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SUPERREGENERATION 
(THE ONE-TUBE WONDER) 

BY ED LYON 
There is no solid proof that Major E. Howard Armstrong was the inventor of regeneration, nor of the superhetero-
dyne, but he is on much more solid ground as inventor of superregeneration. It was a flop, however, in the AM 
broadcast band, causing harmful interference, and not able to be optimized, simultaneously, in circuit gain and 

ability to make the pulse-modulation of the received signal inaudible. But at HF and above, it fared well. 

DURING the spring of 1945, it was becoming 
clear to us in high school that the war in 
Europe was coming to a climactic ending. 

Little was now being held back in the newspapers, 
mainly because the news was generally all favorable 
to the Allies. Germany's last surge in the Battle of the 
Bulge had ended in terrific losses in her men and 
materiel, and it was apparent that the Axis had no fuel 
left to operate a Luftwaffe or a Navy. Already, war 
surplus material was becoming available in mail-
order houses in New York and certain Midwest cities, 
and bits and pieces of modern electronics began 
showing up at Panek's Radio shop in my high school 
town of Ambridge, PA. These included miniature 
tubes and sockets, mica capacitors, transformers, and 
metal chassis blanks. In addition, he often had 
cabinets and chassis from military equipment that had 
become surplus, sometimes partially wired, but 
usually completely punched and drilled, but unwired. 
Clearly these chassis were leftovers from canceled or 
truncated contracts. Since I had puttered around his 
shop during lunch hours for almost a year, he let me 
in on some of these items, mainly when he had no 

idea what they were, and when he had heaps of 
them. 

One of these little kits consisted of an acorn tube 
and its socket, on a little bracket. These were triode 
tubes, type 955, and the socket was ceramic, already 
mounted on little L-shaped squares of sheet metal. 
Some of these assemblies had rigid silver-plated 
wire hairpin loops mounted on them, with a button-
type ceramic capacitor on one end, and with a small 
RF choke connected to the center of the hairpin. I 
got two of these hairpin-equipped units, which were 
identical to one another; they resembled miniature 
versions of a VHF power oscillator I had seen at a 
recent Westinghouse Science Fair display at 
Pittsburgh's Buhl Planetarium. I plugged a 955 
tube into each of these and connected the heater 
pins to the bottom three cells of our Delco 16-cell 
battery in the basement, getting a satisfying glow 
from the 955 tube. The grid pin of the acorn socket 
was connected to the ceramic capacitor whose other 
end was rigidly attached to the hairpin. There was a 

(Continued on page 3) 
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(Continued from page 1) 
0.1 Megohm resistor connected to the grid pin, as 
well, and its other end was just connected to a 
standoff insulator, and left floating. I grounded it to 
the L-bracket "chassis" at that point, and saw that the 
cathode pin was also grounded. Looked like a smoke 
test was next, so I hooked the plate choke end to the 
full 32 volts available, and the ground to the bottom-
most cell negative terminal. No smoke. 

I thought I had a way of knowing if it was doing 
anything. I suspected it might be oscillating, and 
probably at well over a hundred MHz, but needed to 
be sure. My trusty 1936-style volt-ohm-milliameter 
was there, and I tried to measure the voltage that any 
oscillation would have developed in the 0.1 -Meg grid 
resistor, but it read zero. Probably, my meter was far 
too insensitive. So, at the time, I just didn't know 
whether this was an oscillator or not. Panek to the 
rescue. I dropped into Panek's shop at lunchtime the 
next day and told him what I had done with one of 
the acorn assemblies. He dug out some old hand-
copied versions of what he had seen in recent QST 
magazine articles on VHF and UHF (where he had 
always claimed the entire future of radio was 
headed), and showed me a schematic of an oscillator, 
using a 6J6 triode, with large hairpin loop connecting 
its plate to a grid-blocking capacitor (like my button 
ceramic!), thence to the grid. There the author had 
switched a 1-Meg resistor from the grid to either 
ground or B+. When switched to ground, the unit 
oscillated continuously, and was basically a tiny 
transmitter. But when switched to B+, it cycled back 
and forth between non-oscillating and oscillating, at 
up to 100,000 times a second, depending on the sizes 
of the grid capacitor and the grid resistor. The 
oscillating-to non-oscillating period, in seconds, was 
approximately equal to the product of the grid-leak 
resistance and capacitance. So, for a 0.1-Meg resistor 
and a 50-uuF capacitor (I was guessing the 
capacitance of my button ceramic) the period would 
be 5 microseconds. Panek's notes called this the 
"quench" period, whose reciprocal, 200 kHz, would 
be the quench frequency. 

"Quench?" Where had I heard that word, in relation 
to radio work? Suddenly I remembered, from reading 
about Armstrong's inventions; this was 
superregeneration! All it takes, apparently, to change 
a circuit from a transmitter to a superregenerative 
receiver on the same frequency is to switch that grid 
leak resistor from ground to B+. Of course if you 
want more than peanut-whistle power from the 
transmitter, you should also reduce the ohmage of the 

Figure 1. My 1945 two-tube transceiver, eventually 
using a three-pole double-throw transmit-receive 
switch, as shown. 

grid leak when it is grounded (transmitting condition) 
[1]. With two of these acorn assemblies, I had the 
makings of a pair of transceivers, and could, perhaps, 
communicate over short distances. But to voice-
modulate the oscillator signal when in the transmit 
condition, I would need some amplification for a 
microphone, or resort to Morse keying. If I used 
voice, the needed amplifier could double as an audio 
output amplifier on receiving, as well. Sounded like a 
plan. 

Mr. Panek had hand-copied a schematic diagram of a 
similar transceiver, taken from a 1939 Radio News 
magazine article. This diagram called for types 76 
and 41 tubes with a small 4-turn coil for the tuned 
circuit, which operated in the 112-MHz ham band. 

(Continued on page 4) 
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(Continued from page 3) 
My hairpin-loop coils and acorn tubes, in 
comparison, looked like they would operate at some 
frequency well up in the 300 MHz region. I didn't 
like some features of the schematic he showed me; it 
called for a carbon mike and its transformer directly 
modulating B+ to the oscillator, thus using the type 
41 amplifier tube only for receiving. I thought I 
should engage the amplifier tube for transmitting 
(getting more robust modulation) as well as for 
receiving. I also intended to use a small loudspeaker 
for receiving and (as a mike) for transmitting, making 
the pair of units a wireless intercom, in effect. My 
schematic, recently redrawn in adult format (rather 
than in high-school terminology) is shown as Fig. 1. 

