
 

GOING ORGANIC (WITH FREE-RANGE TRANSFORMERS)  

BY ED LYON 
 
This piece had its genesis in a junk box lot bought by the author at a MAARC auction perhaps ten years ago, 
probably for a dollar or two, bid on because it had a couple of old 1920s phone jacks in it, partially wired to 
other things, but in decent shape, and with DPDT switches in the jacks for switching out further stages in old ra-
dios, for instance, when phones were plugged in.   But there were surprises in the junk box, too…… 

T 
HE rest of the stuff in the box sat around for a 
while, and was later sorted into other boxes, 
almost with some logic behind the sorting, 

that logic long since forgotten. One pair of seemingly 
identical small chassis in the box went into the audio 
transformer bin in the basement, because these 
chassis had a good number of what looked like audio 
transformers on them.  Last year, in going through 
this bin of old audio transformers in preparation for 
the 2015 RadioActivity radio repair seminar, the 
author ran across these two chassis, and put them 
aside for study, as their transformers were highly 
unusual.  Fig. 1 is a photo of one of the chassis, 
showing the group of ten transformers.  These ten 
small transformers were mounted on only two iron 
core assemblies, five to each core.  The two 
assemblies look identical, down to the numbering on 
the transformers.  All ten transformers were 
outwardly similar, with standard wire color-codes for 
interstage audios, red = B+, blue = plate, green = 
grid, and black = grid return. 
 
 Now, a common design for an audio transformer, 
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like that in Fig. 2, has a core made up of E-shaped 
and I-shaped iron laminations, which would fit 
together as shown in Fig. 3.  Note that this 
arrangement, which is almost standard in audio and 
power transformers, leaves two “windows” for 
containing the transformer primary and secondary 

(Continued on page 3) 

Figure 1. Underside of chassis, showing the two 
five-transformer assemblies. 
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windings.  The beauty of the E-and-I core design is 
that the E and I laminations can be slid into the 
bobbin on which (and after) the primary and 
secondary windings have been machine-wound, as 
shown schematically in Fig. 4. 

(Continued from page 1)  
But the iron core laminations of the strange 
transformer assemblies found on those two chassis 
have 10 windows, not two, so that they hold five 
bobbins, each wound with a primary winding and a 
secondary winding (wound over the primary), thus 
making up five complete and almost independent 
transformers.  The five transformers share 
intermediate iron core legs, those that lie between the 
bobbins.  This means that each transformer, energized 
by itself, might be efficient and might command good 
audio quality, but would be influenced by the other 
transformers, if they were to be energized.  
Suspecting that this might be some sort of audio 
mixer, the author traced the chassis circuit, which 
seemed nearly complete, with only a few wires 
sticking out like they usually are, as though groping 
for the components or cables that were cut away in 
removing this chassis from its former equipment. 
 
Each chassis has six octal tube sockets and two six-
pin (older style) sockets.  The six octals were wired 
for 6SN7 or 6SL7 tubes, based on the (intact) heater 
and other-element tube socket wiring, which is 
memorized by everyone who fixed old monochrome 
tube-type TV sets in the glorious 50s.  Many readers 
will remember the 6SN7 double triode as the most 
popular tube in those oldies, with their pinout etched 
in memory: grid-plate-cathode grid-plate-cathode-
heater-heater, from pin 1 to pin 8.  A quick check of 
the wiring showed that these chassis have two 
independent strings of five triodes each, daisy-chain 
coupled down the line, fed at one end by the 
remaining half-6SN7, thought, at the time, to be 
hooked up as an Armstrong free-running oscillator 
[1].  The only coupling between stages is the iron 
core sharing, since each transformer is used in a 
feedback circuit, itself an oscillator.  So, what seems 
to be contained in each chassis is a pair of five-stage 
oscillators, each fed by another rather separate 

Figure 2. Commonplace E&I-core transformer 

Figure 3. How E and I laminations are assembled 

Figure 4.  E and I laminations are alternated in 
most cases, as in Fig. 3, yielding no air gap. 
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each free-running oscillator.  The fourth multivibrator 
in each string, making the lowest octave of notes, fed 
the pedal keyboard, but its C note also fed the lowest 
note on the great manual keyboard. (That model 
Heathkit organ had 37 notes (three octaves plus an 
extra C on the far left) on both great and swell 
manuals, and 13 notes (one octave plus an extra low 
C on pedals.)  In the Heath circuit, various voicing 
circuits, mostly resistance-capacitance combinations, 
were varied by the stop tab-switches available, 
labeled Flute, Diapason, Violin, Trombone, and so 
on, to simulate the coloration given each note by 
various types and combinations of organ pipes.  The 
multivibrators were made deliberately unsymmetrical 
in their square-wave outputs so as to include both 
even and odd harmonics to the basic fundamental 
frequency of each multivibrator.   
 
But here, in the junk-box chassis, instead of 
multivibrator chains, there were these tightly-fed-
back (by transformers) oscillators linked together to 
be synchronized at progressive-subharmonic 
frequencies, and the linking was via the shared  legs 
of the common iron core of the five successive 
oscillator transformers.  And on the bench were four 
such strings (two on each chassis) out of the twelve 
that must have existed in the instrument.  It took only 
a short bit of research to find that these were from a 
Baldwin organ.  The author knew a little about 
several brands of these electronic organs from 
evenings (in the 1960s) assisting a co-worker (Bob 
Dawson, the company bean-counter) with repairs/
upgrades to his ConnSonata organ, probably the best 
of all the electronic organs.  In working on his Conn, 
Bob and the author ran across the other brands’ 
voicing circuits, but never looked into how they got 
their lower octaves from the master oscillators.  As an 
aside, the Conn used mostly loktal tubes, which in the 
1960s were dirt cheap, and Bob was trying to replace 
all his 600-mA heater duo-triodes with 300-mA 
types, to reduce the heat generated in the organ, and it 
involved some minor circuit changes, and 
considerable re-tuning [3]. 
 
Baldwin was a very well known piano manufacturer 
in Cincinnati, and made very fine instruments.  They 
had gotten started in the direction of electronic organs 
long prior to the second World War, most likely as a 
result of the success of the Hammond organ, made 
popular in radio, and used extensively in schools, 
radio studios, and small churches.  The Hammond 
became popular, despite its odd sound (unlike any 
pipe or reed organ, as it was largely mechanical), 

(Continued on page 5) 

oscillator that does not use the iron core, but, instead, 
its own plate and grid windings on a separate core, 
mounted in a shield can. The outputs of each string of 
oscillators (one output lead from each stage) are taken 
from the chassis by one of the six-pin sockets. 
 
