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FM BROADCASTING IN A WHOLE N ke LIGHT 
BY ED LYON, WITH JOE SOUSA 

We have examined FM broadcasting in several past articles in this journal [1] and have given credit to E. H 
Armstrong for his perseverance in getting the technology finally established as a viable medium of entertain-
ment and education. He did most of this work in the mid- to late-1930s, and FM finally took off after the 
Second World War Some of our readers might remember the difficulties endured by Armstrong in generating 
high-fidelity FM signals, and the intricate system he ended up with, one that he steadfastly defended, and 
would not allow to be cheapened by upstart engineers paid to simple all circuits for economic reasons. 
During the same general period, some rather unusual sources of signal generation were discovered that 
could be frequency modulated, among other properties. This is such a source, recently discovered. 

THERE is a site on the interne called 
www.antiqueradiomuseum.org, run by the 
Radiomuseum. This is a very active group of 

some 4100 members who collect (and/or are 
interested in) antique radios and radio tubes. The site 
home is in Germany, but they have many languages 
available for the correspondents and visitors, though 
some translations are literal and require some study to 
get the full meaning. For example, in originally-
German correspondence, the English version has the 
verbs at the ends of the sentences, but the meaning 
can be got, and that is what counts. This site has 
many pictures and descriptions of ,radios owned by 
some of the 4100 members, and also hosts an 
exchange forum in which members and outsiders may 
ask and answer queries relating to radios, radio 
collecting, and radio signal generation and 
propagation. 

(IMSA), still energized about his restoration and 
experiments with that old Meissner Model 8C FM 
tuner, and while digging into deeper and deeper 
details of FM signal generation and detection, ran 
across some interesting Radiomuseum 
correspondence on their web site. In this exchange a 
fellow named Dietmar Rudolph was asking if any 
members had ideas about why certain old-fashioned 
light bulbs caused interference on FM radios. One 
particular bulb type, manufactured by The Paulmann 
Lamp Works [2], was remarkably active in producing 
interfering signals when illuminated and brought near 
an operating FM radio. A detailed exchange of 
correspondence existed, between Dietmar and Jacob 
Roschy, a Radiomuseum docent, of sorts, and this 
correspondence was joined by other Radiomuseum 
members who had some ideas about why the lamp 
produced radio interference, and what to do about it. 

Recently, Joe Sousa, MAARC member and CEO of 
the Intergalactic Meissner Studies Association (Continued on page 3) 
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ABOUT MAARC and RADIO AGE. Radio Age became 
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Radio Age were separate publications. 

Subscription to Radio Age begins with the next available issue 
after the membership application and dues are received. Dues 
are $20 per year in the US, $30 in Canada, and $45 elsewhere, 
all payable in US dollars. Two-year, three-year, and life 
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is available from the Membership Chair or the MAARC website 
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so corrections can be made to Radio Age's mailing list. The Post 
Office will not forward your newsletters. 
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(August 1984) and most issues of Radio Age from Vol. 1, No. 1 
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Submissions to Radio Age are welcomed. Typewritten copy is 
preferred to handwritten. Articles should be submitted in PC 
format via email attachment or CD-ROM in ASCII (such as 
WordPad), MS Word (Windows), RTF, or Word Perfect format, 
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modify it anyway. Photographs, if hardcopy, should be high 
quality black and white or color. Softcopy graphics files should 
be in TIFF or JPEG formats; contact the editors for further 
guidance. Send your submission to either editor and include 
your name, address, phone, and email. 

MAARC MONTHLY MEETINGS. MAARC is currently 
seeking a new meeting place. The July, August, and September 
meetings will be held at the Davidson Family Recreation Center 
in Davidsonville, MD. Best routing is: US 50 to MD 424, then 
south to MD 214 (Central Ave.), then west only 0.6 mile to 
slight left onto Queen Anne Bridge Rd. Then 1.1 miles to the 
Rec. Center on your left. 

Map — Davidsonville Family 
Recreation Center (not to scale) 
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(Continued from page 1) 
Dietmar wrote to the lamp manufacturer about the 
interfering signals, and the Paulmann people wrote 
back, sheepishly admitting knowledge of the effect, 
and hurrying to add that the application of a plain 
refrigerator magnet to the top of the bulb would quiet 
the interference, and allow use of the lamp near the 
radio, with no harmful jamming of the radio signals. 
And they hoped the writer wasn't too upset over the 
interference. 

Figure 1. A Paulmann Rustica lamp bulb, this one 
rated at about 50 watts. The zig-zag filament is 
critical to this design, in making oscillations. 

But Dietmar was not interested in how to stop the 
effect; he wanted to know why it was there in the first 
place. Joe Sousa had been taking in this corres-
pondence, and quickly assembled instruments in his 
lab to investigate the effect. The particular lamp type 
that seemed certain of producing the RF signals was 
the Paulmann "Rustica" lamp, a sample of which Joe 
obtained from Dietmar, after Joe explained that he 
wanted to study the lamp in his lab, and try to 
determine the cause of the interference. The 
"Rustica" is a "retro" lamp, Joe's example seen here 
in Fig. 1, made in the style of the old clear-glass ones 
with zig-zag filaments of the early 1900-1930 period. 
Dietmar had run some qualitative tests on the lamp, 
using an oscilloscope to examine any radio signals 
that might be produced by the lamp, and so Joe 
immediately reproduced Dietmar's hook-up, and got 
similar results. Fig. 2 shows the bursts of radio 
signals that are produced in the lamp circuit, and it is 
clear that these bursts take place when the voltage on 

Figure 2. Bursts of signal are emitted from the 
lamp , as seen here, when the line voltage to the 
lamp (the sinusoid here) is going through its 
maxima in voltage. (The scope's strobing effect 
keeps the second burst from being very bright.) 

the lamp (or perhaps the current through it) gets 
above some threshold amount_ 

What that means is that with the lamp driven by the 
power line (alternating current) the radio signals seem 
to be produced whenever the lamp voltage was 
instantaneously higher than some threshold value. 
Since Rudolph was working in Germany, and used a 
240-volt ac power line, it became apparent from the 
oscilloscope traces that the threshold voltage was 
somewhat above 150 volts, based on the on- to off-
time periods of the radio signal, and the knowledge 
that the applied voltage is a sinusoidal wave with a 
peak amplitude of about 310 volts. The lamp Joe had 
obtained was a 240-volt European bulb, and so he had 
to rig up a method of getting that much a-c voltage in 
his experiment to drive the lamp. A transformer 
designed for world travelers did that for him. 

