
 
  

F OR Christmas, 1958, or possibly 1959, we got 
our kids a record player that had a “Three-

Channel Stereo” capability, or so it claimed.  I seem 
to remember it being a VM brand (their motto: 
“Voice of Music”), but that might have been just the 
turntable’s maker.  It had three speakers, two small 
ones (5-inch) in little boxes, that detatched and could 
be spread apart about six feet – each three feet away 
from the turntable-plus-
amplifier box, which had its 
own larger speaker (about 8-
inch) on one end. Along with 
the record player the kids got a 
10” LP record that had 
Prokofiev’s “Peter and the 
Wolf,”  narrated for kids.  On 
the flip side the record had a 
number of kid’s sing-along 
lessons in rhyme.  They got to 
be expert at working the unit, 
playing the pieces endlessly, 
and experimenting with 
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speaker placement, volume, and balance.  With the 
small speakers spread, the stereo effect was 
pronounced, even with the larger speaker tending to 
produce much more sound volume than the small 
ones. 
 
I was curious about how it passed for “three-

channel” stereo, since the 
record pickup cartridge clearly 
was a standard stereo unit, 
producing but two outputs – 
left and right.  For the reader, 
here, who is not familiar with 
the way stereo pickup 
cartridges (or stereo vinyl 
records) work, perhaps we 
should review that very briefly. 
 
Flat records, as opposed to the 
ancient Edison cylindrical 
records, carry a spiral groove 

(Continued on page 3) 

 
AUDIO UNDER GLASS 

THE 1950S THREE-CHANNEL STEREO 
BY ED LYON, WITH INPUTS FROM JOE SOUSA 

 
Was it “better” stereo, worse stereo, or was it stereo at all - that burst of small LP vinyl disc players of the late 
1950s and early 1950s?  Seems to have originated with Motorola, and it was aimed at the younger part of the 

market - perhaps college kids and their dorm rooms. Here’s how it worked…. 

Figure 1. Westrex 45-45 stereo record cut-
ter head 
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that usually starts near the outside edge of the record 
and after many turns of the record on its turntable, the 
groove finally ends near the center of the record disc.  
Sounds are recorded in this groove, by either making 
it deeper and shallower in accordance with the 
vibrations of the music or voice being recorded (the 
Edison or “hill-‘n’-dale” method) or by wiggling the 
groove side-to-side (the lateral or Berliner method).  
In stereo recording on these records, both hill-n-dale 
and lateral methods are used simultaneously.  But it is 
NOT as simple as putting the right channel into hill-n
-dale and the left into lateral groove modulation 
formats, for several reasons.  Technically it is wrong, 
because the hill-n-dale method is inherently of poor 
quality owing to nonlinearity in the forces required to 
produce hills and dales.  Market-wise it is also wrong, 
since mono-channel records and playback systems 
would not be compatible with such stereo records or 
their playback methods.  Figs. 1 and 2, here show the 
details of the basic commercial methods of cutting 
the record, and of the playback technique, 
respectively.  The modulation of the cutter knife and 
the resultant motion of the playback needle tip is 
driven  to be at 45 degrees to the vertical (and to the 
horizontal) so that all cutting and all playback needle 
motion is along those 45-degree directions, one for 
left program material, and the other direction for right 
material.  As a result of the cutting (and playback) 
along these two slanted directions, the net lateral 
motion of the needle will be caused by the sum of left 
and right channels, and the hill-n-dale component of 
the groove so cut will reflect the difference between 
left and right program material. 
 
Thus, playing a stereo record on a monaural 
phonograph (which responds only to the lateral or 
Berliner groove modulation) will result in it sounding 
like the sum of what the two microphones in the 
recording studio picked up, which is perfect.  Note in 
Fig. 2, that the playback sensors in the stereo 
cartridge are also at 45 degrees to the vertical and 
horizontal, so they pick out the left and right channels 
with the two separate sensors (piezo-electric in the 
Fig. 2 example). 
 
The booklet that came with our “VM” unit had no 
detailed schematic, but did have a block diagram that 
showed that the amplifier fed all three speakers.  This 
was no cheap ac-dc unit, either, but had two 6AQ5 
audio output tubes plus two 6AU6s and a rectifier.  I 
never had to service the unit as long as the kids used 
it, as they accumulated a stack of records that they 

(Continued from page 1) 

would play from time to time, both for their own 
amusement and that of the neighborhood kids.  The 
unit seemed to have disappeared after a couple of 
household moves, when the kids were older and  
forgott those records and the “three-channel” stereo. 
 
Then, almost a half-century later, in 2007, Joe 
Sousa wrote me a note, saying he had picked up a 
Motorola stereo amplifier chassis in a New England 
flea market, and dissected it, after noting the poor 
realism of the stereo effect when he tried various 
stereo inputs.  His description of the amplifier 
revealed that it was likely very similar to the old 
“VM” unit our kids had enjoyed.  Joe’s description 
of what he found inside the amplifier  is 
summarized here as Fig. 3, in block diagram form. 
In the diagram, note that the amplifier inputs are, 
truly, left and right stereo channels from a stereo 
record pickup cartridge, but one of them is inverted, 
having the two wires from the cartridge reversed.  
Indeed, in experimenting, Joe found that he had to 
invert one of his stereo inputs (from an FM tuner) 
to make the program sound  right, and then only if 
he also inverted that channel’s speaker connection.  
Of course, in my old “VM” unit those reversals 

(Continued on page 4) 

Figure 2. Typical LP record stereo pickup cartridge 
mechanics, this one being piezo-electric ceramic. 
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must have been done in 
the factory. 
 
But to continue with Joe’s 
dissection, note what 
happens once we get into 
the power amplifier, 
shown in the figure, here, 
as a push-pull pair of 
pentodes (6AQ5s in my 
old VM).  In this push-
pull arrangement, though, 
note we run into a single-
ended output transformer 
on the way from each 
plate to its push-pull 
transformer connection.  
Joe pointed out that this 
“on-the-way” single-
ended transformer is 
special: Aside from being 
cheap, it has low primary 
inductance, probably only 
about 1 Henry or so, and 
so it will not serve to 
offload any of the bass 
notes in the musical program material.  Instead it 
will feed only the mid-range and treble material to 
the small speakers, with the upper tube handling the 
left channel and the lower tube carrying the right 
channel.  Note that the right channel is phase-
inverted twice, meaning it is not reversed at all 
insofar as the left and right (small) speakers are 
concerned.  Thus, the mid-range and treble music 
will have good stereo separation and “presence.” 
 