That wireless intercom worked rather meekly on the 
available 32 volt supply. I had set it up in two 
aluminum boxes, also obtained from Panek's pile of 
surplus military gear. These boxes, I learned much 
more recently, were to have been AN/ARN-5 glide-
slope receivers made by Western Electric, and were 
to have been used in B-29 and C-97 aircraft. I put 
one intercom unit in the basement, operated from 6 
volts (A) and 32 volts (B), obtained from proper taps 
on the 32-volt battery bank, but the second unit, in 
the kitchen upstairs, had to operate on 32 volts alone, 
as there was no easy way to get the needed 6-volt line 
up there. I used a pair of 2-watt 270-ohm resistors in 
parallel to drop the 32 volts down to 12 volts for the 
two 955 acorn tubes' heaters, wired in series. I 
eventually moved this unit out to the barn, mainly 
because nobody would use it in the kitchen — it made 
a sizzling sound when nobody was calling it from the 
other unit in the basement, and the constant hissing 
reminded my mother of something frying, so she 
couldn't relax with the cooking sounds going on. If I 
had been more resourceful, I could have added a 
squelch circuit to quiet it when no signal was being 
received. In 1947 we "got power," and I quickly 
converted the intercom to operate on the power line, 
using junk-box power transformers, rectifier tubes, 
and capacitors. With 150 volts B+ and 6.3 volts a-c 
on the heaters, these units worked quite well, if you 
could stand the idle-time hissing sound (I still hadn't 
discovered squelch). A year later I went off to 
college in Cleveland, and my parents moved into 
town, having lost their farm hand, and the intercom 
disappeared. 

In college, my work in the Radio Engineering Lab 
got me re-acquainted with electronics 
experimentation, and an early job was to set up 

experiments for basic EE students and Radio 
Engineering lab experiments as well. Many of these 
dealt with UHF setups, most of them fed from a 700 
MHz magnetron-equipped oscillator. Many 
superregenerative receiver circuits were constructed 
and used as detectors, measuring propagation losses, 
heterodyning frequencies, and listening to the audio 
channel on Cleveland's first TV station, WEWS, 
channel 5. A little later, perhaps in 1949, the NBC 
station WNBK opened for business, giving us a 
second audio source. Many of these 
superregenerative detectors used the same acorn tube 
arrangement I had started with back in 1945, but with 
simple plug-in coils, and a separate quench oscillator, 
for convenience. 

Superregeneration — What it is: 

When Major Armstrong devised his regeneration 
circuit, it was a simple RF amplifier that obtained 
very high amplification when he controlled the 
amount of output signal fed back to boost the input 
signal. Too little feedback, and it was a standard RF 
amplifier, which in those days, fetched perhaps 
threefold gain, maybe a little more, usually a little 
less. But with too much feedback, the circuit 
oscillated, or made its own input signal, completely 
ignoring the signal being tuned-in. Indeed, it usually 
fed some of this freshly-made signal out into the 
antenna, telling the neighborhood that your set was 
oscillating. If the affected neighbor was upstairs, 
banging on his/her floor started, and you quickly 
reduced the feedback, until the howl stopped. 
Properly adjusted, it was a sensitive receiver circuit. 
But it could be affected by a person's body 
capacitance, by the wind swaying the antenna wire, 
or by the drying of the laundry, which mother hung 
on that antenna wire. What Armstrong needed was a 
stable, easily adjusted, but sensitive circuit. 

The regenerative detector obtained its peak 
sensitivity just shy of the feedback adjustment at 
which it broke into oscillation. Armstrong figured 
that he might be able to let it go ahead and oscillate, 
and as soon as oscillation started, back off the 
feedback, then advance it again, and so on, at a very 
high rate, alternating between high feedback and no 
feedback, perhaps ten or twenty thousand times a 
second. He reasoned that the average amplification 
would be quite high, and that no adjustments would 
ever be needed. At that super-audible alternation 
rate, nobody would hear the howl, with the exception 
of Rover. So he set up his regenerative circuit, with 

(Continued on page 5) 
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(Continued from page 4) 
full feedback, and then introduced a second oscillator 
running at a super-audible rate, like 15 kHz, and used 
its output to vary the feedback or gain of the 
regenerative circuit. And it worked; he called it a 
super-audible regenerative detector, which was 
quickly renamed the superregenerative detector, 
paralleling the renaming of his super-audible 
heterodyne circuit. It formed the most sensitive 
detector anyone could have imagined, but on the 
down-side, it radiated tremendous signals all over the 
neighborhood, and if there were several of these 
superregenerative detectors around, their quench 
frequencies mixed, making squeals and howls that 
were worse that those heard with misadjusted 
regenerative detectors. 

Superregenerative detectors need to be quenched, that 
is, they need to be alternated between oscillating and 
non-oscillating, all the time. There is an optimum 
quench rate or frequency. It is between one 
hundredth and one thousandth of the expected input 
frequency (0.1%). Thus, a broadcast-band 
superregenerative detector should be quenched about 
1000 to 10,000 times per second, which is definitely 
not super-audible. Armstrong ran his at about 15,000 
to 20,000 Hz, barely super-audible, which was far 
from its most sensitive point. At the time, during the 
1920s, broadcasting was all the rage, and at 
broadcasting frequencies superregeneration as a 
cheap way to get high amplification was not 
practical, especially with its re-radiation interference 
baggage. But VHF and UHF were coming. 