(Continued on page 4) 
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(Continued from page 3) 
Joe's initial experiments basically reproduced those of 
Dietmar, and the signals were heard in his nearby FM 
receiver, a Concert Boy 57 he had restored. The 
signals received had the expected 120-Hz buzz caused 
by the bursts repeating every time the power line 
voltage exceeded the threshold, whether positive or 
negative, thus recurring 120 times a second. To verify 
that the effect was a voltage-sensitive one, and not 
some extraneous ac magnetic field effect (like the one 
likely produced by his transformer), he then 
connected the lamp to the output of a well-regulated 
d-c power supply. Sure enough, when the applied 
voltage was set above about 200 volts dc, the signal 
generation started. While the frequency of the signal 
seemed to be a strongly sensitive function of the 
applied voltage, and the applied voltage was very well 
regulated (typical Lambda quality), the signal was not 
extremely clean, but showed rumbling modulation 
effects, easily heard in the FM radio. 

Figure 3. Joe Sousa found that a screen shield 
made the output very stable and free of noise. 

Joe worked several sessions trying to reduce the 
rumbling noise in the signals, and found that waving a 
permanent magnet near the lamp did, in fact, affect 

Figure 4. Joe found this sweet spot for injecting 
electrostatic signals into the bulb, and marked the 
bulb at that spot. 

the frequency and amplitude of the signals. So he 
devised magnetic shielding for the lamp, but found it 
only marginally effective. But what did work, and 
cleaned up the RF signals completely, was a simple 
grounded screen-wire shield over the bulb. Joe 
concluded that the grumbling noises were caused by 
the pickup of mainly electric fields in the laboratory. 
The screen took them away completely. (Of course, 
a-c magnetic fields are also shielded by a good screen 
cage, so it wasn't certain that the effect was purely 
electrostatic, at least not yet.) With the screen-wire 
shield in place the signal generated in the lamp was a 
pure tone, quite stable in frequency as long as the 
applied voltage was not changed. 

Joe corresponded with Dietmar Rudolph, other 
members of the Radiomuseum, and this author about 
his findings, and the Radiomuseum got several 
members quite excited about it. Here was apparently 
a new way of generating frequency-sensitive radio 
signals. Old literature was searched, and it seems that 
in 1938 or 1939 the same effect was noticed in bulbs 
in Europe, but was blamed on poor connections, 
dissimilar metals in the bulb, corrosion in the bulb 
wiring system, and a host of other logical causes. 
Somehow it was not noted in America. The European 
experience called the radio signals a nuisance, and 
efforts were expended to eliminate it. 

A simple way was found, coincident with adopting 
Langmuir's filament construction, which involved 
coiling the filament into a tight spiral, to convert a 
long thin piece of tungsten into a shorter, more rugged 
filament that would be stronger and would yield more 
concentrated light. With the coiled filament the lamp 

(Continued on page 5) 
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(Continued from page 4) 
did not produce the interfering radio signals. 
European problem solved. 

Whoa, that was the 1938 problem, not today's! The 
"problem" today is a genuine scientific curiosity that 
needs explanation. Dietmar began detailed exam-
ination of the Paulmann lamp, and he conducted 
experiments, suspecting that some barely visible 
colored deposit on the central glass stem inside the 
bulb, into which all the filament stretcher hooks were 
embedded, might act as a semiconductor and produce 
signals through some nonlinear current-leakage effect 
among the filament stretcher wires. But no such 
effects could be proven, and a mechanism for the 
formation of signals seemed obscure. 

Meantime, on this side of the Atlantic, Joe reasoned 
that if the bulb was sensitive to electric fields, as his 
shielding screen seemed to suggest, maybe he could 
create controlled electric fields in the lamp, and make 
the signal change in some predictable way. To do this, 
he figured he would have to inject some sort of 
electric field into the immediate vicinity of the lamp. 
He put a short wire inside the shield, taped to the bulb 
glass at a particular "sweet spot," and sent a signal 
from a CD-player to the little wire, via a co-axial 
cable. The CD music came out of the FM radio 
almost as cleanly as if he had been listening to 
WGBH. Good grief! He was broadcasting quality 
music on FM all the way across his room! And using 
only a lamp, a tube that had one electrode less than a 
diode — only a filament — possibly a "monode" or 
"unode!" Was this some sort of miracle? Looks like 
Edison missed out on the invention of the diode, and 
then missed inventing FM broadcasting, to boot. 

Not sanguine about miracles in the laboratory, Joe 
began spreading the word about his findings, within 
the Radiomuseum group and the IMSA. The question 

of the day was, "What is the physical principle 
involved here, in which a filamentary lamp produces 
RF signals that are sinusoidal, controllable, and 
powerful enough to propagate across a room to a radio 
receiver?" But he also continued his experiments. He 
found that a-c power applied to the lamp modulated 
the signals both in amplitude and frequency. An FM 
radio receiver was relatively insensitive to the AM 
part of the modulation, but translated the FM 
excursions as power-line hum. D-c excitation of the 
lamp could produce clean sinusoidal signals having 
relatively low harmonic levels, mostly at least 20 
decibels below the level of the fundamental. 
American bulbs, made for 110 to 120 volts excitation, 
would not normally produce the signals, since the 
applied voltage was always lower than the apparent 
threshold. 

Well, not necessarily. Joe has been trying to find 
examples of antique American bulbs he can work 
with. He has a plan to excite these bulbs with pulsed 
power, in which the pulses have peak amplitudes well 
above the threshold voltage, but the on-off time ratio 
would be reduced enough to avoid burning out the 
filament. 