But now, to continue with the circuit after the two 
low-inductance transformers have peeled off the left 
and right mid-range and highs, there now comes a 
real balanced push-pull transformer which does its 
thing: it sends the difference between the two 6AQ5 
plate currents to the large speaker, employing a high
-inductance balanced primary winding.  Now the 
two plate currents we are talking about are, first, the 
upper channel, which is the Left channel, and the 
lower channel which is the inverted Right channel, 
so that their difference is L-(-R), which is L+R.  
Thus the center, big, speaker gets the sum of left and 
right,  and is more powerful than either the right or 
left channel, so this is Motorola’s (and VM’s) third 
channel, made for bass notes especially, and fit for 
them, as well, being push-pull (so that the 

(Continued from page 3) 

transformer’s primary plate currents cancel and leave 
the full inductance of the primary intact) and having a 
larger speaker, to handle these notes.  Furthermore, as 
the experts like Fletcher and Olson had shown years 
before, below about 300 Hz sound frequencies, very 
little stereo effect will be realized, as our ears are just 
too close together. 
 

So this system, probably developed originally by 
Motorola, but soon copied by many other stereo 
sellers, claiming three channels (including such 
names as Bose!), turns out to be just a tad more 
efficient than most full-scale stereo systems which 
carry the stereo separation all the way from the bass 
to the highest treble, even though at low frequencies 
it only serves to aggravate sound balance problems in 
the larger sound theaters. This is because if two 
separated speakers carry the same program material 
(as happens in bass notes), there will be uneven 
sound levels throughout the room caused by 
frequency-sensitive signal cancellation and 
reinforcement. This 3-channel scheme looks like a 
good way to recoup those old P-P monophonic 
amplifiers. 
 
Our kids still remember “Peter and the Wolf.” 

Figure 3. Block diagram of Motorola (and other brands, as well) 3-channel ste-
reo LP record player, showing the two reversed Right channel connections. 
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ers grouped into several squadrons and awaited the 
arrival of the torpedo planes, which they were sup-
posed to protect, but some of the torpedo squadrons 
and most of the fighter squadrons, had not been let in 
on the highly secret Fuller intercept plan.  Those who 
were not in on the plan were not sure what their tar-
get was, and many searched around and finally ran 
low on fuel and returned to bases.  The British MTBs 
and MGBs were found to be woefully poor in per-
formance relative to that of the German E-boats, and 
many of the British craft were battle-damaged or 
failed in some way or other, mostly due to engine 
failures when run at high speeds. The torpedo bomb-
ers, both Beauforts and the ancient Swordfish, were 
heavily damaged or destroyed by German fighters 
and ships’ anti-aircraft fire. The radar stations, by 
now alerted to the enemy targets, began frequency 
shifting to find that the noise problem was not gener-
alized, as thought, but was carefully tailored to each 
radar’s operating frequency, and could be avoided by 
frequency-shifting the receivers and bringing on-line 
spare transmitters, leaving the jammed transmitters 
operating on the jammed frequencies, so that the Ger-
man jammer operators would not be alerted.  
 
The result of the whole episode was the successful 
transit of the three German ships to Norwegian wa-
ters, where they operated only infrequently against 
arms convoys, losing their escorting destroyers one 
by one, and finally all these ships were lost, while, 
meantime, Hitler’s anxiety about Norway being in-
vaded by Britain was just another of his military mis-
directions. 
 
2. Another example of the problem of troubles that 
originate gradually, such that they are not noticed or 
are dismissed, occurred far more recently – in 1987.  
This writer was charged with the responsibility of 
teaching USAF officers and airmen on the subject of 
radar countermeasures against the Air Force’s over-
the-horizon (OTH) radar prototype operating in 
Maine at the time.  This prototype radar was made up 
of separate transmitter and receiver stations, the 
transmitter near Moscow, in western Maine, and the 
receiver “down east” in the blueberry region of the 
state , at Columbia Falls.  The receiver site also 
housed the control center where the control consoles 

(Continued on page 6) 

B 
UT there was a serious problem with the intri-
cate plan to thwart the escape of the German 
warships, the plan called Fuller.  It was clas-

sified Most Secret, and the whole plan was known 
only to a few in the Royal Navy, and to almost no-
body in the RAF or radar stations.  This would later 
cause trouble. 
 
Chain Home radar stations, the early-warning system 
for Britain, reported German aircraft flying from 
France toward the Channel several times that night 
and in the daylight hours of the 12th, but these were 
not large bomber formations, but ones and twos of 
aircraft, and were not considered alarming.  Chain 
Home had detection problems against fighter-sized 
planes flying alone or in pairs, especially if they flew 
at low altitudes.  Like the E-0boats, the German 
flights were traveling out to relieve flights already 
accompanying the convoy.  The higher-frequency 
(Types 270 and 271) coastal radars, usually capable of 
ship detection in the Channel, were beset, by this 
time, by very heavy jamming, which had crept up on 
the radar operators in so gradual a fashion that they 
had periodically turned down the radar receiver gain 
to maintain identification of the spiky sea clutter re-
turns on the scopes, and thus missed seeing any of the 
E-boat groups that periodically swept out to meet the 
German convoy, and missed recognizing the convoy, 
itself, detected after-the-fact by several solitary radar 
stations whose outputs didn’t interconnect to allow 
consistent tracking. Two or three of these radar opera-
tors asked if this was Fuller, but nobody seemed to 
know what that meant. 
 
During the afternoon of the 12th, by which time Admi-
ral Ciliax could not believe his good fortune of not 
having been intercepted, the weather began to 
worsen, and within an few hours, the winds were be-
ginning to whip green water over the bows of the 
German destroyers, and the E-boats were having 
problems staying in decent formations.  But in Brit-
ain, several stations began piecing together the frag-
ments of radar and sighting data accumulated that 
day, and also invoked  the Fuller warning.  Immedi-
ately, RAF Fighter Command and Coastal Command, 
aware of the Fuller code, dispatched aircraft to search 
for and attack the German fleet, roughly located in the 
narrowest part of the Channel, near Dover.  The fight-

GRADUALLY TOERATING NOISE - PART 2 
BY ED LYON 

This is Part 2 of a two-part article. Part 1 appeared in Radio Age , May 2019 issue. 
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recognize it as jamming.  
 