What are the two strings of oscillators (on each 
chassis) for?  And to find two of these chassis, 
making up a total of four such oscillator strings, 
seemed unusual, at the least.  One thing seemingly 
missing on both chassis was any appearance of tuning 
capacitors expected at the outputs of each 
transformer.  But, upon close examination, there they 
were – short stubs of former tuning capacitor leads 
that had been cut away – probably the result of Black 
Beauty sickness – and likely why the two chassis 
wound up in a dollar box lot.  In the close 
examination of the chassis, this writer noticed two 
stampings on one end, one near each 6-pin signal 
output plug, one was 6-G, the other 5- G#.  The 
second chassis was checked, and it was stamped 12-
C# and 11-D.  Aha! Musical notes! Not only that, but 
adjacent notes (on an equally-tempered scale) 
labeling the two strings of stages on each chassis. 
 
Suddenly it all looked familiar, like running into a 
long-lost friend or relative – these were tone 
generators for an electronic organ. Each chassis made 
up two adjacent notes.  Assuming them to be on an 
equally-tempered scale, there should be twelve such 
note generators, or six such chassis.  And these two 
were chassis 3 (notes 5 and 6) and chassis 6 (notes 11 
and 12) [2].  Each string of oscillator-like circuits 
made up five octaves of any given note.  Along with 
the initial free-running oscillator that drove each 
string, a total of six octaves of notes would be 
produced.  This writer had built one of those 
electronic organs from a kit back in the 1960s – a 
Heathkit Thomas Organ.  
 
 Heath’s version used transistorized  multivibrator 
circuits in strings of four or five, each multivibrator 
being an R-C square-wave oscillator set to operate at 
half the frequency of whatever square-wave signal 
fed it.  So, in the Heathkit organ, there were twelve 
basic free-running oscillators, each feeding a string of 
four of these multivibrators.  The twelve free-running 
oscillators were permanently tuned to the highest 
twelve notes on the keyboard, running from C7 (on 
the right) down to C#6, covering the twelve keys in 
that octave. This is the highest octave played.  The 
next three lower octaves got their notes from three of 
the four multivibrator frequency-dividers that follow 

(Continued from page 3) 
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inverting and doubling the amplitude of the 
frequency-divided wave and recombining it with the 
original wave at frequency F, the result was a square 
wave with slight sawtooth properties still evident.  
This had the effect of converting a sawtooth-shaped 
organ note, which was rich in all harmonics, to one 
which was made heavier in odd harmonics than even 
harmonics, yielding a hollow pipe-organ-like sound.  
The objective was to require simpler R-C voicing 
circuits, saving costs. 
 
Meanwhile, John Jordan concentrated on the methods 
of frequency-division required to get the lower 
octaves of notes from the highest, free-running 
oscillators, whether they were neon-tube discharge 
oscillators or conventional vacuum-tube audio 
oscillators.  His early work, using multivibrators (or 
flip-flop circuits) yielded waveforms too rich in odd 
harmonics to suit Baldwin management (including 
Kock) who had to do the voicing circuits in an 
affordable way, so he concentrated on other methods, 
those that used and produced triangular waveforms, 
while others, including Kock and Jones, kept trying 
gas tube (thyratron) circuits. Jordan, in 1939, came 
up with a set of L-C blocking-oscillators in which the 
transformers had open cores, resembling simple 
solenoids, which tended to couple to each other.  He 
patented the idea (2,230,429, disclosed in April 1939) 
and then began  refinements, with Jones’ assistance.  
 
But Roosevelt’s Lend Lease contracts, followed by 
actual war production work for the U.S. Armed 

(Continued on page 6) 

because it was small and far less 
expensive than a pipe organ.  It used 
motor-driven shafts on which 
serrated-edge discs were mounted, 
rotating past sensing coils, sort of like 
how early anti-lock brakes worked on 
cars in sensing the wheel rotation 
rates.   
 
Leading the development work at 
Baldwin was Winston Kock and three 
supporting engineers, John Jordan, 
Edward Jones, and Alfred Bissonette.  
Kock had been researching musical 
instruments in Germany, from about 
1932 to late-1934, working with 
academic acousticians who were 
analyzing the “voices” of various 
instruments, including the pipe organ.  
He did not like the political trend gaining momentum 
in that country, and in 1934 he set in motion his plan 
to get back to the US, after filing for an American 
patent on an electronic organ, based on his studies 
and research in Germany.  He assigned this patent to 
Baldwin, it being based on timed neon-discharge 
tubes which excited tuned circuits.  He had found that 
a string of such neon-tube oscillators, each set to half 
the frequency of its left-hand neighbor, and feeding 
its impulse to its right-hand neighbor, could be 
synchronized, through proper R-C and voltage 
choices.  This provided a series of waveform shapes 
whose frequency ratios were 16:8:4:2:1, and he used 
12 such frequency-divider strings for the 12 basic 
notes on an equally-tempered scale. In Germany, he 
had had access to good oscilloscopes (considering the 
time period, about 1933), and found tune-up of these 
oscillator strings relatively easy.  That patent 
(2,046,463) was issued in 1936, well after his arrival 
in Cincinnati.  Meanwhile, his organ voicing circuits, 
used to select the strengths of the various harmonics 
in each note, were covered by patent as well, the 
disclosure for patent 2,048,610 occurring in 
September 1935, and the patent issuing in July 1936.  
 