During the 1940s, and into the wartime period, the 
superregenerative detector found use again, this time 
on operating frequencies that were extremely high for 
the time. Superhets could be devised for these VHF 
and UHF signals, but the required stability, both that 
of the transmitted signal and the receiver local 
oscillator, was so high that it made the UHF superhet 
(and its companion transmitter) a very expensive pair 
of items. For example, if affordable 300-MHz 
oscillators (one for the transmitter and one for the 
receiver's local heterodyne injection) could be made 
having 0.1 percent drift, that much drift could result 
in the transmit signal wandering up to 600 kHz away 
from the receiver's set frequency. Superhets might 
be ok for fixed and vehicular/airborne 
communications equipment (especially with crystal 
control) and radar sets, but for the many small hand-
held, back-pack, and unattended devices that needed 
to cooperate with the communicators and the radar 

Figure 2. Hewlett-Packard Model 417A VHF super-

regenerative detector and dandy signal tracer. 

sets, the superregenerative detector found its home. 
The real advantage of this circuit, in small devices 
similar to my old transceiver, or wireless intercom, is 
that slight frequency drift is of small consequence, 
and the system still works despite the sending and 
receiving sets drifting away from each other in 
frequency; the sensitivity to the desired signal just 
diminishes with mutual drift. 

Some Superregenerative Detectors You Might 
Find: 

Back in college, we determined the operating 
frequency of a VHF or UHF oscillator through the 
use of a calibrated receiver, when one that was 
capable of receiving the oscillator signal was handy — 
which wasn't too often. Instead, we had a fixed set 
of lecher lines running the length of a small lab off to 
the side of the main laboratory room. Lecher lines 
are simply parallel wires, spaced perhaps one to two 
inches apart, stretched tightly (with springs at one 
end), and running the length of the room, perhaps 20 
feet. The oscillator of unknown UHF or VHF 
frequency would be loosely coupled to this line, and 
a small neon bulb, like a NE-2, would be hung across 
the line by soldering small hooks to its leads. It 
would be slid along the line until it lit brightly, then 
moved along until it extinguished, then lit brightly 

(Continued on page 6) 
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(Continued from page 5) 
again when moved farther along the line. 
The distance between bright spots along the 
line was a half-wavelength, which, if 
measured in meters, could be divided into 
300 to get the frequency in MHz. Then, in 
1953 Hewlett Packard marketed the Model 
417A VHF-UHF detector, intended to work 
with their Model 803 VHF bridge, but a 
sensitive RF detector in its own right.. 
Allowing a small amount of the unknown 
oscillator signal to enter this unit, via its 
input connector, would allow tuning of the 
unit until the unknown oscillator signal was 
heard loudly. The tuning control on the 
417A would be rocked back and forth for 
maximum response, and the frequency 
would be read directly from the tuning scale. 
Fig. 2 shows this unit. It contained a 
superregenerative detector, using a "pencil" 
triode and separate quench oscillator. The 
overall frequency range over which it 
operated ran from 10 MHz to 500 MHz, in 
five bands, each employing a different coil. 
The highest-frequency band, 205 MHz-to-500 MHz, 
uses a parallel pair of rigid lines, not unlike my old 
hairpin tuner of 1945. These VHF-UHF detectors 
make handy quick-tuning receivers for sniffing out 
signals within their range of frequencies. Overall 
sensitivity on all bands is about 5 microvolts, and the 
input can be connected to a small whip or dipole 
antenna. It is very handy for finding radio local-
oscillator troubles in servicing FM and shortwave 
sets. 

During the second World War, there arose a very 
sudden need for devices later called IFF sets. Here, 
IFF stands for Identification of Friend or Foe. This is 
a device that broadcasts a recognizable signal to any 
radar that interrogates it with a specified signal code. 
Both the interrogating signal code and the response 
code are changed regularly, perhaps once daily. In 
this way, radars seeking enemy planes would not 
report a friendly plane as threatening if that plane's 
radar echo was accompanied by a proper IFF signal 
code, also clearly seen on the radar operator's scope. 
All allied radars operated at VHF, UHF, and 
microwaves, and all worked with IFF sets that 
employed UHF or VHF superregenerative detector-
retransmitters. In these circuits, the 
superregenerative detector listens for an interrogating 
signal at all times. On receipt of one, its pulse pattern 
is passed through a filter set for the day's code, and if 
it survived that code test, the superregenerative 
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Figure 3. Navy type BR beacon/'transponder, used to identify 

landing troops, boats, and vehicles as friendly, using a su-
perregenerative detector that becomes a transmitter when 
interrogated by a radar. 

detector would be readily converted to a transmitter 
by simply changing the grid bias [remember the 
acorn-tube unit way back on the first page of this 
story?]. At this point a series of pulses would be 
transmitted, set by the daily code, informing the 
interrogating radar that this is a friendly aircraft. The 
code pulse pattern would show up on the radar set's 
display as a series of bright and dark spots next to the 
echo of the aircraft. Voice communication with the 
plane's operator could then confirm identification of 
the aircraft, if that was the routine for the day or 
mission. 

The Navy issued a unit known as BR for just such 
purpose. It was carried on all amphibious landings 
by the US Marines and was planted on the beach, 
informing radar-equipped aircraft and ships offshore 
that these were friendly troops down here, and not to 
shoot, please. The BR unit had a distinctive 
broadband, omnidirectional antenna, and used 
parallel lines as tuned elements. The oscillator tube 
was a Western Electric doorknob tube, type 703A, 
and a diode (type 9005 acorn) was used as the pulse 
detector of the superregenerative stage's output. A 
separate type 1201 (7E5) loctal tube was used as 
quench oscillator. Many BR units were made by 
Harvey Radio Labs in Cambridge, Mass., and they 
can still be found in flea markets from time to time. 
One is shown in Fig. 3. Several other very similar 
beacon-type transceivers or responders were 
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(Continued from page 6) 
developed in the war for similar purposes; most all 
were superregenerative on receive. 

Figure 4. ABA-1 IFF unit, top cover removed. 

For airborne use, there were separate series of IFF 
units adopted by each service, and some sort of 
uniformity was desired, to reduce the number of 
friendly-fire incidents. When the AN-system 
evolved, the ABA-1 IFF set, developed originally by 
Western Electric and Hazeltine, was ordered for all 
services, and GE did much of the production of this 
set. It used parallel-line resonators and a Western 
Electric 316A doorknob tube as superregenerative 
detector/oscillator. Like the Navy's BR unit, it had a 
Mycalex vane that could be inserted between the 
tuning lines to change the operating frequency by a 
known amount. This vane was snapped into position 
by a relay-type actuator, as required by the 
interrogating code. Like most of the airborne IFF 
units carried during the war, these APX-6 devices 
were equipped with an array of small explosive 
squibs which could be detonated electrically, either by 
a pilot's switch or by an inertia switch. In this way a 
crash landing (or prior to a pilot's bail-out, his flip of 

the Destruct switch) would destroy critical parts of 
the IFF set, and thereby deny recovery of the codes or 
circuit details by enemy troops. These destroyers 
were located in strategic positions to burn or mangle 
nearby circuit components, and some of these were 
the RF components. Realignment, of course had to 
be done with all the operational stray capacitances in 
place, and that included these destroyers. Fig. 4 
shows an ABA-1 made by GE. 