Whelan knew, as we all did, that in the case of a na-
tion’s early-warning system, which was what the 
OTH radar was one-day going to be, the very act of 
jamming it can be considered hostile, but the rub is 
that the radar operator must recognize that it is jam-
ming he is looking at, and not just a natural or equip-
ment effect.  I approached the USAF officers who 
were in command of the radar checkout and the 
squadron learning to man the radar, and explained 
this discussion I had had with Whelan, and they 
agreed that I should get him to make up such a jam-
ming device, if it could be done for less than some 
amount that I do not recall accurately, but it seemed 
to be less than a few thousand dollars – about the 
price of a couple claw-hammers.  
 
The training and demonstration exercises took almost 
a month of lectures, illustrations, and demonstrations 
in the Maine operations center, still located at the ra-
dar receiving site near Columbia Falls, ME. (As the 
radar matured that year, the operations center would 
be moved to a new building at the Bangor, ME, air-
port, where the Maine Air National Guard was 
based.)   One of the counter-countermeasures I had 
suggested to the airmen was that if unusual short-
wave-band noise were encountered, they should get 
into the habit of calling up the US Navy’s HF/DF site 
located at Winter Harbor, ME, about 40 miles away, 
and simply ask them what the HF noise level was, at 
XX MHz or thereabouts.  The notion here is that HF 
(or shortwave) noise is geographically spread if it is 
naturally caused, but not usually if it has a point 
source, like a sparking power-line insulator, a car en-
gine with defective ignition system, a sparking motor 
commutator, or a jammer.  The USAF officers in 
charge thought this was a good idea, and approved it, 
after consulting with the Navy. 
 
Whelan took on the job of making the device – or 
really, the devices, as he had volunteered that it 

(Continued on page 7) 

and displays were centered.  This was the 
“classroom” for the airmen, as they operated the ra-
dar as though it was in full service.  Here,  USAF 
airmen worked in all operating positions, backed up 
by General Electric’s field engineers.  Many of the 
countermeasures procedures and relevant counter-
counter measures might possibly still be classified, 
and these will not be mentioned here, but a particular 
textbook countermeasure, one which has a long his-
tory in the radar field, can be described.  It was sug-
gested by Bill Whelan, this writer’s former boss, and 
later a colleague, as something he had done years 
before, in the sonar field, just after WW2, at the peak 
of the cold war. 
 
The way Whelan described the method, it was to em-
ploy timer-controlled noise, which for sonar would be 
audible (and sub-audible) underwater noise, while for 
an OTH radar it would be noise-modulated radio-
frequency signals on the radar’s operating frequency.  
The timer would start the noise generation, beginning 
with noise that is undetectably low in strength, and 
over a period of hours, perhaps half a day, it would be 
increased very gradually, until it was sufficient to 
suppress detection of sonar – or radar – echoes of 
interest.  The USAF radar had echoes of aircraft as 
their objective, and so the noise level required to sup-
press detection of these echoes could be calculated, 
even if the detailed parameters of the radar were not 
known.  Whelan asked a number of questions about 
the radar, like how big the antennas were and what 
the size of the power substation was, both being fac-
tors he could have obtained by traveling to Maine, 
packing a camera, and hiking the trails through the 
mountainous region where the transmitter was lo-
cated, and the “down-east” flatlands where the re-
ceiver was located, none of which was inaccessible to 
the public.  With these estimated figures, and his un-
derstanding of radar technology, he proposed to make 
a number of noise generators that an agent might toss 
out of a car window near the radar receiver site, and 
which would create their jamming of the radar in a 
surreptitious way, such that the operators would not 

(Continued from page 5) 

FOR THE RECORD 
 

The June meeting took the form of a giant radio meet and hamfest, rolled into one.  At press time, the turnout 
was known to be about like last year, based on pre-registrations alone.  The cost to the attendees for MAARC 
RadioActivity meets, as this one was classed, is about as low as any such meet in the country, so that the atten-
dees can save their cash for the swap-meet phase or the auction, which looked like it had some beautiful pieces 
to sell, including a Philco Radio-Bar, in very good condition, and with a huge glassware ration.  Can’t wait for 
the next issue, which might have some pictures of the event. 
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would take from five to eight of the small noise 
sources to properly(?) cover an antenna the size of the 
one in Maine (it was over 3000 feet in broadside 
length), since his objective was to affect a good num-
ber of the  receivers, and therefore not readily locat-
able in the array antenna.  Then he asked when the 
jamming exercise would take place, and I thought 
about it and suggested late November, probably early 
Thanksgiving week, and asked why he cared.  He said 
he wanted to paint the little jammers to fit the back-
ground, so that they might not be easily seen by a cu-
rious patrol.  When I told him late November, he 
laughed and said he would not need to paint them, as 
they were already white, like the probable snow that 
time of year in Maine. 
 
The jammers arrived by UPS a few days later, and 
they were each housed  entirely in short sections of 
white PVC pipe and pipe fittings (tees, elbows, cou-
plings, etc.), like you would buy at Home Depot.  The 
top was a threaded PVC cap with a whip antenna post 
cemented into its center.  On the side was an weather-
proof switch to turn it on, a “day”/”night” switch,  
and a tiny clear plastic window to let in enough 
sunlight to cause a photo-switch to change the noise 
as a function of whether it was night-time or day-time 
outside, when the trials would take place.  This was 
an expedient, as we had crowded Whelan’s schedule, 
leaving him insufficient time to design a single noise 
source for the entire HF band.  Therefore he designed 
two sources, each for about half the band, geometri-
cally divided, to be exact.  The logic here is that at 
night in winter the radar would likely use the lower 
half while using the upper half of the frequency band 
in daylight.  The noise run-up time was set at four 
hours, a lifetime for radar operators, and the units 
turned on two hours after the sun rose, or set 
(depending on the day/night switch), provided the on-
off switch was set to “on.”  
 
