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By Ed Lyon 
Part 1 of this series on audio amplifiers appeared in Radio Age 3/. 7. July 2006. 

So what was the magic part of the Marconi-
phone radio's audio amplifier? This was the 
amplifier I copied, more or less, for my physics 

lab project in high school. 

I had been collecting radio bits and pieces for several 
years, and spent many lunch periods at Panek's Radio 
Shop, fixing radios and scrounging parts. The 
amplifier I was building had two tubes plus a rectifier, 
and generally followed the Marconiphone circuit, but 
the components were somewhat different, especially 
the output transformer and the types of tubes. My 
output transformer had come from a Sparton radio 
that used a type 50 output 
tube, so it was fairly large, 
compared to the little ac-dc-
size unit in the Marconi-
phone. Then, following the 
advice of Mr. Panek, I used a 
power transformer, whereas 
Marconiphone had none, 
employing ac-dc-style 25Z6s 
and a 25L6 output tube. I 
used a type 80 rectifier and a 
42 output tube, but used the 
same 6SQ7 that Marconi-
phone had as their first audio 
amplifier stage. This 6SQ7 
was the first metal tube I had 

ever used in a project. It plus its octal socket were 
donated to the cause by Mr. Panek. The amplifier 
was built on a breadboard made of clear white pine 
cut from bin partitions from our farm granary. 

While building the circuit, I noticed what seemed to 
be an unnecessary 2-meg resistor connecting the plate 
of the 25L6 to the plate of the 6SQ7 in the original 
Marconiphone, readily seen in Fig. 1, reproduced 
from the previous episode in this series. I thought 
this resistor was a mistake, so I left it out. The 
amplifier played fairly well, but sounded a bit 

(Continued on page 3) 
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Figure 1. The original Marconiphone radio schematic, at least the audio 
amplifier portion, taken from Rider. 
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(Continued from page I) 
"nasal," which I blamed on the cheap 5-inch speaker I 
used. But changing to a 12-inch public-address 
speaker Mr. Panek was getting ready to install at a 
park pavilion did not help very much; the sounds 
made by the amplifier and big speaker still seemed too 
horn-like. Mr. Panek heard me fiddling with the 
amplifier that day, and hinted that a small capacitor 
from the plate of the 6SQ7 to chassis might cut down 
the highs a bit, and make the thing sound better. 
That's when I told him about the resistor that I left 
out, connected between that same 6SQ7 plate and the 
plate of the output tube. 

His interest peaked at that point. He took a look into 
the Marconiphone chassis and grabbed a 2-Meg 
resistor from the IRC bins. He then touched it 
between pin 2 of the 42 (the plate) and pin 6 of the 
6SQ7. Immediately, the sound coming from the 
speaker dropped in loudness, and got deeper and less 
tinny. "That's feedback," he said. I told him I thought 
feedback is what made oscillators work, and he 
laughed and said that was true for positive feedback, 
but this was negative feedback, instead, and tended to 
make things more stable and constant, and not 
oscillate. "I'll be danged," is all I could reply. 

That started a series of experiments with that 
amplifier. Mr. Panek explained that first, you have to 
build into the amplifier far more gain that you will 
ever need, then reduce the gain by connecting the 
output back to the input with negative (or inverse) 
feedback. Then, if the amplifier internal gain 
fluctuates with power-line voltage, with tube aging, or 
with varying audio frequency in the input signal, the 
net gain with feedback will not vary much at all. So I 
started experimenting with negative feedback. 

But first, let's look at the audio amplifier in a more 
general sense. Fig. 2 shows such a generalized 
amplifier. The negative feedback is shown applied 
around the output portion of the amplifier, and not 
around the whole amplifier. I would learn later why 
this is the usual way amplifiers are designed. First, 
the output stage (or stages) have to produce large 
amplitude waveforms in order to drive the speaker to 
the threshold of pain, and large amplitude signals are 
more prone to distortion by the tubes and power 
supply than small signals. Second, the so-called audio 
mixer stage, or preamplifier, whose function is to 
correct the frequency response to offset the 
shortcomings of the input signal, to add gain, and to 
allow mixing of signals from several sources, should 
not have this carefully-tailored frequency response 

Figure 2. Generic block diagram of an audio am-
plifier, with the usual negative feedback path. 

undone by the democracy of negative feedback. But 
now, back to the experiments on negative feedback in 
my home-brew. 