In the early days of high-band FM broadcasting ( 1948 
-50), Heathkit marketed a small FM tuner, able to 
feed any audio system (or receiver with a "phono" 
input jack) with FM broadcast program material. 
This was their Model FM- 1. It contained a total of 
two tubes, one of which was used as a power supply 
rectifier. With the remaining tube, a type 14F8, Heath 
tuned in, amplified, and detected the FM signal, and 
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Figure 5. Heath kit ad for FM-1 tuner 

(Continued on page 8) 

FOR THE RECORD 

The May 2012 MAARC meeting was held, as usual, at the Davidsonville Family Recreation Center, in very 
nice weather, allowing a brisk tailgating activity before the meeting. We had a well-represented Show-'n'-Tell 
and interesting program, followed by an auction that brought in about $70 for the treasury. The mood was sub-
dued because of the news that our former master-collector and friend, Paul Farmer, had just passed away. 
Obituary notice on page 14, this issue. 

The June meeting takes the form of RadioActivity 2012 this year, and will be held a few days after this issue 
goes to press. The MAARC 1987 First Annual Meet Quilt will be on display at this convention, celebrating the 
quilt's 25th year. MAARC's directors are looking for suggestions on how to display the artifact safely and in 
good taste. Forward any suggestions to Steve Hansman, contact info on page 2. 
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(Continued from page 7) 
fed the audio output to the user-supplied audio system 
and speaker. Here, superregeneration was used, along 
with a superheterodyne system, despite which Major 
Armstrong thought the circuit was an abomination, 
because it "cheapened" FM. In the Heathkit FM- 1, a 
conventional triode local oscillator operates 21.75 
MHz above the desired FM input signal. The mixer 
stage, another triode, then operates as a 
superregenerative detector, the oscillations being at 
21.75 MHz, and the quench frequency set high 
enough that the resultant audio is relatively hi-fi in 
quality. The audio comes from slope detection of the 
frequency-modulated 21.75-MHz signal. The result 
was a net plate current that varied with signal 
frequency within the FM channel, but which varied 
only a small amount with the strength of the incoming 
signal [2]. So this one tube served as tuner, amplifier, 
FM detector, and limiter, all at once. The wiring of 
the VHF coils and variable capacitors was recognized 
by Heath as difficult for the rank amateur kit-builder, 
so this part of the set came pre-wired and calibrated. 
Just for completeness in one's FM radio collection, 
the FM-1 is a must for collectors. See Fig. 5 for the 
ad for this unit. In 1949, another radio manufacturer, 
Olympic, was selling an AM-FM radio in a Bakelite 
cabinet, the Model 7-532W (or in white Plaskon as 7-
532V), basically an All-American-5 AM broadcast 
receiver with an added Heathkit FM-1 14F8 stage 
added for those who wanted to hear FM. This curious 
use of the superregenerative circuit plus elements of a 
superhet was unique to FM detection, and was called 
the Fremodyne. In fact, the original spelling was Fre-
Mo-dyne, emphasizing the fact that it was intended 
for Frequency Modulation. Fig. 6 shows this 
Olympic radio. 

Other factory radios that used superregenerative 
detectors include the Howard Model 474 and the 
Meck FM Converter. The Howard is a full radio, 
while the Meck is designed to feed a "phono input" of 
another radio. The Meck was housed in the same 
Meck cabinet as an earlier Mech miniature AA5. 
Some years ago, in a discussion of IFF circuits, Hank 
Olson told me that Gilfillan also made a 
superregenerative set. On searching through Rider's 
manuals in the Gilfillan sections, I found an AM-FM 
radio with virtually the same schematic as that for the 
Olympic AA5-plus-Fremodyne set, the Gilfillan 
Model 68E The Howard 474 has a similar schematic, 
while the Meck uses only a Fremodyne circuit. 

MAARC member Joe Sousa and his collaborators at 
the Radiomuseum web-based archive, have discov-

Figure 6. Olympic AM-FM set, us ng Fremodyne. 
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ered a patented double-superregenerative detector for 
FM detection, competing with the discriminator and 
the ratio detector. This is a simple replacement of the 
diodes in a standard Armstrong-championed Foster-
Seeley discriminator (often a 6AL5 or 6H6 tube) with 
a pair of superregenerating triodes, one operating at 
the upper channel-edge frequency, the other at the 
bottom edge-frequency. Both of these superregen-
erators are gated by a common quench signal, so that 
the two triodes are synchronized in their oscillating/ 
non-oscillating actions. This FM detector, like the 
Fremodyne, acts as a limiter as well as a very linear 
discriminator. If it is used in a commercial receiver, 
we do not know what model it might be. 

If a radio intended for VHF-UHF band use were your 
objective, and it needed sensitivity, bandwidth, drift-
resistance, and low cost, a superregenerative circuit 
would be difficult to beat. Of course, for practicality 
and friendliness to other listeners, one would have to 
add an isolating RF amplifier stage, and would have 
to do some serious shielding of detector circuit 
components, and this could drive the cost, somewhat. 
Sounds like a good project for our intrepid 
experimenter and past-president of the Meissner 
Global Design Bureau and current president of the 
Oriole Restoration Society, Joe Sousa. 

Endnotes: 
[1] Operating Class C, an amplifier's output power is 
proportional to its grid current, so the higher the grid 
leak resistance the lower the grid current and output 
power. 
[2] The superregenerative detector shows logarithmic 
response to varying input signal amplitude, but linear 
response to frequency offset, thus tending to level out 
amplitude variations like a limiter. 
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STATIC! ...AND EXPERIMENTS TO REDUCE IT 
BY ED LYON 

How the FCC conned the broadcasters to conduct static and interference experiments at broadcasters' expense. 