I delivered four of the devices to the receive site in 
Maine, waited ‘til almost nightfall, loaded a full stack 
of alkaline D cell batteries in their PVC-pipe battery 
holders, and  took them out to the antenna area, where 
I set them up in the weedy area between the patrol 
roadway which ran completely around the site, and 
the antenna.  I marked the antenna rear towers nearest 
each unit with a black magic marker stripe so I could 
find them after the tests, even if it snowed, because 
we certainly didn’t want them operating day after day, 
after the trials. Whelan had said the batteries would 
last about ten days if they were left on. 

Continued from page 6  
On the day the countermeasures trials were to take 
place, I paced behind the operators as first one, then 
another type of countermeasures were scheduled to 
occur.  Many of these tests were being executed by co
-workers of mine at some distance from the radar, 
such as in Argentia, Newfoundland, where routine 
commercial and special USAF aircraft flights simulat-
ing intrusions were in operation.  The various forms 
of countermeasures were turned on and off through-
out the morning, and at a lunch break, I dashed out to 
the noise jammers and switched them on.  The tests 
were scheduled to resume at 1 pm, and run ‘til 8 
o’clock that evening, after which there would be a 
debriefing of the operators, for both the day-shift and 
the swing-shift airmen who started at 4 pm.  Things 
were quite normal, and air traffic out in the 500-1500 
mile air traffic “barrier” was being routinely tracked 
by the radar operators.  The traffic occasionally in-
cluded  flight that was not correlated with ARINC-
reported flights, meaning it was a rogue or intruder 
flight, unknown to the FAA or other flight authorities 
(one of the Air Force mock intruders).. 
 
I knew that some of these flights were real, flown by 
the USAF would-be intruders, and some were spoof 
electronic targets produced by the Argentia counter-
measures crew working with me.  By 2 pm, though, 
Whelan’s little jammers were raising the noise, thin-
ning out the number of aircraft being tracked.  By 3 
pm, the number of tracks on the display screens had 
reduced to a few, and only in certain range intervals.  
The radar operators were changing frequency quite 
often, reacting to  what they felt were the effects on 
the ionosphere of the setting sun.  At 3:30, a mainte-
nance crew was called to check out receiver func-
tional tests, and they quickly reported four (of the 144 
receivers) to be below par in sensitivity.  The opera-
tors knew that a few bad receivers would certainly not 
explain the poor tracking performance, and so they 
wrote it off as ionospheric disturbances, which were 
not usual, but certainly possible.  When the 4 pm 
crew arrived and each operator was briefed at the 
consoles by the corresponding day crew member, sev-
eral swing-shifters asked if the Navy at Winter Harbor 
had been consulted about high noise levels. 
 
Oops. The day crew had been so busy trying to cope 
with the poor signal-to-noise ratios in the receivers 
that they failed to check if the noise was universally 
high, or just locally high, or was normal and the air-
craft echoes were just weak.  A quick call indicated 

(Continued on page 9) 
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S 
ATURABLE reactor tuning in-
dicator – A Majestic 
(Grigsby-Grunow) Model 

300A was being restored by Brian 
Belanger, and he needed a replace-
ment for an unusual tuning indica-
tor for the radio, the original having 
been burned out by overcurrent.  
The original unit was a three-

legged trio of inductors, meaning it was an ordi-
nary-looking EI - shaped laminated steel core, 
with a coil wound on each of the three horizontal 
portions (≡). By winding a coil on each of the 
two outer legs, both coils being identical, and in 
series with eah other, they act as a choke or in-
ductor, which had significalt impedance at 60 
Hz.  So they placed that pair of coils, series con-
nected, in the pilot lamp circuit so that the added 
impedance made the pilot lamp light up only 
dimly. Then they placed a coil on the center leg, 
and wired it in series with the B+ feed to the IF 
amplifier, thus passing the plate’s current 
through that center coil.  This current magnetized 
the center leg and the outer legs, since the mag-
netic lines of force generated in the center leg 
looped around both of the outer legs to form the 
loops that Mother Nature demands in magnet-
ism. Since there was no air gap in this three-
legged core, the d-c magnetic flux would saturate 
the core to an extent determined by how much 
current the IF amplifier drew. 
 
That’s how the original worked.  Replacement of 
it was going to be tough. Where would one find 
a core like that with three windings like that?  
Solution – use two identical ordinary cores each 
having a primary and secondary winding.  The 
primaries we will use to saturate, to the proper 
extent, both cores, and we can connect the two 
secondaries, wired in opposition to each other 
(so as not to induce any of the 60-Hz lamp cur-
rent into the IF amplifier plate circuit), and the 
two secondary windings (in series or parallel, 
depending on their impedanve, the lamp require-
ments, and the 60-Hz source voltage) will serve 
as the variable impedance, reacting to the d-c 

Tidbits 
current tending to saturate both cores.  Now, 
what sort of transformers should these be?  I 
thought they needed to be high impedance out-
put types of a small size, and if they had no air 
gaps they would tenbd to saturate at lower cur-
rent, which would be good.  So, rummaging 
through my stock of small output transformers 
without air gaps, I hit on two Stancor A-3857, 
which are listed as 25K ohms plate-to-plate-to-4
-ohm secondary, 5 Watt rating.  I also found a 
good number of small, hermetically-sealed mi-
crophone input transformers, which could 
probably be arranged to work. 
 
The Stancor output transformers worked well 
on the bench, and I found that the IF amplifier 
stage was supposed to vary in plate current be-
tween 5 mA and 20 mA, depending on grid 
bias, which in this radio is mainly supplied by 
the AVC bus.  So with a strong station tuned in, 
the plate current might dip down to around 5-6 
mA, so that the bulb should be fairly dim (since 
the transformer winding offers a high im-
padance).  Between stations, the plate current in 
the IF stage could go as high as 15 or 16 mA, 
and that certainly reduced the transformers’ in-
ductance and the secondary impedance offered 
to the lamp circuit.  In such case the lamp 
should brighten up. 
 