One of Kock’s patents covers what he (and others at 
Baldwin) called an “outphaser” circuit, in which a 
double triode, like the 6SN7, could be used as a 
frequency divider, waveform inverter, and amplifier. 
It worked with sawtooth-shaped waveforms, which 
were the usual product of Kock’s method of 
frequency division.  By taking a sawtooth wave at 
frequency F, dividing its frequency to F/2, then 

(Continued from page 4) 

Figure 5. Winston Kock’s patent (2,400,309) drawing of an acoustic 
radar, assigned in October 1941 to Bell Labs, his new employer. 
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To see how the chain of transformers works to 
produce the sub-octave frequencies from the master 
oscillator, it may help to look at the schematic 
diagram, one version of which is in a 1954 Bissonette 
disclosure that became patent 2,756,332 in July, 
1956, and was the basis for several Baldwin organs 
after the Model 5.  This schematic is shown here as 
Fig. 7. It differs from the original Jones design in the 
fine tuning of the frequency dividers.  Problem was 
that in all such frequency-halving circuits, and this 
includes the much earlier multivibrator, that if the 
sync signal coming from the input oscillator is too 
robust, it might trigger the divider circuit (in this case 
the next stage common-core transformer-coupled 
oscillator) to respond with a cycle of oscillation with 
each input waveform cycle, instead of with every 
other cycle.  By making the transformer-coupled 
oscillators very highly fed-back, they became 
blocking oscillators, capable of only one cycle of 
oscillation cycle at a time.  Each time they are 
stimulated to oscillate, by the input trigger 
oscillations, they start a cycle, and in doing so they 

(Continued on page 7) 

Forces, interrupted the usual work at Baldwin, just as 
it did in nearly all industries, and the electronic organ 
work stopped, except for some keyboard devices that 
were used to simulate organ music for military 
spiritual-services usage in the field. The war also saw 
Winston Kock move to New Jersey and to a job with 
Bell Labs, first on acoustic designs for radios and 
field telephones, and then on to highly classified 
radar projects.  His transition to radar may have been 
inspired by a patent disclosure he made upon arriving 
at Bell Labs in 1941, for an acoustic radar-like 
rangefinder, shown schematically in Fig. 5.  
 
  Bissonette and Jones stayed with Baldwin, and after 
the war, resumed work on the organ, now made far 
more efficient through the development of better and 
cheaper vacuum tubes.  Jones returned to work on 
strings of sub-octave tone generators, and extended  
Jordan’s idea of coupled inductance transformers 
using regular E-I-core inductors that were clamped 
together so some of the flux in a leg of the core 
would couple into the leg of an adjacent inductor’s 
core, and it was no trick to come up with the design 
of the multiple-transformer scheme found in the 
author’s two Baldwin chassis.  For this design, he 
was awarded patent 2,555,038, disclosed in 
December 1946, and improved by Bissonette several 
times, mostly in ways to reduce the number of high-
cost capacitors needed for tuning the transformers 
(for waveshape) and timing the grid blockage of the 
oscillators (for frequency division stability).  This 
work yielded one patent for him, 2,555,039, disclosed 
in February 1947, and one for John Jordan, who 
incorporated the circuit in a full organ, patent 
2,555,040, disclosed in June 1947 [4].  This organ 
became the very popular Baldwin Model 5 electronic 
organ, depicted in Fig. 6. 
 

(Continued from page 5) 

FOR THE RECORD 
 
The January 2016 meeting of the Mid-Atlantic Antique Radio Club was a swap-meet and auction held at the Na-
tional Electronics Museum (NEM) auditorium (Linthicum, MD) on 17 January 2016.  Approximately 56 mem-
bers attended, with about 30 or 31 taking up the offer of free vending tables, to sell radios and other items of in-
terest.  Many attendees joined or renewed membership in the NEM at the special price of $20 per year, a deal 
which is enjoyed by all NEM, MAARC, and National Capital Radio/Television Museum, as well for member-
ship in any of the three organizations. 
 
Flea Market sales were brisk in areas like vacuum tubes (especially Western Electric types) and fine radios, in-
cluding a couple very clean communications radios and military sets.  A good number of small Bakelite and 
wooden table radios also traded ownership in the meet.  Brian and Domi conducted  the auction beginning about 
noon, at which there were many pieces that had been seen briefly in the morning flea market plus many other 
lots. 

Figure 6. Baldwin Model 5 electronic organ, 1946. 
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drive their grid, and its capacitor, to a fully cut-off 
condition which takes time to bleed off through the 
grid leak resistor.  Tuning such a blocking oscillator 
consists of using a sufficient capacitance across the 
transformer secondary that it makes the proper (fat) 
output waveform, and that it times the grid bleed-off 
voltage so that the input has time to go through 
almost two full cycles, thus ready to react to every 
other input cycle.  This called for specific 
capacitances tuning each transformer secondary.  At 
the same time, far less than the full blocking-
oscillator output waveform  amplitude was needed for 
the subsequent mixing to get the desired pipe-organ 
sound, so that the original Jones patent called for a 
capacitive voltage divider across each coupled-
transformer secondary, reducing the net output 
amplitude, and making it less affected by the stray 
capacitance of the rats-nest of wires from keyboard to 
audio amplifier. 
 
All this reliance on capacitor value selection in the 
fine-tuning of each instrument ran the costs of such 
an organ upward and out of reach of many potential 
customers.  So Bissonette, realizing that the capacitor 
choice was also influenced by the resistance that bled 
off the grid bias of each blocking oscillator, chose to 
select standard capacitor sizes that were factory 
installed, and then to choose resistor values making 
up the voltage dividers at the blocking-oscillator 
outputs so that they provided the right output levels 

Continued from page 6 and simultaneously timed the grid voltage leak-off 
properly for an exact divide-by-two in frequency. 
Swapping two-cent resistors for one-dollar capacitors 
was a Baldwin-bean-counter-friendly move. 
 
The version of the tone-generator chassis that this 
writer had found in the junk-box was later than Jones’ 
earliest patent, and reflected Bissonette’s 
modifications, but lacked all the capacitors, which 
had all been cut away at some earlier life; anecdotal 
comments on the web indicate that many of the 
Baldwin circuits used Black Beauty capacitors, noted 
for their high failure rates after five or ten years of 
operation.  Then,  Ebay was found offering what 
looked like one of these chassis, and the writer bought 
it, but it turned out to be from a larger Baldwin organ, 
one with six stages of frequency-dividers, rather than 
the author’s five-stage units.  To facilitate the extra 
stage on each of the two strings on the chassis, an 
extra 6SN7 socket had been added and the chassis 
was slightly wider than the five-stage model.  And as 
a coup d’etat, the Ebay unit came already re-capped 
with dipped-epoxy Sprague capacitors.  Well, heck, 
nothing could be better than taking a look at a full 
string of octave-separated tones on the Ebay chassis.  
All that was necessary was to come up with was a 
bunch of 6SN7s, a lab power supply, and a ‘scope to 
see the output waves.  And maybe an amplifier and 
speaker to see what it sounds like [5].  
 