M ANY early radio researchers thought they 
had a cure for the bane of radio operators, 
static and "disturbances" in radio recep-

tion. Unless the radio listener was very close to the 
broadcasting station, his receiver was vulnerable to 
noise bursts that exceeded the signal strength of the 
broadcast signal sought. The noise bursts were usu-
ally caused by electrical sparks, the ultimate spark, of 
course, being lightning. The researchers ran a sort of 
contest in their quest for the magic circuit that would 
ignore or cancel the emissions from sparks. These 
"fixes" never quite panned out, but took many forms, 
from "balanced" inductively   
-tuned circuits to under-
ground antennas. The prob-
lem facing broadcasters, of 
course, was that their fre-
quency spectrum sat in a 
region in which the emis-
sions from distant lightning 
flashes propagated to great 
distances, and had very high 
energy, producing high sig-
nal strength in the "front-
end" of the receiver. The 
Commerce Department sci-
entists, supporting the FRC 
(later the FCC), and work-
ing in collaboration with the 
International Telecommuni-
cations Union (ITU) tried to 
correlate reasonable reports 
of noise levels sent to them 
by investigators (and hams) 
in the radio business with 
geography, time of day, and 
season of the year. The data 
was sporadic and subjective, 
so that planning of the over-
all spectrum for broadcast-
ers of the future was risky. 

It was not until 1964 that the 
¡TU published their famous 
noise report, usually called 
CCIR-322. While contain-
ing some bold interpolations 
and extrapolations, it served 

with substantial amounts of new noise collection data 
in April 1985. But that's now; in the 1930s, spectrum 
managers had a feel for the atmospheric noise condi-
tions, but only qualitatively. In the 1980s it was a 
quantitative issue, and the revised CCIR report (by 
Spaulding and Washburn) showed how to plan for 
radio noise. Fig. 1 shows the CCIR-322 plot of radio 
noise (mostly spiky burst waveshapes) power as a 
function of listening frequency. The noise power in 
this plot is normalized to the value at 1 MHz, at the 
center of the horizontal scale. The reason for the nor-
malization is that these plots were made (by CCIR 

001 002 005 005 Oci oi 0/ OS OS It I 2 3 S I 10 

Figure 1. Normalized noise 

factor vs. frequency 

well until it was revised 

1 "1T 

••••••••• 

70 50 50 1C IOC 

Frequency (MI /I 

1ar41uui lbs' 141,10 rum/. ootih ffnment r 

(14'mfer, 0000 MOO h 

(Continued on page 11) 

Radio Age • July 2012 RadioFallFest—October 21 page 9 



THIS editor lives in the hills just 
off the Blue Ridge, and in 
wintertime, when the leaves are 

gone, one can see old fire watch towers 
along the top of the ridge. Some of 
these towers were still in use in the 
early 1970s, when we first moved to the 
area, and most had small transmitter/ 
receiver packs in them for 

communications among towers, and for liaison with 
forest rangers on foot. Recently a MAARC member 
wrote asking if I had ever seen type SPF radios in my 
searches for electronics junk, and I had to confess that 
I hadn't, but knew that the US Army used these radios 
in the early part of WW2, before the advent of all the 
Handi-Talkies and Walkie-Talkies that Motorola, 
Link, and others provided. He collected this model 
radio, and it turns out there are several "SPF-like" 
radio models, mostly differing among themselves due 
to the passage of time during their manufacture. The 
Forest Service had been introduced to radio in the 
early 1930s as a forest fire control adjunct, for places 
where no phone lines existed, and that was practically 
everywhere there is dense forest. All through the 
1930s, various radios were adopted, tested, found 
expensive to maintain, and dropped by the Forest 
Service, this cycle repeating several times until finally 
the Model SPF-AE was developed, and manufactured 
by Radio Specialty Manufacturing Co., Portland, OR. 

This model followed several others in a development 
cycle that spanned about four years before WW2. 
When the war started, there was an urgent need for 
tactical communications transceivers, and many SPF 
radios were rushed through the Radio Specialty 
production line to provide some relief for this critical 
need. The radios were quite simple, and used 
ordinary parts like carbon telephone microphones, 
standard earphones from Cannon or Western Electric, 
and octal battery-powered tubes, with the receiver 
using 1N5, 1A7, and 3Q5 types and the transmitter 
taking 1H4, 1J6, and 1F5 types. The operating 
frequency was crystal-controlled, and for forest 

service was usually about 31.6 MHz, but in Army use, 
frequencies from 28 to 40 MHz were used. 
Transmitter output power from the push-pull 1J6 stage 
was only about 2.5 watts, so that operating discipline 
was required to prevent mutual interference among 
users, the received power levels never being very 
great. A handy feature of all these sets is the front-

Lts  

Front pond al SPF AE. 

panel meter, used to tune the stages and to test the 
batteries, by way of a rotary switch. The overloading 
of the Radio Specialty production capacity prompted 
the Canadian Forest Service to seek alternate 
manufacturers, and Canadian Marconi obliged, making 
the Model CS-25A, a near-clone of the SPF-AE. As in 
the US, these radios were snatched up by the Canadian 
Army for use until their needs could be met by official 
purpose-designed transmitters and receivers, so that the 
Forest services of both countries always seemed to be 
short of the needed radios. 

Canadian Marconi clone of SPF transceiver. 

As collectibles, these radios are fairly rare, but are 
usually found in serviceable, but heavily-used, 
condition, meaning that some parts might have been 
substituted for originals, paint will be worn, meter 
faces might have glass missing, and knobs might be 

(Continued on page 14) 
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and Department of Commerce scientists [ 1]) for each 
4-hour block representing times of day and for the 
four seasons, when used with the attendant maps. 
The Fig. 1 ordinate, and the Fig. 2 contour lines, are 
plotted in decibels with respect to the noise factor in 
which the receiving antenna is immersed. The noise 
factor is defined as the product of Boltzmann's con-
stant, the equivalent atmospheric temperature in Kel-
vins, and a unit bandwidth. The equivalent tempera-
ture, of course, is not what a thermometer would 
read, but instead, is the temperature to which the at-
mosphere would have to be raised in order to exhibit 
the same radio noise as is delivered by a standard 
monopole antenna. The ITU published many of these 
plots, along with matching world maps overlaid with 
noise level contours, as in Fig. 2, in CCIR-322. 

