfold 
sheets is revised as follows:  Dates are tentative!!! 

Dates: October 1-3, 2020, Location: Sheraton College Park North Hotel. 

 

 

 as described in the blue centerfolds, (March and April issues)  Watch 
MAARC.ORG for the latest details on getting hotel 
rooms, and all the rest of the details. 

 

 

 

 

Presort Standard 
US Postage Paid 
Permit  401 
Frederick, MD 

Mid-Atlantic Antique Radio Club 
c/o Geoff Shearer 
14408 Brookmere Dr. 
Centreville, VA  20120-4107  

RadioActivity 2020 POSTPONED;  SEE re-schedule, above: 