(Continued on page 9) 

Figure 7.  The schematic diagram of the five-stage version (as in the author’s chassis) of the Baldwin 
six-octave organ tone generator.  Destinations for many of the numbered leads are in the text, here. 
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voltage to a-c.  The vibrator applied its a-c voltage to 
a transformer to boost the voltage up to B+ levels.  
Then a heater-cathode type rectifier, like a type 84 
(later a 6X5) changed the a-c back to d-c for the B+ 
needs.  All the tubes’ heaters were fed raw car battery 
voltage.  The first change was to convert from the 
heater-cathode rectifier to a cold-cathode gas-filled 
0Z4, reducing the car battery drain somewhat,  Next 
change to the power supply area was to eliminate the 
rectifier, altogether, using a synchronous vibrator, 
instead.  Here the vibrator is actually like two vibra-
tors, actually being a single armature, vibrating as 
usual, but with two separate sets of contacts, one to 
make a-c from the battery supply, the other to convert 
the transformer’s secondary voltage back to d-c.   
 
By this time most cars were using a 12-volt battery,  
and the car radios simply complied, changing every-
thing to 12 volt versions of the previous 6-volt types, 
but then weirdness struck: RCA came out with a 
whole series of 12-volt tubes that required only 12 
volts for B+, as well as for heaters, so the power sup-
ply part of the radio disappeared altogether, except 
for hash and ignition-noise filters.  In general these 
tubes fared quite poorly; for instance, everyone pass-
ing the I-270 spur highway while plying the Wash-
ington Beltway listened to WMAL radio, like it or 
not, because of the horrible intermodulation charac-
teristic of those tubes.  The problem got fixed to an 
extent with newer type tubes, and at the same time, 
the audio output stages were changed over to push-
pull germanium transistors instead of the poorly-
performing 12-volt power output tubes.   
 
The other thing that was happening to auto radios 
was size reduction.  The early types had large compo-
nents, just like the home radios, but the layout was 
quite cramped, in most cases.  By the time of WW2, 
the many handy features, like push-button tuning, 
were added to an already crowded chassis and cabi-
net, itself becoming more complex, if only for better 
shielding against the dreaded spark-plug noise.  Don’t 
be dismayed to open up one of these sets and simply 
want to close it back up and leave it for someone else 
to restore. Get the Rider or Sams sheets out and go 
for it. Our repair-oriented collectors have to roll with 
the automobile-radio punches.  The automobile col-
lectors will be relying on you. 
NNNN 
 

Radio Repair Tips 

T 
HE past month or two has been 
a busy time for some MAARC 
radio restorers.  This editor 

gets calls and e-mails from several, and 
a cluster of help-wanted requests came 
in during and after the big snowfalls in 
January and February.  One problem 
was a bigger-than-life tuning range in 

an FM radio: the stations down near the bottom of the 
spectrum came in right on the proper numbers, but 
then a station right up near the top came in with the 
pointer just a tad past half-way up the dial. Ordinarily, 
the opposite comes about, caused by excessive stray 
capacitance in the local oscillator tank.  This can hap-
pen if the oscillator coil is replaced by one with far 
more distributed capacitance in the winding, or in the 
wiring added in replacing it.  But in this case, the 
gang tuning capacitor seemed to have way too much 
span or capability for capacitance variation.  That is 
usually easily corrected by adding some shunt capaci-
tance, or rebuilding the shunt trimmer capacitor, 
which has probably come apart or become discon-
nected.   
 
This problem was made more evident since it was on 
the 88-108 MHz FM band, where a few pF here and 
there makes quite a large effect.  The repair person 
involved in this radio’s repair had tried many adjust-
ments of the oscillator coil in attempts to get the span 
of the gang capacitor to match the FM dial, so that 
when he did restore the shunt trimmer on the oscilla-
tor section of the gang, he had to undo any oscillator 
coil changes made.  The oscillator coil here was a 
rigid open coil of silver-plated #18 wire, and simply 
expanding its length to reduce its inductance should 
have worked. 
 

T 
HOSE collectors who also restore radios are 
sometimes facing a defunct automobile radio 
to be made functional again.  These radios 

went through some revolutionary changes over the 
years, and if you worked on the kind built in the 30s 
and 40s, you will be surprised at some changes in the 
power supply section that have occurred since then.  
We’re still talking about tube-type sets, here, not solid 
state, although transistors had a way of sneaking into 
what were otherwise tube radios for cars, creating 
“hybrid” sets.  The good-old 40’s  auto radio had 
about six tubes, plus a vibrator, whose job was to con-
vert the car’s 6-volt (or, later, 12-volt) battery supply 

Tidbits 
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Back on the schematic (Fig. 7), it can be seen that all 
the cathodes of the frequency-dividing 6SN7s are tied 
together, and are then wired to a terminal that leads 
elsewhere via wire 36.  The patent text indicates that 
this lead goes to a source of positive voltage, about 
15 volts, which is sufficient to prevent the frequency 
dividers  (which are blocking oscillators) from free-
running, and not really dividing-by-two.  If this 
chassis were to be powered up, a simple resistance 
divider from B+ to chassis (B-) could make up the 
+15 volts for the cathodes, and a low-voltage 
electrolytic cap could keep it from promoting 
extraneous feedback among stages.  Other 
connections to the tone generator can be deduced 
from  the Fig. 7 schematic, viz.: the B+ lead is 
numbered 28 (upper left); lead 18 (bottom left), the 
grid returns, can be grounded for now; and the tone 
outputs are taken from leads 24 (fundamental, upper 
left), and 35, 47, 54, and 62 for successive division-
by-two frequencies.  The trusty Heathkit lab power 
supply was hooked up to the chassis, a few old (but 
tested) 6SN7s were inserted in the sockets, the ‘scope 
was warmed up, and power was switched on. 
 