Expected values of atmospheric radio noise at 1 MHz, Fan (de above kTab), for 
December. January. February. 0003-0400 hours. 

It is interesting to examine the noise levels in the low 
VHF spectrum, as contrasted with that in the usual 
AM broadcast band, using these relative modern 
tools, which, if they had been available in 1935, 
might have accelerated the introduction of VHF and 
UHF communications. Here's how the CCIR-322 
tools are used: 

An interested radio spectrum planner would get 
the maps (Fig. 2) and normalized noise-vs.-

frequency charts (Fig. 1), and find the location of 
interest for his receiver on one of the maps. Let's 
say he wanted to place a receiving station near 
Washington, DC, which in Fig. 2 is between con-
tours 70 and 75, but very close to 70, so we'll 
call it 71. This represents 71 dB above the stan-
dard reference of - 174 dBm [2], for a net value of 
-103 dBm. This would apply at 1 MHz in winter 
in the post-midnight time slot, for a standardized 
unity-gain antenna. Other maps in CCIR-322 
would be consulted for other seasons and times of 
day. This person would have to refer to many 
such maps, especially if he had a long-term pro-
ject involving scientific signal reception. If the 
researcher had a different antenna design in mind, 
or used a different bandwidth, he could offset the 
contour value by the net decibel difference from 
the published assumed values, and this fudge fac-
tor would be applied to all his further findings. 

To predict the median 
noise level he should 
expect, he would use 
the Fig. 1 plot, matched 
in time slot and season 
with the map he used. 
On Fig. 1, he would 
find the curve closest to 
his Fig. 2 reading (the 
70-dB curve is close to 
his 71 dB) and run 
along that curve until 
he crosses the operating 
frequency, plotted on 
the abscissa. Note that 
if he operates above 
approximately 17 MHz, 
he leaves the solid 
curves, and must follow 
the dash-line curve 
which represents the 
level of galactic noise, 
and not the radio noise 
caused by thunder-
storms. The final resul-
tant noise predicted to 
be encountered by his 
setup would be read off 

the Fig. 1 chart at his 
actual expected operating frequency, adjusted by 
his system's fudge factor. 

The headline news that invariably comes of this noise 
prediction practice is that the higher the operating 
frequency, the lower the "atmospheric" noise, a 
euphemism for lightning-caused static. In the mid 
1930s, Major Armstrong knew this, at least qualita-

(Continued on page 12) 
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(Continued from page 11) 
tively, as did practically everyone working in the 
field. That is why he took FM experimentation up 
into the VHF region above 40 MHz. He had faith in 
the noise suppression capability of wideband FM, but 
wasn't going to run his system down in the usual AM 
broadcast band, where his FM suppression factor 
would be hard-pressed to get more than modest im-
provements over AM. He wanted a dramatic differ-
ence, and besides, for an FM channel he needed more 
spectrum than was generally available in the AM 
band, anyway. So his move to VHF was a sine qua 
non. And he had to be successful, and in a hurry, too, 
for another reason. 

Or reasons; there were several other activities going 
on in his targeted part of the VHF spectrum. We all 
know the bitter struggle Armstrong waged with RCA 
and its president, who had decided that if the public 
was going to have to scrap all those expensive radio 
receivers, they could do it in order to enjoy RCA's 
television, not some marginally-different aural-only 
broadcasting scheme like FM. Another colliding ac-
tivity was also happening within the government. 
The FCC had digested all the spotty but voluminous 
information on noise versus frequency band, and had 
decided to go along with a number of proposed 
broadcasting experiments employing AM in the low 
VHF and upper HF bands, running from 20 MHz to 
perhaps 60 MHz. Both FCC and independent scien-
tists had made measurements at frequencies spanning 
this part of the HF/VHF spectrum, and had found that 
noise actually does diminish to the point that light-
ning-induced noise power falls below that caused by 
extraterrestrial sources, commonly called galactic 
noise, as we now can clearly see from data like Fig 1. 
And all the engineering logic so thoroughly applied in 
the old AM broadcast band, namely, keeping the 
bandwidth down (for the lower the bandwidth, the 
lower the received noise power), went out the win-
dow. The FCC had the idea that current AM broad-
casters could create auxiliary VHF transmitter facili-
ties, pipe their raw wide-bandwidth (hi-fi) program 
material to these VHF transmitters, filter down the 
bandwidth for their ordinary MW broadcast transmit-
ters, and offer the public both the old noise-laden AM 
and a new Hi-Fi VHF AM signal, and let the public 
judge what they wanted to hear. 

So FCC Chairman Lawrence Fly was actually men-
tally comparing Armstrong's FM signal and listening 
quality with what he had heard in demonstrations of 
AM in the VHF band. Armstrong may not have ap-
preciated this, as he always considered the contest as 

FM at VHF versus AM in the 550-1600 kHz band. 
Fly was actually making a more valid comparison, 
since many radio receiver manufacturers were al-
ready producing receivers that could receive short-
wave and low-VHF signals, the so-called "all-wave" 
receivers. The FCC's real question was how these 
signals at VHF, whether AM or FM, would mutually 
interfere due to ionospheric conditions that allowed, 
at times, VHF signals to travel hundreds and thou-
sands of miles, causing interference to other local 
signals on the same assigned frequencies. If FM 
could actually prevent harmful interference between 
two or more FM broadcasters on the same channel 
in some way (Armstrong's signal-capture effect) 
that AM could not, then the way was clear for FM; 
then AM, even at low-VHF (say, 25-45 MHz) was a 
non-starter, during high sunspot-count years. And 
those were predictable, in general, even back in the 
1930s, as shown in Fig. 3, a plot of sunspot numbers 
versus year. 
But the full understanding of FM's apparent capture 
effect, namely, how a strong signal on a given chan-
nel prevented interference from other weaker sig-
nals on the same channel, was embraced by few of 
the engineers of the time, and none of the bureau-
crats. So the experiments involving AM at HF and 
VHF continued. As with Armstrong's VHF FM, 
these experimental setups required very tall anten-
nas, just to allow line-of-sight propagation to rea-
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sonably large listening areas in view of the natural 
curvature of the planet's surface [3]. The good 
news in this tall-antenna science was that no expen-
sive ground-radial system had to be installed as it 
did in the old AM broadcast band. These experi-
mental AM VHF broadcast facilities became known 
as "pinnacle" stations because of their antennas, and 
later (after 1939) were called Apex stations. Oddly 
enough, the FCC almost simultaneously opened 

Radio Age • July 2012 MAARC's web site: www.maarc.org page 12 
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three 20-kHz wide channels in the new extended-AM 
broadcast band, between 1500 and 1600 kHz. Newer 
receivers could tune these signals in, but many older 
sets stopped tuning at 1500 kHz [4]. 