In the radio, the dim-to-bright ratio was not so 
clear.  Checking the IF amplifier circuit care-
fully, we found that the IF tube’s screen voltage 
was just over 150 volts, and that tube was made 
to take not over 100 volts there.  That meant the 
tube was always running at high current, even 
when a station was tuned in strongly.  Only 
thing to do is get that screen voltage down 
where the tube designer intended, nearer 100 
volts.  We added a screen series resistor to try 
that simple approach, and the b voltage dropped 
to 125 volts.  Still too high, so the recommenda-
tion now is to increase the screen dropping re-
sistance, or find a B+ source (there are several 
levels of B+ in this set) of lower voltage. 
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the noise level at Winter Harbor was normal, and so it 
was either high local noise of poor echoes from air-
craft .  The radar’s ionospheric sounder, however, 
showed that from the lowest frequency of the radar, 5 
MHz to about 12 MHz earth surface echo strength 
was normal, but in the 12 MHz to 30 MHz interval, 
the earth “backscatter” echo strength was not as dis-
tinct. This backscatter sounder swept through all fre-
quencies and recorded the “backscatter” echo 
strength and range to the distant area of the earth 
where the radar raypaths would normally reach the 
earth.  The squadron commander remarked to one of 
the airmen, “Hell, son, you can’t even detect the 
earth.  Something’s wrong.” 
 
Then they went through the routine they had been 
taught, but had overlooked in their concentration on 
making the radar work, to use the special Racal sur-
veillance receiver and the spectrum analyzer to ex-
plore the frequency spectrum, carefully, in order to 
detect manmade anomalies in any noise encountered.  
Soon they discovered that the noise was made up of 
very narrow spikes, each of minute time duration 
(something of the order of small fractions of a micro-
second), and of random spike repetition rate, varying 

(Continued from page 7) between several per microsecond to only a few per 
millisecond, but with all pulse characteristics seem-
ingly random in timing.  To a normal shortwave re-
ceiver, or to the radar receivers, it appeared as pure 
noise, and by 4 pm, it was at full strength, enough to 
override all aircraft echoes.  
 
The swing shift received a “well done,” while the day 
shift received a lecture.  Whelan’s noisemakers were 
later shipped to the Naval Research Laboratory in 
Washington, for later use in calibrating Navy OTH 
radars – or rather – their operators.  
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“ The Most Powerful and Sophisticated Over-the-Horizon Radar…..” 
By Ed Lyon 

Over-the-horizon (OTH) radars operate in the shortwave bands, which means they must be designed by people 
who have a good understanding of how shortwave signals are successfully transmitted propagated, and received.  

This is a true story about a big one that wasn’t so blessed. 

T 
HE title above is how that most erudite en-
tity, The MITRE Corporation, arrogated the 
Air Force’s Cobra Mist OTH radar, installed 

at Orford Ness, Suffolk, England in the 1967-71 
period.  That radar was tested, dissected, rebuilt, and 
retested by successive cadres of scientists and politi-
cians, and finally it was removed and scrapped in 
1972.  The test/evaluation groups included represen-
tatives from the Naval Research Laboratory (NRL), 
Stanford University, the MITRE Corporation,  Rome 
Air Development Center, Lincoln Labotatory,  and 
many RCA engineers and technicians  Notably ab-
sent from the test group were any persons, aside 
from three NRL engineers, who had ever designed, 
built or had even seen a successful OTH radar.  It 
thus excluded groups like Raytheon Corporation, 
General Electric, the National Bureau of Standards, 
and our company, by that time known as ITT Electro
-Physics Laboratory. 

The Cobra Mist radar, also termed the AN/FPS-95, 
began as Sentinel Mist, code name for an intelligence
-collecting radar that was to have been installed near 
Dyarbakir, Turkey, but which ran afoul of interna-
tional politics, and ended with its new name and new 
English address.  This staggering start gave the indus-
trial bidders a chance to get a fourth strike, if it had 
been baseball.   The change of location gave them an 
opportunity to re-tune their bean-counting; it cost the 
taxpayers another 8 million dollars (out of the esti-
mated 600 million estimated total overall cost of the 
program..  The program resulted from a decision by 
the U.S. Air Staff which had sent a delegation to NRL 
in 1964 to see what their MUSIC (and, later, 
MADRE) over-the horizon radars were all about.  The 
Air Force intelligence people were very hungry for 
good data on the performance projections of missiles, 
aircraft, and clandestine atomic tests in certain for-
eign countries, and satellite technology was still in its 
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infancy.  They could continue to try to intercept te-
lemetry signals used by the weapons developers in 
monitoring their tests, but these signals were never 
clear-cut in interpretation, and many were being en-
crypted or were bogus.  NRL saw the visit by Air 
Force officers as an opportunity to get more R&D 
money so they could perform more and more experi-
mental work toward improving OTH radar technol-
ogy.  Little did NRL realize that the USAF was actu-
ally sizing up the know-how of NRL as their primary 
technical right-arm in the forthcoming Cobra Mist 
radar contract, a paperwork job that could absorb 
(and bore to death) dozens of capable engineers. 
 

The Air Force had done enough homework to realize 
that their own research labs, like Rome Air Develop-
ment Center, had no such background, compared to 
NRL  At this time NRL had just raced through a suc-
cession of development and test stages of the MUSIC 
OTH radar, emphasizing Doppler separation of mov-
ing targets against a backdrop of heavy earth clutter, 
since the OTH radar basically “looks downward” at 
the surveillance area.  In these trials, NRL had de-
tected and tracked aircraft at 1000-mile ranges, had 
joined with the other nine OTH radars (see January 
2019 issue of Radio Age , p.1 story on HANE detec-
tion) in monitoring the 1962 high-altitude nuclear 
explosion trials in the Pacific, and had successfully 
detected and diagnosed several missile launches from 
Cape Canaveral in the previous two years.  As a final 
tribute,  ARPA (the Advanced Research Projects 
Agency, created as the Defense Department’s knee-
jerk reaction to the launch of Sputnik) blessed NRL 
as a can-do outfit in the OTH radar field. 
 

So, alas, NRL engineers and scientists had to act as 

(Continued from page 9) 

technical arbiters for thousands of questions  during 
the months of the bidding and selection process, as 
RCA, General Electric, and Sylvania battled to win 
the contract to design, build, install, test, and operate, 
this “largest and most sophisticated” OTH radar , 
then scheduled to begin evaluation tests in 1968, and 
be in full operation 18 months later.  After RCA won 
the contract, it was NRL, again, who had to answer 
their questions, but could not question their answers 
in any aspect of radar technology.  NRL assigned a 
few engineers to the task of full-time-help RCA but 
not questioning the what or why of the design. 
 