So far, this much is known: 
1. Only lamps with straight zig-zag filaments 

produce signals at radio frequencies. Doubly-
coiled (Langmuir) filaments do not produce 
the signals. 

2. High-wattage bulbs, having higher gas 
pressure inside than low-wattage bulbs, did 
not produce signals. (Old lamp bulbs below 
25-30 watts are primarily vacuum bulbs.) 

3. Signals appeared only when the applied lamp 
voltage exceeded about 160 to 200 volts. 

4. When powered by a-c power, the lamp 
produces bursts of signals having great 

(Continued on page 6) 

FOR THE RECORD 

The August meeting of the Mid-Atlantic Antique Radio Club took place on the 17th at the Davidsonville facil-
ity. A slight change in format was tried, in which the video presentation was started early, and ran for some 25-
30 minutes before the main business meeting. That way many who enjoy watching the restoration techniques 
being shown could concentrate on the topic without worrying about time constraints. About 49 members at-
tended. Willie Sessoms had an active Show-'n'-Tell session, and President Geoff Shearer made several an-
nouncements, mainly with regard to RadioActivity 2009, its theme, and the occasion of MAARC's silver anni-
versary, which coincides with the forthcoming event. The board meeting that preceded the members' meeting 
also featured discussion and plans for RadioFallFest-08, the big autumn meet MAARC will hold for radio col-
lectors and hams on the 19th of October this year at the Davidsonville Family Recreation Center. This meet 
was then discussed with the membership attending the main meeting. Col. Belanger closed the meeting with a 
very big auction, as usual. 
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(Continued from page 5) 
frequency swings in each burst; the 
recurrence rate of the bursts is twice the 
power-line frequency. 

5. The lamp is position sensitive, such that 
when vertical, the sagging of the heated 
filament loosens it from the stretcher hooks, 
and it vibrates due to room noises and such; 
when horizontal, the sagging filament 
maintains good contact with the stretcher 
hooks and the RF signal is more stable. 

6. Overall heating of the lamp causes the 
frequency out of the lamp to drift 
considerably, but this drift can be removed 
by careful adjustment of the d-c lamp 
voltage. 

7. The fact that injection of tiny electrostatic 
fields near the bulb can modulate the output 
frequency strongly does not guarantee that 
the output frequency is controlled ONLY by 
electrostatic fields, but might be controlled 
by both electric and magnetic fields in the 
lamp. 

8. Finally, there does not seem to be any tuned 
circuit here at all. Joe has carefully isolated 
the leads with filters, for example. 

This last item is very significant. If there were some 
hidden L-C circuit in the system, perhaps due to 
stray capacitance and the inductance of lead-in 
wires, why would the frequency change smoothly 
with applied voltage? It seems to do so over at least 
a two-to-one frequency ratio, from below 60 MHz 
to above 130 MHz. How could the strays and 
incidental inductance of connecting wires be 
sensitive to voltage? 

Joe found that until he could devise feedback of the 
frequency drift to adjust the d-c excitation voltage, 
and thereby cancel the drift, the usual garden-
variety FM receiver would never work with his 
novel transmitter. A standard receiver would 
certainly lose the signal as the lamp system warmed 
up, and as the d-c power supply drifted in output 
(yes, even Lambdas aren't perfect). He found a 
novelty-store pencil-receiver, though, in which the 
tiny receiver was tuned by a sweeping voltage that 
was stopped when any station was encountered, and 
which would, therefore, follow the drift of an FM 
station all over the band. This tiny receiver, 
removed from its pencil housing, is shown in Fig. 5, 
almost lost on Joe's bench. Another way to receive 
the signals without the need to chase the transmitted 

Figure 5. The " pencil" FM receiver Joe used to re-
ceive one of his FM broadcasts. It used "search" 
type electronic tuning that enabled it to follow the 
wandering broadcast frequency. 

signal around the spectrum would be with the 
wonderful Saba "Konstanz" receiver, a usual-
looking German post-war receiver (with the usual 
piano-keys for station-selecting), but with a 
powerful automatic frequency control that will 
follow incoming signals doggedly, despite their 
wander over the spectrum. Joe is seriously thinking 
about such a receiver. 

But as to the cause of the signals, much more 
experimentation needs to be done to figure how a 
lamp can produce these signals. The hypotheses of 
the 1938 period were clearly wrong, at least for the 
basically well-behaved FM-capable signals Joe is 
seeing, coming from his Rustica lamp. They placed 
the blame for the signals on bad connections, loose 
wires, corrosion, dissimilar metals in the switch 
contacts, and such, and these certainly can cause the 
generation of radio "noise." But generally not clean 
sinusoidal-wave signals, like we see from Joe's 
lamp and those documented on the Radiomuseum 
web site. And Joe has no known corrosion or bad 
connections in his setup, even though it is not 
photogenic. 

Edison noticed something that should give a hint 
here. He saw that when his bulbs were heated with 
d-c power (d-c of course, since he was Edison!) that 
one side of the bulb, the side nearest the positive 
lead-in wire, got dark from evaporated carbon from 
the filament.. Carbon atoms carrying electrons 
boiled off the filament were attracted to the positive 
lead-in wire, and the charged carbon atom's inertia 

(Continued on page 7) 
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(Continued from page 6) 

carried it past the thin wire and deposited it on the 
glass. In fact, his efforts thereafter were primarily 
aimed at extending filament life and preventing this 
darkening of the glass. The upshot of this is that 
electrons are emitted from the filament and are 
attracted to whichever lead-in wire is positive at the 
moment. 

This author has a theory in mind for this type of 
oscillator. First, it must be remembered that any time 
one accelerates electrons, one produces an 
electromagnetic wave. If the acceleration is 
sinusoidally alternating in direction, the emitted wave 
will have the frequency of the alternating-direction 
electron motion. What we are seeing here in the 

Rustica bulb are the 

Magnetic field lines 

Electron path 

+30v 

+60v +120v +180v 
0 volts 

+90v +150v +210v 

o 
+240 volts 

Figure 6. Model of a simple zig-zag filament lamp bulb, but straightened out 
rather than left in its cylindrical shape. The fat arrows show the notional mag-
netic field lines, at least the part that is coming out of the page, while the 
black line shows the path electrons would tend to take, to avoid cutting 
lacross many magnetic lines. 