No smoke….good news…  and the lab power supply 
B+ current meter showed a very low current drain, 
meaning the tubes weren’t working hard (and would 
likely last a long time in an organ using this system).  
First things checked were the operating voltages, and 
all appeared  normal.  At a setting of 250 volts from 
the lab power supply, the plates of the 6SN7 all read 
nearly 220 volts, some slightly higher, some lower.  
So then the scope was connected to the free-running 
oscillator stage, to the plate pin of the tube socket, 
and there it was, a nice sine wave on the scope 
screen.  Setting the sweep speed to 50 µsec per cm, it 
made two complete cycles in 450 µsec, which 
computes to 4444 Hz frequency, approximately.  This 
side of the chassis was marked 11-D; the frequency 
of this D note should have been 4434.925 Hz, 
exactly.  Further checks with the scope, going down 
the line of frequency dividers, showed each exactly 
halved the frequency fed to it.  Figure 8 shows 
examples, snapped with a camera that happened to be 
handy.   The free-running oscillator stage has a screw 
-driver-adjusted mica trimmer capacitor for fine 
tuning, probably adjusted to its proper setting by a 
trained piano tuner or musician. 
 
These electronic organ tone generators produce 
almost sawtooth-shaped output waveshapes, which 

(Continued from page 7) 

are rich in harmonics, and need resistor-capacitor 
filter elements to make the output tones sound like 
they should  (like pipe organ notes).  Most real pipe 
organs, though, also allow playing with a “Celeste” 
voicing activated, and this is something not easily 
done in an electronic organ.  Celeste pipe organ 
voicing emulates a multi-instrumented orchestral 
sound, by duplicating (and sometimes triplicating) 
each pipe, with one (or more) of the group slightly 
off-tune.  The deviation among member pipes might 
be somewhere between a fraction of one Hz and a 
few Hz, but it suffices to make the organ sound like 
two or more instruments played in unison.  One 
reason orchestral music sounds so good when the 
orchestra is large is that the duplicate instruments do 
not all play exactly the same note frequency, no 
matter how hard the musicians try.  For most 
listeners, this adds a richness to the sound that is 
difficult to simulate, without actually duplicating the 
generators of the notes.  For an electronic organ, this 
amounts, effectively, to duplicating (or more) the 
electronics, and in the tube electronics era, that was 
prohibitively expensive.  
 
At Baldwin, the group of engineers originally trained 
by Winston Kock explored other ways of getting the 
“Celeste” sound, involving slight changes in the tone 
combinations already being used in producing 
various organ voicings.  Since the sawtooth-shaped 
waves they already produced in their tone generators 
contained third harmonic energy, they added simple 
R-C filters that selected the third harmonics of five 
entire octaves from the 55-Hz A note to the 1661.22-
Hz G# note, yielding waveforms with content from 

(Continued on page 10) 

Figure 8. Three os-
cilloscope screens 
showing (lower 
trace, all screens) 
the 4434.9-Hz “D” 
note fundamental, 
and, upper trace, 
frequency-division, 
by 2, by 8, and by 
16. 
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165 Hz to 4983 Hz (the third harmonics of all those 
55-Hz to 1661.22-Hz notes).  This resulted in five 
octaves of harmonic signals that were displaced by 0.4 
Hz to about 4 or 5 Hz from five natural keyboard 
octaves from E (at 164.8 Hz) to D# (at 4978 Hz), 
respectively. By resistively adding the third-harmonic 
signals to the respective keyboard notes when the 
“Celeste” stop was engaged, the result simulated the 
pipe organ’s Celeste sound passably well.  Other 
effects, like tremolo, easily produced with a violin, 
consisting of slight variations in pitch (via finger 
pressure) on a repeating pattern (at perhaps 1 to 5 Hz 
repeat rate), were also readily performed by Baldwin 
by “pulling” of the master oscillators in the tone 
generators, usually by low-frequency variations in the 
free-running oscillators’ bias voltages, injected into 
any or all such oscillators via the grid return (lead 18 
on the Fig. 7 schematic).  
 
Other circuit problem facing these engineers included 
how to make realistic keyboard “feel” and contact.  
Real pipe organs use keyboard devices that operate air 
valves admitting air to the pipe(s) selected, and this is 
a process with deliberate “attack” speed, and never a 
snap-switch-like action.  Kock and his followers 
devised slide-type potentiometers in each key that, 
when depressed, lowered the resistance, and when 
fully depressed, shorted out the resistance altogether, 
simulating the gradual attack.  Their problem was 
wear and tear.  The author’s old Heathkit Thomas 
Organ used metal contacts on each key that, when 
depressed, pressed against a bus-bar that was 
insulated with a layer of carbon-laced (conductive) 
soft vinyl plastic, getting a similar effect, including 
rapid wear and tear. 
 
With enough (total of six needed) of these unusual 
free-ranging transformer-bearing chassis, one could 
make up a complete electronic organ. The manual and 
pedal keyboards would be a challenge, probably best 
solved by cannibalizing an old wreck of an electronic 
organ. But, just think: the 36 (or 42, depending on 
which Baldwin model is considered) 6SN7s (plus the 
audio amplifier complement) could go a long way 
toward heating the home on these cold winter nights. 
 
End Notes: 
[1] The transformers for the two free-running 
oscillators must have looked attractive to the former 
owner, because they, with their shield cans, were 
missing. In later paragraphs the reader will see that 
the author bought another similar chassis on Ebay, and 
it was complete, confirming the conjecture that there 

(Tidbits, continued from page 9) had been a free-running oscillator in each string of 
transformer-coupled frequency dividers on the 
original chassis. 
[2]  Apparently, the six chassis were arranged as 
follows: chassis 1 produced the highest pitches,  C 
and B, chassis 2 produced A# and A, chassis 3 
produced G# and G, chassis 4 produced F# and F, 
chassis 5 produced E and D#, and chassis 6 produced 
D and C#.  Website photographs of some Baldwin 
Model 5 organs, for example, show the rightmost 
keyboard key as C, matching this scheme. 
[3] The author’s recollection is that Bob’s organ called 
for many 7N7 loktal tubes, which Bob was replacing 
with type 7F7, cutting the overall dissipation in half.  
These two loktal types are roughly analogous to the 
6SN7 and 6SL7, respectively. 
[4] It might be noticed that although the three patent 
disclosures occurred on three different dates, spanning 
about six months, all three patents were issued on the 
same day, and bear consecutive numbers.  The 
material disclosed in these patents had mostly already 
been incorporated in the Model 5 Organ, first sold in 
late 1946. 
[5] This might make an interesting demonstration and 
discussion for a MAARC monthly meeting 
presentation. 
 
 

Question of the Day: 
Here’s a photo of something that was classified that 
got autographed by several military people, includ-
ing one named Koester (down near the bottom).   
 