During this same time period, this writer  and his en-
gineering and field operations staff at ACF Electro-
Physics Lab, in Bladensburg, MD, continued with 
their research and development of OTH radars of a 
somewhat different sort.  Ours were primarily clan-
destine systems that were based mostly in overseas 
locations, doing exactly what the Air Force was aim-
ing to do with Cobra Mist.  Main difference was that 
our radars and surveillance systems, although operat-
ing in the shortwave bands, used modern microwave 
radar techniques like pulse compression, frequency 
hopping, phase-monopulse, and hypersonic-target 
Doppler extraction, in order to separate echoes of 
ballistic missiles from meteors and clutter while at 
extremely high altitudes.  We had built and operated 
two such systems in Pakistan, but these were in a 
zone which promised to get troublesome, as skir-
mishes had begun between Pakistan and India in the 
area.  One such radar had the code-name Earthling. 

(Continued on page 11) 

Aerial view of Cobra Mist antenna array, made up 
of 18 log periodic arrays arranged in an arc. 

View of NRL’s MADRE radar, at Randle Cliffs, 
near Chesapeake Beach, MD. 
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With the Pakistan Earthling site in some jeopardy 
the sponsoring agency looked forward and decided 
we should build a new, much more capable radar 
system in a different country, this radar to be called 
Checkrote.  This radar would operate in the 5 MHz 
to 30 MHz band, using “LPI” signal formats (for 
Low Probability of Intercept), frequency hopping, 
pulse compression, full phased array antenna beam 
formation and steering (for both transmitting and 

receiving), and new processes called sub-band fil-
tering and CCD-implemented correlation detection, 
to combat any jamming, interference, or spoofing 
that might be encountered.  The Checkrote radar 
transmitter power level was planned at 3.2 Mega-
watts pulse rating, or about 350 kilowatts average 
power.  Since no commercial power was available 
at the site, we were also obliged to construct and 
operate a diesel-powered electric plant with fuel 
storage tanks. The site was near the shoreline on an 
island, on an elevated mesa that allowed antenna 
beam steering in elevation as well as azimuth.  The 
contract to design and build the system was 
awarded to our little company in February, 1965, 
and the system was turned on to operate on the first 
of September 1966. 
 

What we didn’t know was that, at the same time we 
would be receiving a request for proposal from the 
Air Force on the Cobra Mist program, and in addi-
tion, that a big company,  International Telephone 
and Telegraph (ITT), had heard good things about 
our work, and was interested in buying our plant 
from our parent,  ACF Industries.  ITT got even 
more interested when they heard we were also 
asked to bid on Cobra Mist.  Thus, very early in 
1966 we became ITT Electro-Physics Laboratory, 

(Continued from page 10) Inc.  Our response to the request for proposal for Co-
bra Mist was very short and terse. Our mercurial (but 
brilliant) boss, Bill Whelan, read through the request 
and called his entire middle management team, Lyon 
(Engineering and Development), Kelso (Research), 
and Gabrilovitch (Finance), to work a 20-hour session 
writing a response, in accord with his own interpreta-
tion: namely that the Cobra Mist radar would never 
successfully detect an aircraft, if built in accordance 
with the Air Force specifications.  
 

The primary fault with the radar was its extremely 
poor spatial resolution, measured in tens of kilometers, 
owing to the limited antenna aperture and  low operat-
ing bandwidth, and an inability to operate at night, 
owing to interference to and from other signals.  In 
addition it was very prone to be jammed, perhaps 
overtly, but at least covertly.  Whelan took our twelve-
page analysis and conclusions, and added an offer to 
duplicate the Checkrote radar for the Air Force for a 
price of one-tenth the average bids received on Cobra 
Mist, contingent on the Air Force representatives ac-
quiring security clearances adequate to learn of the 
specifications for Checkrote.  Of course, our proposal 
was returned to us, marked “Non-responsive.” 
 

Not only were we regarded as non-responsive to Air 
Force needs, but we were also barred from ever par-
ticipating in the Cobra Mist program, in any capacity.  
Whelan chortled, but  NRL was chagrined at hearing 
this.  Their engineers had developed a working rela-
tionship with ours, and they were actively trying to 
acquire the clearances needed to learn about Check-
rote, beyond the rumors that were rampant at the time, 
based in small part by our successes with earlier radar 
programs like Earthling,  Chapel Bell (our missile-
launch-detecting radar located at Muirkirk, MD) and 
VEDEE.  VEDEE was a shortwave communications 
system for allowing submarines to send messages to a 
special OTH radar system designed for clandestine 
signaling, in such a way that the submarine’s signals 
could not be intercepted.  VEDEE had its start based 
on a casual comment to Bill Whelan  by Stanford’s 
Oswald (Mike) Villard on his visit to our Muirkirk, 
MD, radar site.  He remarked on the inherent security 
of a shortwave noise-modulated signaling technique 
we had been using to collect daily reports from our 
field engineer located at Cape Canaveral, Florida, who 
worked on our research in missile launch detection 
and tracking.  Whelan immediately recognized the 
potential value of this security characteristic, and told 
Bill Thaler, our sponsor at the Office of Naval Re-

(Continued on page 12) 

Interior of transmitter hall at Cobra Mist site during 
tear-down in 1971. 
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search (ONR) about it. Thaler lost no time obtaining 
funding from the Navy’s nuclear submarine devel-
opment group (called Special Projects), and the Vil-
lard’s Disclosure project was born, renamed VE-
DEE, for short.  This was yet another highly classi-
fied program that NRL wanted dearly to learn more 
about, for it was in their general area of interest. 
 

Meantime, RCA struggled with nagging engineering 
details of the Cobra Mist radar development, and by 
1968 had the Orford Ness site looking nearly fin-
ished, except for persistent breakage of the Nu-
plaglas tension members and arc-overs in the an-
tenna. This antenna was quite large, comprising 18 
complete log-periodic dipole arrays (LPDAs), them-
selves placed in a circular array.  In this array-of-
arrays, only six of the LPDAs are used at a time, 
switched in to allow aiming the resultant beam, 
about 15 to 20 degrees wide(!) in azimuth.  Both 
horizontally-polarized and vertically polarized ele-
ments comprised each LPDA, allowing some sem-
blance of vertical beam steering.  But the Cobra 
Mist system had far more problems than the nagging 
guy-line collapses, arc-overs and corona issues in 
the antenna; the radar never developed the calcu-
lated level of Doppler-isolated aircraft echoes, and 
suffered for its entire short life fighting what was 
described as “clutter-related noise.” The appelation 
granted by MITRE of “most powerful” OTH radar 
ever was not quite reached, either, and Cobra Mist 
struggled to produce 3 Megawatts of pulse power, 
almost  reaching that of Checkrote, and it never ac-
tually detected aircraft echoes.  Its other descriptor 
by the experts at MITRE, “…most sophisticated 
OTH radar ever seen…”  must have referred to its 
unique analog-to-digital converter, which rendered 
the output of the receivers in 18-bit words at about 
30 kilo-samples per second, theoretically allowing  
recovery of 100 decibels of receiver output dynamic 
range,  considered almost impossible in the mid-to-
late 1960s. 
 