Figure 7. The " rule of thumb" that shows which 
way a magnetic field ( B) will be projected when a 
current ( I) travels in a wire. Electrons traveling 
through space also create similar magnetic fields. 

orbiting of electrons in the 
bulb, these electrons 
coming from the 
incandescent filament, just 
as in an 01-A, or more 
exactly, a UX-201, with its 
pure tungsten filament. 
The difference here, 
though, is that we also 
have a high-voltage 
positive terminal in the 
bulb, namely, the positive 
end of the filament! The 
voltages throughout the 
filament, are high enough 
that electrostatic effects 
can certainly be expected 
in the bulb, with electrons 
boiled off any of the legs 
of the filament being 

pulled to the filament legs that are more positive than 
the place from which electrons are emitted. From 
there, electrons boiled off that leg of the filament are 
drawn to the next more positive leg, and so on to the 
last filament leg, whose electrons are attracted to the 
positive end of the filament. In other words, 
electrons move generally in a circle inside the bulb, 
probably accumulating more electrons as they make 
the circle. 

Fig. 6 shows a schematic model of a typical zig-zag 
filament, stretched out in a line, rather than wrapped 
around in a sort of cylindrical arrangement. The right 
hand end of this filament is the positive end, in this 
model. Thus each leg of the filament has another leg 
to its right that is more positive, and will tend to 
attract electrons boiled off any part of the filament. 
Each leg also has a magnetic field, produced by the 
current in the filament, and this field is in the form of 
circles surrounding the filament wire, itself. Note 
that the circles, following the "right-hand rule," 
shown in Fig. 7, are as shown in the Fig. 6 schematic 
(showing only the half of each circle that is on our 

(Continued on page 11) 
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BILL AND JOE-PART 8 
STILL RESISTING 

BY WALT LINDENBACH 

Last time, Bill was telling Joe about how a Type 24A Tetrode could operate as a dynatron oscillator 

because, when the screen voltage was higher than the plate voltage, it produced a negative resistance. 

Bill said that next time, they would consider spark and arc transmitters, one of which is a negative 
resistance device. 

"Okay," said Joe, "which one has negative resis-
tance, and why?" 
"The arc transmitter operates on the negative resis-
tance principle," replied Bill, "and the spark trans-
mitter does not. The spark transmitter was the first 
stage in radio development and the arc transmitter, 
the second. In 1912, the U.S. Navy was testing a 
100 kW spark transmitter supplied by Fessenden. 
They were barely convinced to try a 30 kW Poulsen 
arc transmitter, but found that it was superior." 

"So," said Joe, 
"negative resistance 
is pretty good stuff, 
huh? How come?" 
"Well," replied Bill, 
"there's a bit more to 
it. The spark trans-
mitter uses an AC 
power supply of a 
voltage sufficient to 
make the air between 
two electrodes -- the 
spark gap -- break 
down twice every 
cycle near the peak. 
There is typically a tuned transformer capacitively 
coupled to the spark gap and to the antenna. When 
the spark gap breaks down, it makes a big, sharp, 
negative-going voltage spike at the tuned trans-
former, which makes it wiggle at its resonant fre-
quency. That's called shock-excitation. The 'wiggle' 
is RF energy, which is radiated by the antenna. But 
the tuned circuit transformer quickly gets tired of 
wiggling because the antenna is soaking up the RF 
energy and radiating it. Since there is no more RF 
energy to be had until the next half-wave of the AC 
power supply, the antenna radiates what is called a 
damped wave. And, the spark transmitter radiates 
RF energy over a wide band of frequencies, which 
means that a receiver tuned to one frequency can 
receive only a small part." 

"A buzz with the fundamental frequency of 120 Hz if 
the power line frequency is 60 Hz. That's pretty low 
but there are lots of harmonics, so Morse code can be 
transmitted. But clearly, you can't transmit voice or 
music with a signal like that. For amplitude modula-
tion, a continuous wave -- CW -- is needed." 
"Let me guess." interrupted Joe, "This is where the 
arc transmitter comes in." 
"On the money." said Bill, "The arc transmitter oper-
ates with a DC power supply, and assume for the mo-

ment that the spark-gap 
is shortened. The current 
in the inductance rises 
as its magnetic field 
builds up. If it were not 
for the resistance, the 
current would keep on 
increasing until a fuse 
blew. Except for the in-
ternal resistance of the 
inductor, the inductor 
voltage would be zero. 
If you like, there is a 
time-constant equation 
that describes this." 
"I don't like," inter-

rupted Joe, "Just tell me what happens when you put 
the spark gap into the circuit." 

ARC TRANSMITTER 

"What do you hear from a transmitter like that?" 
asked Joe. 

"Okay, okay," said Bill, "just making sure that you're 
awake. The situation is almost the same with the 
spark-gap in the circuit with the generator voltage 
between 300 and 1000 V DC, typically 500. The arc 
is ' struck' by bringing the spark- gap electrodes to-
gether and then drawing them apart slightly. The arc 
is now continuous with a small voltage between the 
electrodes -- only tens of volts. The spark-gap is a 
real negative-resistance device. That means that as 
the voltage goes up, the current goes down, and vice 
versa. The neon bulb is considered a negative-
resistance device also, and it is -- sort of -- but not 
this way. There's a big difference." 