According to the National Association of Broadcast-
ers (NAB) annual Handbook for 1939, the FCC offi-
cially authorized the establishment of "Apex" AM 
experimental broadcast stations operating at "VHF," 
26 MHz to well over 300 MHz, as early as January 
1937, and continued to authorize these stations until 
the end of 1939. True to predictions, the use of such 
high operating frequencies (25-300 MHz) did materi-
ally reduce the noise levels, and the use of tall anten-
nas improved the coverage area, without exciting ver-
tical modes that might cause fading due to multiple-
path interference. By early 1939, FCC-authorized 
frequencies were about 10 to 12 in number, the low-
est being 31.6 MHz, although many other frequencies 
were permitted if the applicant station was already 
equipped to operate on the alternate frequency, and 
no other service was using it. One such example was 
Paul Godley, who applied for permission to operate 
W2XSN on AM at Alpine, NJ, on 41.8 MHz, not one 
of the FCC-anointed frequencies. He would later 
convert this station to FM, in his assistance to Arm-
strong. Many Apex stations operated somewhat be-
low 30 MHz, presumably to reach a greater audience, 
most of which had inexpensive "all-wave" receivers, 
unable to tune above 30 MHz. For example, Charles-
ton, SC had a standard broadcast station, WCHS, 
which applied for and received permission to operate 
their tiny (50 watts) Apex station at 26.1 MHz, well 
within the capabilities of many lower-priced multi-
band radio sets. 

But what was the FCC's full purpose in this 1937-39 
authorization of low-VHF AM service, simultane-
ously supporting Armstrong in his bid for FM in the 
40-50 MHz region? It is plausible that the sudden 
rush by foreign governments, especially in Europe, to 
start broadcasting propaganda toward the western 
hemisphere, and the concurrent rise in sunspot num-
bers, already reaching counts in the area of 100 to 
120, spurred our government to compete, using stan-
dard American radio programs to show the world that 
"all was normal and well over here." The use of ordi-
nary broadcast material, commercials and all, and 
these high shortwave frequencies, would allow low-
loss propagation of the signals into Europe in the eve-
nings (night-time in Europe), and to the rest of the 

western hemisphere most of the day. At the same 
time it would permit the FCC to test the idea that 
VHF may really be unsuitable for broadcasting dur-
ing high sunspot periods, because of mutual station 
interference. Several Apex stations operated on com-
mon frequencies, and they were usually separated by 
several hundreds of miles, and operated at low power. 
The aforementioned WCHS in Charleston, using the 
experimental callsign W8XNO, and running 50 watts, 
competed with WEBC's experimental W9XJL in Su-
perior, Wisconsin, running at 250 watts, both on 26.1 
MHz. That is a long one-ionospheric-hop path most 
of the day, at sunspot numbers above 100. The use of 
Apex stations to field-test the interference between 
common-channel programs originating at such sepa-
ration distances during high sunspot times was of 
high interest to the FCC, and ended up boosting Arm-
strong's thesis that his wideband FM system was not 
affected by it. In contrast, being amplitude-
modulated, Sarnoff's TV broadcasts in the 50 MHz 
region should have been challenged by the results of 
these Apex station experiments, but wasn't. Instead, 
after the interruption of the war, it was Armstrong's 
FM that was booted from the band, and for the al-
leged reason that stations halfway across the country 
from one another, operating on a common channel, 
would suffer damaging mutual interference during 
high sunspot numbers. 

Very little else was accomplished by these AM sta-
tions, and most converted after the war to FM. 

Endnotes 
[1] During WW2, The British Interservices Iono-
spheric Bureau and the American Interservice Radio 
Propagation Laboratory (IRPL) first published pre-
dictions of worldwide radio noise levels based on 
European, North American, and Pacific rim measure-
ments that had started in the late 1930s, and were 
used to help in frequency management in the war. 
[2] The power level of 174 decibels below 1 milliwatt 
per Hz bandwidth represents the basic radio noise 
expected of atoms that are very close to absolute zero 
in temperature. 
[3] At VHF and above, propagation from a transmit-
ting antenna to a receiver is by line-of-sight straight-
line raypaths, except for transient and very special-
ized reflections from atmospheric, ionospheric, and 
meteoric path disturbances. 
[4] Ed Lyon, Tidbit on "Hi-Fi Broadcasting on AM," 
Radio Age, 31, 9, September 2006, p. 10. 
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(continued from page 10)-Tidbits 
gone. Most used the multi-pole telephone 
switchboard-type rocker switch for transmit 
-receive, and these rugged switches are 
universally found to be intact, needing onl 
light cleaning. Later models, made after the 
war, used miniature tubes, but had the same 
functional circuits as before the war, these 
also having been made by Radio Specialt. 
Humble Manufacturing Co., and Canadian 
Marconi. Virtually none is available 
through military surplus channels, mainI): 
because the Army scrapped them as soon as 
they had the operational radios for which 
they had been waiting. All Forest Service 
SPF-family sets are collectible. Thanks to 
www.proc.calMarconilcs25.html for the fine 
pictures, and to grplife.posterous.comlusda-
forest-service-radio for info on early use of 
the SPF. 