However, it being the 1960s when the design be-
came “frozen,”, there was no further sophisticated 
digital processing available downstream of the con-
version to digital.  The analog-to-digital conversion 
process was followed by re-conversion to analog, 
then by analog Doppler-frequency filtering, so that 
the conversion to digital form was apparently only 
to allow tape recording of the full receiver output, 
which was dominated by the “clutter-related noise.”  
Scientists who examined the processes RCA fol-

(Continued from page 11) 

lowed thought that the cutting-edge analog-to-digital 
conversion process was likely to introduce transients, 
or self-noise, with each conversion. The data collec-
tion and analysis of the Cobra Mist “clutter-related 
noise” woes continued by hand-picked  British/
American teams until the system was torn down and 
disposed of in late 1971. The detailed analysis by the 
Edwin Key Group at MITRE started after the tear-
down, which means that their conclusions could not 
be checked or refined.  MITRE’s final speculation 
was that Cobra Mist was plagued by a subtle enemy 
jamming practice that had its origins in a classified 
program called VEDEE, which they could not verify, 
as they had no security access to that program, except 
that it had something to do with, and was named af-
ter,  a professor at Stanford named Villard.  Wow, talk 
about your conspiracy theories! 
 

Of course, MITRE’s analysis report was classified 
heavily (“Secret NoForn”) by its sponsor, ARPA’s 
Alvin Van Every, who was one of the highly selective 
OTH radar supporters who had become embittered 
by the apparent success of research programs not 
sponsored by ARPA. The MITRE report, published in 
ARPA’s  Journal of Defense Research (JDR), was 
abruptly declassified 1n 1991 upon demand by a curi-
ous UFOlogist who was armed with a Freedom of 
Information Act (FOIA) request.  When the  FOIA 
request promptly succeeded, he put the declassified 
report on the web, adding his own slant, as an anno-
tated copyrighted PDF piece.  As a declassified gov-
ernment document, however, the MITRE report, 
without the UFO annotations, is in the public domain, 
and publicly available.  
NNNN 

The Checkrote phased array transmitting/
receiving antenna, viewed from ground level. 
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During the “Golden Age of Radio,” from the late 
1930s through the 1940s, families crowded around 
the family radio to hear the world news, the weather 
forecast, the sports results, and then the favorite en-
tertainment programs, perhaps enlivened by some 
debate championships in order to select which, of 
several, sometimes, of the entertainment programs it 
would be this particular evening.  Some fortunate 
families had more than one radio, and so this routine 
might take place in duplicate, with kids arguing for a 
particular favorite on the “upstairs set and the adults 
“discussing” which adult program would be heard 
this evening in the parlor. 
 
But, on a summer’s evening, all might come to 
naught, should there be a local thunderstorm.  First 
sign might be the family dog beginning to cower and 
look aft with quick glances, perhaps getting under-
foot repeatedly, or hanging close to his favorite closet 
for comfort.  Then the radio starts its scratchy bursts, 
somewhat off in the distance, but definitely disturb-
ing the smooth flow of talk by the commentator.  
Then, the scratchy noises begin to get louder, and you 
notice each is followed, in perhaps ten to twenty sec-
onds, by soft rumbles which are not coming from the 
radio, but from outside, somewhere.  Then it begins 
to darken outside, and the sun is now behind black 
clouds in the western sky. The radio is now produc-
ing crash static so often that the commentary is unin-
telligible, and so Dad snaps it off, and all sit around 
and wait out the thunderstorm, while Mom lights a 
couple candles, for the almost certain power failure 
that will soon strike. 
 
And you, as a teen-ager, are miffed that you’ll miss 
the key episode of Tom Mix, as he was about to 
spring his trap against the Draper gang bank-robbers, 
and here it is Friday, and you won’t know what hap-
pened until Monday evening! Dang!  Why do we not 
have FM, and why aren’t these programs on FM, 
anyhow? And does Pittsburgh even have any FM sta-
tions on the air, and how does FM stop the darned 
lightning crashes, anyhow?  And finally, why do we 
have to have lightning in the first place? You ask 
your dad, and he says something like, “Well, the 
lightning was far worse when I was younger; it’s 
practically nothing these days!” As if that would 
help. And then, for good measure, my dad would add, 
“You know that each lightning stroke makes about a 
half-pound of pure nitrate fertilizer out of the air, 
don’t you?”  

 
Thunderstorm-caused noise on AM radio is a per-
fectly natural phenomenon, understood as to its cause 
almost from the first radio signaling experiment near 
the end of the 19th century.  Indeed, the first radio 
signals were produced by men trying to imitate light-
ning with their high-voltage spark-generating coils. 
The electrical spark generated signals on a continuum 
of frequencies, mostly set by the length of the spark 
and the shapes and sizes of the electrical conductors 
that make up the spark’s circuit.  In a discharge of the 
millions of volts that constitute a lightning stroke 
which might be several thousand feet in length, the 
frequency band of the radio-signal produced can ex-
tend from a few thousand Hz to well over 20 million 
Hz,, established by the bends and kinks in the bolt of 
plasma constituting the electrical spark, itself, and its 
overall length, since the lightning bolt, itself, is its 
own antenna.  Lightning bolts that are from cloud to 
ground produce mostly vertically-polarized radio 
noise, since the “antenna” is generally vertical, while 
cloud-to-cloud lightning bolts produce a considerable 
amount of horizontally-polarized signal.  Such  
largely-horizontal lightning bolts’ emissions of noise 
tend to propagate to distant places, by ionospheric 
bounce(s), and are not as likely to make powerful 
crash-static in the nearby region.  But these lightning 
bolts (cloud-to-cloud) also produce what are called 
“whistler” waves in the VLF bands, mournful falling-
note whistles or sighs, audible on VLF receivers.  
These “whistlers” are useful, in that they help keep 
the excess ionization of the Van Allen belts under 
control (and able to be traversed safely by astronauts 
and satellites), each “whistle” nudging high-energy 
electrons or protons spiraling along magnetic field 
lines in the Belt to their demise in the north or south 
auroral zone. So, it would appear that cloud-to-cloud 
strokes are good for us, while cloud-to-ground bolts 
are the nasty culprits that short out our power lines, 
smash down giant trees, and start fires in the dry 
states.   Trouble is that most thunderstorms have 
some of each. 
 