(Continued on page 9) 
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(Continued from page 8) 
"What about the tuned circuit, and where's the RF 
energy?" asked Joe. 
"Yeah," said Bill, "now the fun begins. I'll tell you 
what I know, but it is not a complete explanation. 
Walt -- you know, the guy who writes this thing ---
told me he had plowed through a bunch of old books 
and found some less-than-satisfying explanations. He 
said that if anyone had a better explanation, he would 
sure like to hear about it, and he asked me to pass on 
his e-mail address. It is: lindenbachw@shaw.ca." 
"Well, that's honest anyhow." replied Joe, "Do I have 
to conclude that the Wizard of Watts is not omnis-
cient?" 
"Humph! Thanks all to pieces!" growled Bill sarcas-
tically. 
"Oh, you're probably just being overly modest, and 
confession is good for the soul," purred Joe in a con-
ciliatory tone. "Tell me about the tuned circuit." 
"Okay, here we go," said Bill, "The tuned circuit 
across the spark gap is made up of a capacitor and an 
inductor -- which is also a transformer to couple en-
ergy to the antenna -- but -- and this is a real big 'but' 
-- at the resonant frequency, the tuned circuit looks 
like a resistor! Remember, this happens only at the 
resonant frequency, and this ' resistor', being across 
the spark-gap, takes current away from the spark-gap. 
All the current that is to be had is supplied through 
the inductor, and inductors don't like fast current 
changes. So the current through the spark-gap de-
creases and, since it is a negative-resistance device, 
the voltage across it and the tuned circuit rises. To 
maintain the tuned circuit equivalent 'resistor', the 
voltage has to turn around and come down. But why? 
That's where I stop." 
"Not bad, as far as it goes," said Joe, quite surprised, 
"What does this process do to the whole works?" 
"It makes the inductor, resistor, and spark-gap oper-
ate at the resonant frequency of the tuned circuit. 
That means that the RF energy coupled to the antenna 
-- that's the energy in the equivalent 'resistor' -- is 
concentrated at the tuned circuit resonant frequency 
instead of being sprayed about all over the band." 
"Aha," said Joe, "now I see why 30 kW worth of arc 
transmitter was better than 100 kW worth of spark 
transmitter: the power was concentrated at one fre-
quency." 
"You've got it," said Bill. 
"But I really want to know how a tuned circuit can 
turn into a resistor," said Joe. 
"Sure enough," said Bill, "but not tonight. You've got 
to go home now." 
"Oh bother! Yeah, you're right. Next time, okay? 
Good night." 

Following picture from Howeth's History of Communications-Electronics in the US 

FIGURE 11-4. 30 KW Federal Telegraph arc transmitter with helix. 

Remember, the December and April MAARC 

meetings are held at Sully Station, near Dulles 
Airport. Map: 

S0 018 Fa 

Road r 

Croft 

N 

Rt. 50 

Willard 

\Nestftelds 

Safeway 
Shopping Center 

X 
Sully Station 

Community Center 

6 

S 

E 

Rt. 28 

(Sully Road) 

(map not to scatoll 

Radio Age • September 2008 RadioFallFest: October 19!  page 9 



REFLEX circuits in radio 
receivers have been around for 
a long time. They first 

became popular with tinkerers in the 
1920s, since they promised to get, say, 
6-tube performance with but 4 tubes. 
Tinkerers and hobbyists of that period 
didn't like to spend dollars on what 
they considered extra tubes, so they 

tried all sorts of trick circuits that sent the desired 
radio signal through a stage, with its tube, and at 
some point farther downstream in the signal path the 
signal would be sent through that tube again. The 
trick was to get the two passes through a given tube 
to be at completely different frequencies, so they 
would not intermix and distort one another. 

Another requirement if you want to use a reflex 
circuit is to keep the two signals that go through the 
reflexed tube relatively low in amplitude, so that the 
stage is more apt to be linear, allowing the two 
signals to add and subtract, but never multiply. 
Choosing which stages in a complete receiver one 
wants to reflex is, therefore, not a trivial task. It is 
made much easier if the radio type is straightforward 
and simple, like an old TRF radio like the old three-
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dialers. In one of these, one might send the audio 
signal, after detection, back through the first RF 
amplifier stage to amplify it before sending it off to 
the final audio output stage. The famous Crosley 
Trirdyn (Tri-R-dyn, denoting 3 Rs) had RF ampli-
fication, Regeneration, and Reflexing, for example. 

But reflexing was also practiced in superhets. In fact, 
RCA's first superhet, the one hand-built by Howard 
Armstrong and Harry Houck at Samoff's request, 
started out as an 8-tube (or possibly 9-tube) set until 
Samoff ordered them to eliminate a couple tubes. He 
thought the public would not like a new radio with so 
many tubes, compared with what five tubes could do 
for you in a Neutrodyne. Armstrong and Houck 
worked hard on this task, and finally got it to work 
with six tubes, through reflexing. As a result of the 
tortuous circuit complexity they built (said to have 
"grown like Topsy"), it is not easy to identify exactly 
how many stages or tubes are reflexed, but it does 
work, after a fashion. 

Now, however, we have a new reflex circuit, one 
using but one tube, albeit a dual triode. It was tripped 
over by Joe Sousa, and it comes from an avid radio 
experimenter from Belgium. It is shown here. 
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(Continued from page 7) FM Broadcasting... 
side of the paper it is printed on). To avoid doing 
work (electrons are inherently lazy), electrons emitted 
from any part of the filament tend to follow the 
circles, and if they do, they could work their way 
toward the most positive end of the filament by 
weaving in and out of the zig-zags in the filament as 
shown in the figure. Some, of course, get lucky and 
make a bee-line directly to the next filament leg, 
which is more positive and attracts these electrons, 
even though they have to cross some magnetic lines 
of force, and thereby do some work. Electrons that 
make the entire weaving path, however, get real 
lucky, since they get to land on the most positive 
thing in the bulb, the +240-volt lead-in wire. To get 
there, they have to complete the weave and then spiral 
down the last (right-hand end) filament leg in a 
tightening spiral, and finally land on the lead-in. 

To maintain sufficient electron numbers, in view of 
the probability that a good number of electrons hit the 
filament wires and do not complete their weave path, 
it is proposed that those electrons that strike parts of 
the filament (those parts that are more positive) very 
likely cause secondary emission, i.e., electron 
multiplication. Thus one electron hitting a filament 
leg would cause a shower of electrons to be emitted 
from that strike, and some of them would be on the 
right trajectory to help complete the orbital weave. It 
could be that electron multiplication favors a specific 
orbital period—the time taken to complete a weave 
path—because the bunching of electrons striking a 
positive section of the filament would produce 
secondary electrons disproportionately. That is, a few 
electrons striking the hot filament might dislodge 
twice as many new electrons, but a somewhat larger 
bunch of electrons might release thousands. If this is 
so, it could make the system tend to resonate sharply 
at a specific frequency for each voltage gradient, and 
this is what seems to be happening. The spectrogram 
on the next page shows the clean output spectrum, 
clear evidence of very sharp control of the electronic 
period. 