FOR you radio 
here's a tip 
substitute RF 

winding, (2) repairing 
cone, or (3) manufacturing a new non-stretching but tacky 
belt for that Zenith robot-dial radio. The secret ingredient 
is Dow-Corning 734 silicone sealant, in clear color. This 
silicone is very runny, and is termed "self-leveling." ( 1) 
To replace an open RF transformer primary, wind 
enameled wire, perhaps 50 turns of 24 ga., on a 2-watt 1-
Meg resistor, soldering the ends of the winding onto the 
resistor leads, close to the resistor. Bend one lead into a U 
so both leads come out one end of the resistor, and dip the 
resistor into Dow-Corning 734, letting it drip dry. The 
winding can be pushed down into the RF transformer to 
act as a substitute primary winding. Use more or less turns 
of wire, to suit the frequency band involved, and dip 
several times in silicone to build up enough diameter. (2) 
Use D-C 734 to paint onto rips in a speaker cone. It is thin 
and very compliant, and sticks to anything. (3) Get 
someone with a lathe to make you a wooden cylinder with 
a circumference exactly the length of the desired Zenith 
belt. Wrap a layer of waxed paper on it, and start wrapping 
a strip of coarse cheesecloth fabric on it, with D-C 734 
liberally spread on both sides of the fabric as you wrap in 
on the cylinder. Wrap several layers of this cloth-silicone 
on it and let it dry, turning it often to keep the D-C 734 
from settling to one side. When cured, slit it into several 
belts. They will be rubbery and non-slipping in use, but 
will not stretch like 0-rings do. If you have your own 
metal lathe, you can use it to make the cylinder, apply the 
cloth/silicone, let it turn slowly while the belt cures, and 
use it to turn the cylinder while you slit the belts with your 
Olfa rotary blade. 

restorers out there, 
on ( 1) making a 
transformer primary 

Here is the Canadian Marconi SPF-Clone in its wooden 
a torn of cut speaker 
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case. 

OBITUARY - We were all saddened to hear that our 

long-time MAARC board member and enthusiastic 

collector, restorer, and expert in many types of radios, 

Paul Farmer, succumbed to cancer on May 19th. He 

was universally respected as a technical expert and 

treasured as a friend, colleague, and gentleman. Our 

sympathy and best wishes go out to his dear wife and 

helpmeet, Kathy. A memorial service will be sched-

uled within the next month, we believe. 

Remember, the December and April MAARC 

meetings are held at Sully Station. near Dulles Air-

port. Also note that the intersection of Rte 28 and 

Westfields is a full cloverleaf, with local bypass 

lanes on Rte 28. Map:   N 
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Classified Ads 

Ise 
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 

1... , usual deadline for receipt of ads is the 1st of the month preceding publication. 
No phone-in ads, please, but email is welcomed. 

SERVICES: Professional 
restorations for all TUBE TYPE 
antique table radios, floor model 
consoles, cathedrals, tombstones, 
battery sets, communication 
receivers and music amplifiers. 
Complete overhauls to factory 
specifications. Lacquer sprayed, 
hand rubbed cabinet refinishing. 
Reasonable rates. Free estimates. 
UPS/USPS/FEDEX/TRUCK 
shipments accepted. 4 year 
warranty on new parts.***350+ 
antique radios for sale***Bob 
Eslinger/KR1U, Antique Radio 
Restoration & Repair, 20 Gary 
School Road, Pomfret Center, CT 
06259. Hours: 10am-4pm eastern 
time, Wednesday thru Saturday. 
Telephone: 860-928-2628. E-
mail: bob@oldradiodoc.com. 
Please come visit us on the web 
at http://www.oldradiodoc.com or 
stop by... when in the New 
England area. 

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: JFRADI0@aol.com 

Book: Mahlon Loomis, who 
experimented and demonstrated 

Wireless in 1864, by sending 
signals 18 miles using 400-foot 
wire antennas, and keying same to 
ground using free power available 
at 2000 foot elevations on top of 
mountains in northern Virginia. 
Loomis received a patent in 1872 
and Corporation Charter by US 
Congress in 1873. Describing his 
work and the File in the US 
Library of Congress is the book by 
Thomas Appleby, Mahlon Loomis 
Inventor of Radio, (c) Copyright 
1967, 188 pages, now available for 
$35 + s&h $5; Contact Svanholm 
Research Laboratories, 1604 Elson 
St., Adelphi, MD 20783 , 
n3rf@earthlink.net , http:// 
N3RF.home.netcom.com 

COLLECTION AUCTION! 
At RadioFallFest-2012, Sunday, 
October 21st. MAARC has 
acquired a substantial collection 
of radios, parts, tubes, and 
ephemera for the RadioFallFest 
auction. But there's always 
room for consignments! We are 
trying to keep the minimum  
sales price for items in this 
auction at a level of $ 10. 
Therefore, please bundle 
inexpensive items, especially 
magazines and books, into box 
lots that should fetch $10 or 
more. 

If you could only attend 

one out-of—state radio 

swap meet, it should be the 

27th annual: 

EXTRAVAGANZA '12 
July 12, 13 and 14 

The Michigan Antique Radio Club in 

conjunction with 
Telephone Collectors International is 

proud to announce this year's 

theme 

BAKELITE AND BEYOND 

At the Best Western Plus Lansing, Ml 
formerly the Causeway Bay Hotel) 

1-800-333-8123 

For show information and a brochure, contact 
Mark Goodwin 1-734-316-2803 

Email: mrkgoodwingecomcastnet 
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MA-A1ZC au r Cetlen4ert 
Thu-Sat, July 12-14 

Sun., July 15 

Sun., Aug.19 

Sun., Sep.16 

Sun., Oct 21 

Hamfests: 

Michigan Antique Radio Club and Telephone Collectors 
International host 27th annual Extravaganza-12. See p. 15 

MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Display table radio year = 1950, Presenta-
tion: Perhaps Paul Bernhardt, The NRL Rail Gun. 

MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Display table radio year = 1951, Presenta-
tion: Brian Belanger, Making radios and equipment from kits. 

MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:30. Display table radio year = 1952, Presenta-
tion: TBD 

RadioFallFest 2012 at the Davidsonville Family Recreation 
Center. See map on p. 2. Gates open at 8:00 for flea 
marketing. Huge auction featuring collectible radios, test gear, 
ham equipment, and audio components starts just after 
12:00. Food, coffee, soft drinks available for purchase from 
Boy Scout Troop. Zero admission fee. 

—check the ARRL website. 
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