Although the crash heard in an AM radio when a lo-
cal lightnng stroke occurs is unmistakable, what does 
the almost continuum of lightnng strokes over a con-
tinent like South America sound like on that same 
radio up here, say, in Washington?  That’s the ragged 
hiss heard as a relatively steady background, sound-
ing much like the tires of a car driving down a wet 
rainy street.  The flashes over a continent that size on 

LIGHTNING AND RADIO “STATIC” PART 1 
BY ED LYON 
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one of their summer evenings amount to several hun-
dred per second and their radio noise burst travel 
times (to get to a given Washington radio’s antenna) 
vary from about 0.02 second to perhaps 0.10 second, 
so that they overlap in time and form a nearly con-
tinuous background, occasionally punctuated by a 
nearer discharge that does make a definite crashing 
sound.  
 
Lightning has fascinated mankind for centuries, and 
in recent years scientists brought satellites to bear in 
trying to learn more about lightning, its causes, and 
its effects.  In the late 1990s, Japan launched a satel-
lite that mapped thunderstorms in a belt around the 
earth from 35 degrees north latitude to 35 degrees 
south latitude.  That excludes areas in the US north 
of the Carolinas and most all of Europe, but includes 
most of the world’s major thunderstorm areas.  Rid-
ing along on the satellite’s back (actually on its belly) 
was an added device, made by Huntsville, Alabama 
scientists, called LIS, for Lightning Imaging Sensor.  
This was a simple staring camera with a wide-angle 
lens aimed straight downward, and a CCD array 
(instead of film), with a simple timer and memory 
that stored the accumulating flash images until 
downloaded to ground stations.  Fig. 1 shows a strip 
Mercator map of most of the earth with the accumu-
lated LIS flash-images superimposed, indicating the 
integration of lightning activity over a whole season.  
The season turns out to be winter:  December 1997, 
January 1998, and February 1998, the quietest thun-
derstorm period for the US, and so most of the light-
ning strokes seen over the US are in the southern 
states, in this image.  But note that South America, 

 

sub-Saharan Africa, and Australia, then in summer-
time, are covered with lightning activity in this im-
age.  And their radio noise is easily transported 
north to our radios, by ionospheric signal propaga-
tion, in the shortwave bands, and by surface wave 
propagation over oceanic paths to our coastal areas, 
at lower frequencies.  Remember, though, that Kan-
sas, for example, is quiet in Wintertime insofar as 
local storms are concerned, but still hears the muted 
hiss of a thousand distant overlapping lightning 
strokes, and occasional crash of a huge bolt, propa-
gated ionospherically from South America, Africa, 
and Australia. 
 
It is interesting that very little lightning occurs over 
the open oceans, except where the prevailing winds 
carry some storm clouds over from the continental 
area just up-wind of the coastline.  The reason for 
low lightning activity over the oceans is the huge 
effect of the water in mediating the temperatures 
variations there, thus stopping the sudden heating of 
cloud forms from the solar-heated land ares, which 
causes vertical winds that rise abruptly, charging the 
clouds electrically by friction with the air and each 
other.  It is the vertical component of thermally-
activated winds that cause the huge voltage gradi-
ents in the clouds, bringing on the discharges of 
lightning.   
 
Part 2  will be featured in the September issue of 
Radio Age. 
 

Mercator map of most of the earth, with LIS flashes accumulated over a winter (in USA) period. 



Radio Age  July 2019         RadioFallFest-2019-October 20         page 15 

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:  Person who bought a 
Knight-Kit T-60 60-watt AM-CW 
Transmitter at RadioWinterFest-
2018.  I have found the manual, 
marked up by whoever built it, 
with some component value 
changes and other helpful notes. 
Please contact me, Vic Velelli, at 
vele.vic46@gmail.com  
 
WANTED: 
Wanted: Audio magazine January 
1987, any condition. Cash paid. 
John Okolowicz, (215) 542-1597, 
john@grillecloth.com.  
 
Wanted:  Any info on Hickok TS 
or Stark Teaching Systems (TS) 
Model 435 Low Voltage Power 
Supply.  Thanks. 
M a r v i n  M o s s 
<mmoss@mindspring.com> 

For SALE: 
Many consoles and battery sets-
from the collection of the late 
Clay Seidel, Collingswood, NJ.. 
Included is a rare and exquisite 
Music Master (Ware) Model 460, 
in working condition, rotating 
loop antenna and all. 
Joe Murphy, home phone1-856-
228-0585; Or: 1-304-456-3473 
 
Wanted: 
1939-vintage Japanese radio tube, 
type UZ12C in working condition.  
Ed Lyon, address/phone/e-mail 
listed on page 2. 
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MAARC Your Calendar! 
 

Sun., July 21 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions.  Tailgating at 10:30, 
meeting at 1:00 pm. Program: Randy Warren, Tone arms 
for turntables. Display table: Smallest wood radio iyou own. 

 

Sun., August 18 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions.  Tailgating at 
10:30am,  meeting at 1:00 pm. Program: Proximity Fuze 
History, by a panel of  Nick Dodson, Dom Giglio, George 
Lemaster, and Ed Lyon. 

 

Sun., September 15 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions.  Tailgating at 10:30, 
meeting at 1:00 pm. Program: TBD Display: Pre 1927 
Superhets. 

Sun., October 20 RadioFallFest-2019 at the Davidsonville site, as usual. 
Map on p.2.  This is a free meet.  Tailgating starts at 0900. 
Auction about noon, depending on weather. Food 
available from Boy Scout Troop. 
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