Crude estimates of the electron velocity expected 
from any section of the filament, taking into 
consideration the nearby negative section, looking 
one way, and the positive section an equal distance 
away, on the other side, is of the order of 5 to 10 
million meters per second, yielding an orbit of the 
order of 10 nanoseconds in duration. This is the 
period of a 100 MHz electromagnetic wave, right in 
the center of the FM band. The only section of the 
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filament that would not behave like this is the section 
of the first (zero-volt end of filament) zig-zag , since 
with the cylindrical geometry of the bulb, that section 
is also very close to the +240-volt end. (Imagine 
figure 6 wrapped around a coke can.) All other 
filament sections would have electron launch 
velocities governed by the usual tungsten work 
function [3]. 

If any of this theory is true, it implies that we have a 
magical level of magnetic field and electric field 
interaction here, which with the unique geometry of 
the old-fashioned zig-zag filament, makes a tiny 
betatron out of the bulb, and the orbiting electrons 
make radio signals by means of their travel along that 
sinuous path. Their orbital speeds would increase 
directly as applied bulb voltage because raising the 
voltage to the bulb would increase the voltage 
gradient from filament leg to filament leg, and would 

increase the magnetic steering forces as well. But 
since this is not actually a true betatron, we really 
should give it a proper name. How about a "shuttle-
ton," named after the device weavers use to carry the 
bobbin of weft (originally, woof) yarn back and forth 
between the warp yarns. Or, we could call it a 
"wooftron." Joe Sousa's use of it as an FM broad-
casting transmitter suggested that we call it a "Sousa-
phone," but every high school band already has those. 
We invite the readers to weigh in here. 

Meanwhile, Joe's experiments continue, as time 
permits. He has other distractions along the way, 
however, and has to budget his research into these 
esoteric phenomena. I have sent a request to Steve 

Snyderman, our long-time MAARCer from Raleigh, 
who bought a huge lot of old bulbs at RadioActivity 
2007, for him to go through these antiques, trying to 
find at least one with the proper qualifications for 
these experiments. He has found two, and sent them 
to me, and thinks he has another. We will chronicle 
Joe's (and others' at Radiomuseum and IMSA) 
progress in these pages. 

Just think: If Edison had had Joe's oscilloscope and 
tiny FM receiver, he could have been the inventor of 
FM. But that makes about as little sense as 
something my New Jersey-based boss once told me, 
back in the 1970s: "If it hadn't been for Tom Edison, 
we'd all be sitting around listening to radios by 
candle-light." Trouble is, he was serious. 

AAAA 
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(Continued from page 11) 
References: 
[1] Lyon, Ed., "The Struggle for FM Broadcasting," 
Radio Age, 30, 1, pages lff, MAARC, January 
2005. 

[2] Paulmann Licht GmbH, Quezinger Feld 2, D-
31832, Springe, Germany, makes two suitable 
bulbs, Cat. Nos. 55040 and 55060, both Rustika. 

[3] Eastman, A.V., Fundamentals of Vacuum Tubes, 
2nd ed., page 8, McGraw Hill, New York, 1941. 
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The Mid-Atlantic Antique Radio Club 
Presents 

RadioFallFest 
A last big radio blow-out before the winter arrives 

October 19, 2008 

Davidsonville, MD 

We are inviting the Ham Radio community to make this a 

rombined Antique Radio Meet and Vintage Ham Fest. 

Admission and Flea Market Set-up is Free! 

Gates will be open by 7:00 am. 

Large Auction starts at Noon! 
Should be as extensive as last year! Stay tuned to the 
Radio Age newsletter and www.MAARC.org for more 

information as the event approaches. 

Lunch will be available for purchase, details at the meet. 

Location: Davidsonville Family Recreation Center 
3727 Queen Anne Bridge Road, Davidsonville, Maryland 

On the Historic Grounds of the 
Cold-War Era Nike Missile Site. 

From the Washington, DC beltway (I-95) take US Rt. 50 East 
To exit 16 - Davidsonville Road (MD 424). Go South about 3 mi. 

Turn right on MD 214 (Central Ave.) at the light. 
After 0.7 mi., bear left onto Queen Anne Bridge Road. 

Go 1.1 mi. to Rec Center entrance on the left. 
For maps and other info visit our web site: www.maarc.org 
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BOOK REVIEW 

World War ll Radio Heroes—Letters of Compassion 

By Lisa Spahr 
Reviewed by Paul R. Farmer K3YFQ 

LISA Spahr has written a book that should 
appeal to everyone interested in mid-20th 
Century amateur radio and foreign broadcast 

listening, as well as anyone with a keen interest in 
World War II. 

During the War, Axis Sally read messages from 
American Prisoners Of War over German propagan-
da broadcasts beamed to the US. The messages were 
intended for POW mothers, fathers, wives, family, 
and sweethearts. Amateur radio operators, barred 
from transmitting their own messages over short-
wave, were reduced to listening to foreign broadcast 
stations. The proliferation of multi-band radios in 
the 1930s and early 1940s meant that many average 
citizens were tuned in as well to foreign station 
shortwave broadcasts for news and entertainment. 
Both types of shortwave listeners (amateur radio 
operators and regular citizens) took it upon them-
selves to write letters to mothers and wives of POWs 
who were featured in the German radio broadcasts, 
just to bring news to loved ones that their sons were 
safe and well in German prison camps. Many thou-
sands of letters were written and many loved ones 
were reassured to get the news from someone who 
cared enough to go to the trouble and expense of 
writing so many letters. 

Ms. Spahr's story documents this part of the history 
of the War for those of us who were unaware of the 
practice or the details. Beyond that, it is a personal 
story for Spahr, whose own grandfather was a POW 
featured in one of the German broadcasts. 