Joe, did you have any relatives who might have 
signed this.  Location: Tinian Island; time: August 
1945.  Contact Ed Lyon. 
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I 
N January, this year, an article appeared in this 
journal on the use of demonstration equipment 
to teach radar technology at the college level, 

and in December 2015, Ira Wexler wrote an article in 
Radio Age on the RCA Dynamic Demonstrator, a 
radio-in-a –kit that was useful in teaching the princi-
ples of the circuit.  The two concepts are combined, 
in a sense, in this present article. 
 
By 1958, this author’s employer (ERCO division of 
ACF Industries, in Riverdale, MD) had got a new 
General Manager, an elegant, but bombastic, gentle-
man named George Bernard Shaw, but different from 
the elegant, bombastic, and famous writer of the 
same name.  Shaw felt we had spent enough time and 
research money in R&D of the rediscovered field of 
Over-the-Horizon Radar (OTHR), and it was time to 
produce some radars. Not that any of the time or 
money had come from the company, mind you, as we 
had very carefully spent funds developing the tech-
nologies required to make such a 
radar entrusted to us by agencies 
like the Office of Naval Research 
(ONR) and the Air Force Office 
of Atomic Testing (AFOAT-1).  
At any rate, Shaw directed us to 
propose to AFOAT-1 a network of 
eight OTHR stations arranged 
around the northern hemisphere, 
to be supplemented later by eight 
more, these in the southern hemi-
sphere.  The radars’ purpose was 
to detect and characterize clan-
destine nuclear bomb tests, espe-
cially types of tests that were dif-
ficult for the other technologies already in use by 
AFOAT-1 [1]. The  contract was let, and it included 
not only design and construction of the radars, but 
their installation and ongoing maintenance, plus the 
training of sufficient Air Force officers and enlisted 
men to operate them, on a 24/7 basis. 
 
Designing and constructing the eight radar sets was 
not a huge problem, as we had access to a number of 
engineers and technicians from the relatively under-
employed ERCO Flight Simulator Division, but we 
suddenly realized that we had to train about 100 Air 

Force enlisted men and eight or ten officers, as well 
as a cadre of about 80 or 85 of our own employees, in 
the principles of radar, the peculiarities of OTH 
(shortwave-band)  radar, and the intricacies of ana-
lyzing radar data recorded on magnetic tape and pho-
tographic film.  Our company flooded the newspa-
pers from Pittsburgh to New York in the north and 
from Knoxville to Atlanta in the south with help-
wanted ads, and in the lukewarm economy of the 
time had no problem sifting and hiring the needed 
field-service personnel [2].  So the training began, 
both our own field service men and the USAF offi-
cers and airmen.  We made half-hour-length 16-mm 
sound-tracked movies of our best engineers doing 
chalk-talks and lab demonstrations to cram electron-
ics principles and practices into the brains of these 
fellows, and the USAF officers we trained then 
helped train their airmen. Lab exercises were sched-
uled every day for the next 15 months to give them 
hands-on experience in diagnosis and repair of the 

many radar chassis and subsys-
tems. 
 
One of the young newly-hired 
engineers had bought himself an 
A. C.  Gilbert EREC-Tronic [3] 
radio kit to help him understand 
some of the details of electronic 
circuits, and asked if he could 
bring it to one of the lab sessions.  
We agreed, and he then demon-
strated how it went together to 
make up a simple radio circuit.  In 
this kit were several dozen indi-
vidual components (resistors, ca-

pacitors, RF transformers, tube sockets, etc.), each 
mounted on a plastic base with little metal posts 
wired to the component’s terminals.  Each plastic 
base had two or more little bosses on its bottom side, 
and these fitted tightly into a masonite perf-board like 
the kind you might have on the wall over your work-
bench.   
 
Suggested layouts of the components were shown on 
full-size drawings, and these layouts were optimized 
to keep interconnecttions among components as sim-

(Continued on page 12) 

ELECTRONICS EDUCATION TECHNIQUES – A SEQUEL 
BY ED LYON 

This article follows on the general theme set in January’s Radio Age piece on  teaching radar technology 
through the use of demonstration equipment that employed an analogous medium—in that case, optics.  

Figure 1. Typical components in the 
A.C. Gilbert ERECtronics kits 
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ple and direct as possible, but the kit owner was en-
couraged to vary the layout to see how (and why) 
some arrangements were better than others, both for 
wiring simplification and circuit electronic stability.  
The A.C. Gilbert Company made a dozen or more 
different electronic kits, some as simple as one-tube 
receivers, powered by batteries (recommended for 
beginners), and some that operated on the power 
line, which had a certain level of danger associated 
with their assembly and operation, since the ex-
posed metal posts on the little component modules 
all carried the voltages associated with that part of 
the circuit, and the wiring between components was 
simply by means of insulated wires with bare wire 
spring-clips at the ends.  These clips could possibly 
rotate on the posts and touch other posts nearby, 
especially in the case of 7-pin or 9-pin tube sockets, 
like those shown in Fig. 1 or Fig. 2. 
 
Hazardous or not, we felt these kits offered a good 
chance for the trainees to get some wiring and test-
ing experience before actually getting down to cut-
ting, stripping, and soldering in wires in real elec-
tronics chassis, so we bought several of the kits for 
our students..  One of the airmen stopped by the 
classroom one afternoon, and saw two of the field-
engineers-in-training working with one of the 
EREC-Tronic kits, and mentioned that he had seen 
exactly the same kind of kit used by the Navy in 
their school at Great Lakes Naval Air Station.  We 
figured, “If the Navy uses these kits in training, then 
maybe that would be a source of quality kits for our 
training needs for Air Force and contractor techni-
cians and engineers.”   
 
Our ONR project manager put us in touch with Bu-
Pers, which is Navy talk for the Bureau of Person-
nel, where the Navy’s training business is centered.   
Someone there gave us part numbers and instruc-
tions as to requesting the kits, so we ordered five of 
them called BE-100, made by a company called Sci-
ence Electronics, Inc.(SEI), located in Cambridge, 
MA.  They arrived in a few weeks, and we used two 
of them in training the last of the radar station 
crews, destined for Karachi, Pakistan and Tripoli, 
Libya.  These BE-100 kits could be used to con-
struct and test circuits as simple as half-wave recti-
fier power supplies to complete radios, to radar 
pulse and oscilloscope sweep circuits, very apropos 
for our radar courses.  The two kits we used seemed 
to be similar, using what appeared to be an older 
style component set.  For example, the capacitors 

(Continued from page 11) 

were physically larger and were wax-covered paper 
caps, generally, although some were micas and elec-
trolytics. The other three such kits seemed newer, 
having mostly difilm (like Black Beauties) capaci-
tors which were more compact, and these kits went 
on a shelf, and stayed there for years, finally being 
properly disposed of by government surplus mate-
rial auction, in the late 1970s. 
 