In a 60-year-old, nearly forgotten trunk in her Aunt 
and Uncle's attic, Spahr finds her grandfather's war 
memorabilia and the nearly 70 letters written to her 
great-grandmother by shortwave listeners poignantly 
informing her of the safe POW status of her son. 
Spahr's attention is initially focused on her grandfa-
ther's uniform and other memorabilia, but before 
long she comes to realize the significance of the let-
ters. Her effort to understand the letters and to con-
tact any survivors among the letter writers leads to 
her most compelling book. 

Spahr has done her homework, so the historical ac-
count is rich and accurate. And her own story of get-
ting to know her grandfather again is told with equal 
parts of curiosity and compassion. 

Lisa Spahr's "Radio Heroes" describes a journey of 
discovery for her, and for us provides one more im-
age of America before mid-Century and one more 
image of America's "Greatest Generation." 

World War II Radio Heroes — Letters of Compassion 
is available for $ 16 ppd. from Time Out of Mind 
Radio Books, PO Box 352, Washington, VA 22747-
0352. 

Paul Farmer collects early Japanese and American 
transistor radios, colorful plastic radios of all kinds, 
mint communications receivers, a few early battery 
sets and speakers, consumer hi-fi equipment from 
the 1950s and 60s, and a wide range of rare and 
obscure radios. His definitive article on the develop-
ment and collecting of the worlds' first transistor 
radio, the Regency TR-1, appeared as the lead arti-
cle in AWA Review 17. His articles on transistor 
radios and other subjects appear regularly in Radio 
Age. 
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FARM RADIOS BARGAINS AND AVAILABLE 
PART 1 

BY ED LYON 
This article has been sitting in the IN box since May, and won't ever get into the newsletter unless I break in into parts, so 
here is Part 1, broken off at one page worth, 'cause thats' all the room we have left in this issue. It will continue in No-
vember, though. It deals with those boxy farm radios, you know the ones, with the wires coming out the back for all those 
batteries. 

AT the usual radio auction, any radio put on the 
block and identified as a farm set often yields 
yawns throughout the audience and a degree of 

cajoling and coercion on the part of the auctioneer, some 
even muttering under their breath, "Now where's that 
newby collector when I need him?" Farm sets were not 
usually the most handsome radios, and are far from the 
most rare and sought-after radios in the collector's uni-
verse. They went through several epochs or phases, but 
were all characterized by being battery-driven as their pri-
mary mode of powering-up. They developed in phases, 
starting with the three-dialers in the 1920s, most all of 
which qualify as belonging to the rural scene. 

In the earliest phase, farm sets were identical to everyone's 
radios: all had about five or six tubes, were TRF circuits, 
likely tuned via three dials, and ran on automobile batteries 
and substantial B-batteries, plus, perhaps, a C battery for 
bias. While the city-dweller took his wet-cell A-battery in 
to the radio dealer or auto service station for a recharge 
every week, the radio-owner out in the country hooked his 
up to the tractor or to a windmill-powered generator for 
recharging. By 1928, though, "socket power" had hit the 
street, and the city-dweller could either buy an "A-B elimi-
nator" or invest in one of the new socket-powered radios, 
either one providing radio entertainment (plus hum) with 
no more fussing with batteries. The older three-dialers 
stayed in use on the farms, though, and many city dwellers, 
upgrading to socket-power sets, could get a few bucks 
from their country cousins in exchange for the old Fresh-
man, Fada, or AK breadboard. 

The farmer without socket power had to stick with the 
older sets, and sweat out battery problems while he waited 
for someone to make a more efficient model that did not 
require so much battery drainage and consequent manipu-
lation, or until rural electrification came along [ 1]. The 
first-phase farm sets were, therefore, the same radios that 
sold like hotcakes in the early half of the 1920s, and were 
being dumped by jobbers in the late 1920s, for a nickel on 
the dollar. Many of these sets were snapped up by farmers, 
were used to hear crop price forecasts and weather reports 
in the evenings, and might even be used by the farmer's 
kids after the family went to bed, to listen to WFAA or 
WWVA, and country music. 

Until the B-battery went kaput. The A-battery was usually 
the tractor battery, and it could always be recharged if the 
radio ran it down, but the B-battery was a string of dry 
cells, and not even the legendary soaking in vinegar would 

Otte° 

revive one of those that had gone west. Many farmers 
abandoned the radio after changing the B-battery perhaps 
two or three times, concluding that radio was too expen-
sive, after all. Some cutting-edge farmers had Delco 32-
volt d-c power setups on the farm, and after the milking 
machines were shut off in the evening, the innovative 
farm kid could hook up a three-dialer to the 32-volt sys-
tem, tapping off the bottom-most three glass battery jars 
for the 6 volts needed for the A-battery supply. Sure, the 
set didn't have much volume when the only B-supply 
was 32 volts, but then you wouldn't want to wake up 
Mom and Dad, anyhow. 

Continued in November. 
Reference: 
[1] Ours was typical of western Pennsylvania farms, for 
which Rural Electrification came too late. It ran smack 
into Lend-Lease and a huge copper shortage, so the plan 
was stopped in 1941, to be resumed after 1946. 
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Farm radios seldom got into the news, but once 
in a while, Radio News would run a special short 
article on them, this one in 1932. 
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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. 

REPRO Clear Plastic Dial Covers - 
$18.00 ppd - . Free mounting in your 
bezel (add $2.60 for Priority Mail 
return shipping). Send Model number 
and tracing or bezel. Mark 
Palmquist ,Retro Radio Repair, 5033 
Arbor Lane, Lilburn, GA 30047 (770) 
923 - 8929 www.jmpalm. 
home.mindspring.com 

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. Bob Eslinger/ 
KR1U, ANTIQUE RADIO 
RESTORATION & REPAIR, 20 Gary 
School Road, Pomfret Center, CT 
06259. Hours: 9am-5pm eastern, 
Tuesday thru Saturday. Telephone/fax: 
860 - 928 - 2628 . E-mail: 
bob@oldradiodoc.com. Please visit 
our website www.oldradiodoc.com. 

Free Services: John Okolowicz has 
created a really neat on-line radio 
database. See the web address below. 
You can type in a radio's tube lineup 
and it will spit out all the models with 
that tube lineup. Very handy! The web 
site is: www.grillecloth.com/sylvania/ 
tubelist.php 

For Sale: Heathkit TC1 tube tester, 
good condition, with manual and 
accessories, $25 postpaid. Heathkit A-
1E audio amplifier, chrome chassis, 
good condition, with manual, $25 
postpaid. Ken Greenberg, 4858 Lee 
St., Skokie, IL 60077; 847-679-8641. 

Wanted for the Radio & Television 
Museum's shop: photocopy of manual 
(or original) for a Hickok Model 121 
Cardmatic Tube Tester, Version 1. 
Wanted: Red pilot light jewel for 
Philco 40-201 console. The same pilot 
light cover was used in most 1940 
Philco consoles. Fits into — 1/4-inch 
hole in cabinet. Will pay $5 for one. 
Brian Belanger (see page 2 for phone 
and email). 

For Sale: 24 CX-301A tubes. Each or 
all to highest bidder. Lt. Col. Alfred A. 
Blanco (Ret.), 204 Henrico Road, 
Front Royal, VA 22630, (540) 635-
6996. 

FOR SALE: Zenith Transoceanic 
Radio model 8G005. The radio is in 
working condition. Case is in good 
shape with little wear. Set includes 
the Wave Magnet antenna and original 
user instruction manual and unused log 
book. $ 100 OBO. Please contact Jim 
Walch at jwalch@mitre.org or 304 
725-5682 (evenings) 703 983-6810 
(work). 

WANTED, Any or all of: A Dicta-
phone Dictabelt Dictating Machine 
with microphone and any accessories 
including Dictabelts for these 
machines. A gray audiograph disk 
dictating machine and disks. Reels of 
paper tape with iron filings pressed 
into the paper for recording audio. An 
Edwards M-75 subminiature recorder 
& tapes. A Minifon miniature wire 
recorder and reels of wire. James 
Reames, jim@jbrtech.com, or (cell) 
703-625-2763 

For Sale: Zenith Model K731 AM/FM 
Table Radio with AFC. It is a K707 
Chassis with 7 tubes and a separate 
tone control. The cabinet is in 

excellent shape but the speaker grill 
cloth is slightly frayed at the bottom. It 
works well but has some hum and the 
volume control is scratchy. Overall 
dimensions are 16" W x 10" H x 8" D. 
David Weinreich at (301) 874-5521 or 
david.weinreich@ globalstar.com 

For Sale: NEW ITEMS!: Mask/gasket 
for Philco Shadow Meter, rubber 
grommets and washers for Zenith, 
Philco, Crosley, RCA. Corner rubber 
supports for Philco chassis. Rubber 
feet for Crosley "Dashboard" radios. 
Reproduction knobs and push buttons. 
Knobs for Pilot TV-37 and Motorola 
VT-71 & VT-73 Televisions. Also 
CD's and DVD's or radio printed 
material. Go to www. 
renovatedradios.com or call (586) 876-
9802 for more details. Ed Schutz 
blacksmithl@wowway.com. 

For Sale: AK 55C in Kiel table. Good 
original finish. No veneer issues. 
Extremely clean and complete inside, 
with all tubes. Perfect speaker cone. 
Original hang tag paperwork with sale 
date of December 24, 1929. Will not 
ship but can be delivered to MAARC 
meetings, Kutztown, RadioFallFest. 
First $ 160 takes it. Wanted: Near-mint 
Sony TR-55, $8,000. Near-mint 
pearlescent Regency TR-I s: Meridian 
Blue, $ 1,500; Pearl White $ 1,800; 
Pink $2,400; Lavender, Lime, $3,000. 
All pearlescent TR-I s wanted, any 
condition. Will beat any offer for clear-
case, clear-back, chrome, or Mike 
Todd Regency TR-1. Best prices for 
your exceptional quality, early 
transistor radios and colorful plaskon 
sets of the '30s and '40s. Time Out of 
Mind Radio Books. Paul Farmer, PO 
Box 352, Washington, VA 22747-
0 3 5 2 ; ( 5 4 0 ) 9 8 7 - 8 7 5 9 ; 
oldradiotime@hotrnail.com. 
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At all MAARC meetings, fleamarketing starts an hour or so before the meeting start time. 

Sun., Sep. 21 

Sun., Oct. 19 

Sun., Nov. 16 

Sun., Dec. 21 

Sun., Jan. 18 

MAARC meeting at the Davidsonville Recreation Center, Davidsonville, 
MD, on Queen Anne Bridge Road. This road starts at Central Avenue 
(MD 214) near its intersection with Davidsonville Rd. 1:30 pm. See map, 
P.2. 

RadioFallFest 2008—the last BIG MEET of the season. Huge auction, 
very active flea market that starts as soon as the park opens on Sunday 
morning (try 7:00 a.m.) at the Davidsonville Recreation Center, 
Davidsonville, MD, on Queen Anne Bridge Road. This road starts at 
Central Avenue (MD 214) near its intersection with Davidsonville Rd. 
See map, P.2. 

MAARC meeting at the Davidsonville Recreation Center, Davidsonville, 
MD, on Queen Anne Bridge Road. This road starts at Central Avenue 
(MD 214) near its intersection with Davidsonville Rd. 1:30 pm. See map, 
P.2. 

MAARC meeting at Sully Station, northern Virginia. Map on page 9. 
From Rte 7: Rte 28 south to Westfields, then west to left at second 
intersection (onto Sequoia Farms Rd., Sully Station on right. Flea 
marketing starts at 11:00 and the meeting is at 1:30 pm. 

MAARC meeting at the Davidsonville Recreation Center, Davidsonville, 
MD, on Queen Anne Bridge Road. This road starts at Central Avenue 
(MD 214) near its intersection with Davidsonville Rd. 1:30 pm. See map, 
P.2. 

Mid-Atlantic Antique Radio Club 
do Paul R. Farmer 
P.O. Box 352 
Washington, VA 22747-0352 
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