This author bought one of the kits at that auction, 
and it is still complete and untouched.  It must be 
presumed that some of the capacitors must have be-
come leaky by now (many are Black Beauties), but 
all the wires, tubes, and component-modules are 
there, intact, ready for use.  The kit includes the full-
sized templates and  handbook describing the as-
sembly and testing of 21 different circuits, most us-
ing vacuum tubes but several employing transistors, 
also supplied with the kit [4].  About 15 years ago, a 
very similar kit, but in unknown condition, showed 
up at a MAARC auction, and recently, one was of-
fered on EBay for an exorbitant price, BIN. 
 
The kit contains about 12 circuit layouts, ranging 
from a simple amplifier stage to a full radio to a 
complete radar pulse-generation subsystem.  A few 
examples are shown here to give some idea of the 
range of complexity, wiring difficulty and learning 
capability expected of the students.  Fig. 3 shows 
some of the parts being inserted for a complete two-
stage, push-pull-output, audio amplifier, complete 
with its speaker.  The layout for an RF front-end for 
a broadcast-band radio receiver is shown in Fig. 4, 
while Fig. 5 shows the layout for a radar pulser. 
 

(Continued on page 13) 

Figure 2. Some of the circuit layout from Fig. 1. 
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The detailed design of the component modules mak-
ing up these SEI kits is so very similar to that used in 
the contemporary A.C. Gilbert ERECTronic kits that 
it is suspected that they are both the same company, 
or they share the same ownership. Both brands of kits 
used the same yellow plastic bases for the compo-
nents, and both called their little wire clips used to 
connect to the components’ terminal posts “Jiffy-
Connectors.” Both were headquartered in New Eng-
land, Gilbert working out of New Haven, and SEI in 
Cambridge, but later, possibly elsewhere, while their 
company name changed somewhat, to Science Elec-
tronics, division of General Electronics Laboratories. 
   
End Notes: 
[1] Before the contract was let for the eight radar sta-
tions, the AFOAT-1organization  had its name  
changed to the Air Force Technical Applications Cen-
ter (AFTAC), a name it still holds. 
[2] By virtue of a closure of the signals shops of the 
Pennsylvania Railroad at Altoona, coincident with 
our help-wanted ads in that part of Pennsylvania, 
over 50 of our new field engineering personnel came 
from the Altoona area. 
[3] The name EREC-Tronic is thought to have de-
rived from the name of Gilbert’s most popular toy, 
the Erector Set, a mechanical-construction kit made 
up of girders, wheels, axles, bolts, and nuts. 
[4]  Every experiment required some assembly of a 
circuit and measurements of circuit parameters, using 
multimeters, vacuum-tube voltmeters, and oscillo-
scopes, thus providing very good training in the use 
of these instruments. 

(Continued from page 12 
 

Figure 3. Some of the components being inserted 
into the push-pull audio amplifier template. 

Figure 4. Layout template for the front-end of an 
AM radio, including local oscillator, converter, 
loop antenna, and 2-gang variable capacitor. 

Figure 5. Radar pulse generator layout, calling for 
over 75 components to be inserted in the holes pro-
vided, after which wiring and testing is to be done. 
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After powering it I was getting much better B+ read-
ings and static from the speaker but I could not get 
any signal through the set with my signal generator. 
My next stop was over to Jay Forbes house and he 
took a look at it. We were able to pass a signal 
through the set but couldn’t do any tuning so we 
started looking at the secondary of the oscillator coil 
and noticed there were shorts to ground. Now where 
was that coming from? By examining the paint job 
the West Virginia repairman did on the chassis we 
noticed that he had over-sprayed with metallic paint 
two trimmers on the back of the set. We took the 
trimmers apart and dissolved the paint. It still wasn’t 
working and after Jay turned the set right-side-up he 
noticed that the mica wafers for the tuning alignment 
trimmer capacitors on the tuning condenser were 
missing, and both stators were shorted to the frame. 
He handed the set back to me and I went home to 
scrounge up some mica wafers. After an hour of 
looking for my box of mica sheets, I found four wa-
fers that were in my junk box. I replaced the mica on 
the chassis-mounted trimmer pads because they were 
still wet with paint thinner and inserted the mica into 
the trimmers on the top of the gang capacitor and 
powered the set up. 
 
B+ was still a little high but the cathode voltage on 
the 6Q7 cathode was where it needed to be and the 
set was finally playing. After aligning it I called my 
friend to come and pick up this UGLY repair. Thanks 
to Ed Lyon and Jay Forbes for their assistance in this 
effort. 
 
Editorial end note: 
[1]  In this radio, Zenith wanted to achieve a degree 
of “delayed” AVC action.  To do this they leaked 
some B+ to that 6Q7 cathode, via a 80,000-ohm re-
sistor.  That, plus the intended connection of a 590-
ohm resistance from the cathode to ground (B-), 
would yield about +1.5 volts, on that cathode.  This 
would allow the first 1.5 volts of detected signal to be 
developed before any AVC voltage would appear.  
When Geoff discovered the missing ground for pin 1 
of the 6Q7, he was fortunate not to have touched the 
6Q7 metal envelope first, because it had that nasty 
+254 volts on it at that time. [Ed]  

Recently, a radio friend of mine stopped by to pick 
up some parts for a repair he was doing at home. 
Then I got “Oh, by the way, I have a radio in the car 
I’m having problems with. Can we put it on your 
bench and have a look at it?” Ten hours later after 6 
eyes had a look at it and three sets of hands tinkered 
with it, it was playing great and my friend is still 
my friend. Let’s discuss the history. 
 
The set is a Zenith 5-S-127 and I never got to see 
the cabinet. It was being repaired in West Virginia 
by a fairly renowned radio repairman who was fed 
up with it and asked my friend if he could work on 
it. Well, he put in four hours and was still at square 
one so the next stop was my work bench. The Ze-
nith is a pretty simple (but multi-band) set with just 
five tubes; a 5Y3 rectifier, a 6A8 converter-
oscillator, a 6K7 IF, a 6Q7 detector/AVC/1st audio, 
and a 6F6 output tube. The 6Q7 was flat-out dead 
(that should have been a clue). All of the capacitors 
had been replaced so we measured the resistors and 
found the cathode resistor (R7) of the 6Q7 to be 
way out of tolerance so we replaced it and powered 
the set up slowly. 
 
After we got to 60 volts AC on the isolated Variac, 
the B+ voltage was hitting 254 volt DC with the 
schematic indicating 205 volts DC would be nicer 
on the set. Also, the voltage on the cathode of the 
6Q7 was +237 volts DC (ye gads) and there was no 
sound coming from the speaker. We checked the 
impedance of the field coil (which was part of the 
B+ filter) and instead of 2125 ohms, it was reading 
850 ohms. We replaced that with a 2000 ohm resis-
tor at 20 watts and a PM speaker. Now we powered 
the set up again and got the same results. We 
checked the volume control and it was open so we 
replaced the pot and powered it up again with the 
same results. Okay, time to call The Doctor so we 
called Ed Lyon and gave him our symptoms. He 
said it sounded like the 6Q7 cathode was floating 
free, and to check that tube’s cathode resistor  (R7); 
we did, and it showed 590 ohms which was right. 
Now it was time for my friend to go and after he 
left I did some noodling and found that cathode re-
sistor, tied from pin 8 of the 6Q7 to pin 1, was not 
really getting to ground, since pin 1 had a wire to 
chassis, but unsoldered at the chassis end, hence the 
high voltage on the cathode [1]. 

A Restoration Article 

AN UGLY RADIO REPAIR 
By Geoff Shearer 
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Antique Radio Repair :   30 
years experience in repair of 
antique radios and tube equip-
ment.  Reasonable Rates.   Jay 
Forbes, 21128 Stonecrop Pl, 
Ashburn, VA, 20147. 703-729-
9432. Email: jfradio@aol.com; or 
web: www.jfradiorepair.com 
 
F o r  S a l e :  R C A / N i p p e r 
Maintenance mats, new old stock 
(probably 1980s), red vinyl, black 
cloth backing, 51 by 31 inches, 
1.3 lbs. Two Nipper (dog and 
Victrola) logos with words"RCA 
Replacement Parts" in white at 
top and bottom. Mats were 
intended for use by technicians 
repairing electronics in your 
home. Mint, folded in original 
stapled plastic bag, with insert 
printed "RCA Stock # 1F8084". 
Fine display table coverings. $43, 
or two for $78, postpaid in U.S. 
Email or phone for picture or 
more info.  Alan Diamant, 108 
Redwood Drive; Madison, AL 
35758; 256-325-4600, email: 
amdiamant@aol.com.  
 
FOR SALE: VINTAGE RADIO 
& AUDIO PARTS BUSINESS. 
I have been selling radios, audio, 
tubes, Sams, books & parts on the 
internet since 1998 at vintage-
electronics.com & by catalog for 
almost 20 yrs before that. 
However, the warehouse I've 
been renting  is up for sale & I 
might not have a home for all 
these items in the near future so 
it's time to downsize. For that 

reason, & the fact I'm not getting 
any younger, I plan to sell parts of 
the business.  I am offering for sale 
the Parts, Sams & Books segments 
of the business. The prices are 
reasonable for any or all of those 
segments. Contact John Kendall at 
vintel@comcast.net for info.  
 
For Sale: 
 Photocopies of DOD publication 
on tube tester Models I-177, I-
177A, I-177B, and socket adapter 
MX-949/U (the external plug-in 
unit for testing transmitting and 
other tubes with sockets not in the 
I-177). 20-page 8.5 x 11 document 
contains instructions for these tube 
testers and the adapter, schematic 
and other info, and test data for 
many more tubes than are listed in 
the small book in the lid. $8 
postpaid in U.S.A. All proceeds 
benefit the Museum. Check 
payable to NCRTV Museum--mail 
to NCRTV Museum, PO Box 
1809, Bowie, MD 20717. Or, order 
at ncrtv.org and pay via Pay Pal. 
 
For Sale:  Reproduction knobs 
and rubber parts for vintage/
antique radios. (Latest product: 
lever buttons and push-buttons 
for Belmont table radios) See 
www.RenovatedRadios.com to 
see the full selection of radio 
parts. Or call: (586) 876-9802 
(Leave message)  Ed Schutz 
b l a c k s m i t h @ 
RenovatedRadios.com 
 
Vintage Electronic Services: 

Specializing in vintage radios, test 
equipment, and audio.  
** Electrical Repair and 
Restoration  
** Component Rebuilding  
For more information, visit my 
w e b s i t e  a t  h t t p : / /
services.pixellany.com/  
Mark Herring, Annapolis, MD  
443-949-9785  
mark@pixellany.com 
 
Wanted: Junker set--circa 1940 
Sears Silvertone Model 7037 
wooden table radio, Chassis 
141.415. Need dial glass and 
tuning capacitor. Brian Belanger, 
3 0 1 - 2 5 8 - 0 7 0 8 , 
radiobelanger@comcast.net. 

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

Sun., Mar. 20 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Display Table: Radio Station memorabilia 
(mugs,license plates, etc.); Presentation: Randy Warren on 
LP record collecting. 

Sun., Apr. 17 MAARC meeting at Sully Station Community Center, 
Centreville, VA. (map on p. 15)  Tailgating 11:30 am,; meeting 
starts at 1 pm. Display table: Headphones of Note; Program: 
Mike Kendall on Repair of Headphones and Drivers. 

Sun., May 15 MAARC meeting at the Davidsonville Family Recreation 
Center. See p. 2 for map and directions. Tailgating at 11:30, 
meeting at 1:00.  Display Table: Pre WW2 set analyzers; 
Program: D. Rossetti on Navy Tube Testers. 

Thu.-Sat., Jun 23-25 MAARC’s annual summer meet: RadioActivity-2016 and 
Tube Collector’s Association annual meet  at Timonium 
MD Holiday Inn;  RadioActivity theme: Western Electric; 
Full details in blue centerfold sheets, this issue and April 
issue, Radio Age. 

 

Hamfests:  —check the ARRL website, www.ARRL.org 
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Mid-Atlantic Antique Radio Club 
c/o Steve McAllister 
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