First, I changed the feedback resistor from its original 
2 Meg to 1 Meg. Dutifully, the amplifier output 
dropped further, necessitating a further twist of the 
volume control, and the sound became more bassy. 
Nonetheless, some of the sounds I hadn't heard 
before, in the upper registers, began coming through. 
The record I was using as a source featured clarinets, 
which I had thought sounded much like flutes, but 
now they had audible initial breath sounds, just like 
live clarinets sounded. 

I had learned to use Panek's precious Dumont 
oscilloscope and started measuring the performance of 
the amplifier with it fed from his audio signal 
generator. With the 1-Meg resistor connected 
between the 42 plate and the 6SQ7 plate, the 
oscilloscope showed that the gain was far more 

(Continued on page 4) 
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(Continued from page 3) 

constant with frequency than with the resistor omitted. 
But a far more subtle change was also evident: simple 
amplifiers, like the one I built, have different internal 
gain values for positive-going signal components than 
for negative-going components, especially in the 
power output stage, where the signals are large. But 
negative feedback, applied around the amplifier, 
reduces this difference by a large factor. I would learn 
later that this gain difference as a function of the sign 
of the signal waveform segment is called a 
nonlinearity, and is what produces harmonic distortion 
(so-called even-order distortion). In effect, it 
produces new signal components not present in the 
original sound waveform. While exercising the 
amplifier with and without the 1-meg resistor 
connected (negative feedback on and off, 
respectively), I noticed another strange effect. 

The 12-inch speaker, out of its wall-cabinet, had been 
carefully set on the bench, well away from where I 
was working (the boss was protecting his speaker 
from dropped tools and the like). I had the ' scope 
connected to the plate of the output tube and was 
observing the nice sinusoidal signal there, and 
listening to the pure tone coming from the speaker. I 
reached over and gently touched my finger to the 
speaker cone, down near the voice coil. The 'scope 
showed a change in the tube's plate signal. Wait, now. 
What the heck was going on? Just touching the 
speaker cone reduced the signal on the plate? I asked 
Mr. Panek about it, and he said something about 
"pickup" of signals by my body, and grounding the 
speaker frame would solve it. No such luck. 
Grounding the speaker frame to the chassis didn't 
change anything. I noticed the feedback was "off," 
meaning the 1-meg resistor was disconnected. I shut 
down the amplifier and soldered the resistor in place, 
thinking the weird body-effect was just another 
electronics mystery. 

To check out the amplifier one last time, I switched it 
on, connected the ' scope and audio signal generator, 
and tried the finger-to-the-speaker-cone test again. I 
had to raise the audio generator level a bit to make up 
for the loss in overall gain that was due to the 
feedback being "on" now. Hmm. No oscilloscope 
pattern difference due to touching the speaker cone, 
this time. I applied some force, trying to muffle the 
tone coming from the speaker. The speaker kept on 
whistling the tone, with no substantial effect from my 
hand on the cone. Mr. Panek, curious at my repeated 
efforts with the relentless tone, came over, and 
together we repeated the last experiment. With the 
feedback "on" the speaker was immune from finger 
pressure on the cone, but with the feedback "off' the 
cone could be damped by finger pressure, and the 
plate waveform showed it. I had discovered another 
effect of negative feedback, an effect I would 
understand a couple years later: It reduced the output 
impedance of the amplifier, as seen by the amplifier's 
load (the speaker). In other words, it "stiffened" the 
amplifier's output circuit. How "stiff' could a type 
42's plate be made to be, through feedback? Well, I 
had to find out. 

So, going another step, I reduced the feedback 
resistance again, this time to 470K ohms (from 1 
Meg), and the amplifier gain dropped again, but 
sounded even better. We disconnected the audio 
generator input and hooked up one of the boss's 
microphones and its little pre-amp. Mr. Panek 
remarked that the homebrew amplifier, fed from his 
Shure 556 microphone, sounded far more realistic 
than the Bogen 15-watt amplifier (like the one shown 
in Fig. 3) he was testing on the bench, getting ready 
for its use at the pavilion. Now, however, I had to 
crank the volume control almost all the way up to get 
the same loudness I had originally. The boss was 
right: you have to build in far more internal gain than 
you need, so the negative feedback can be used to 

(Continued on page 5) 

RADIOACTIVITY-2006 GLIMPSES: 
One of the highlights of RadioActivity-2006 
was the grand banquet on Friday Evening, 
which featured a very well researched talk by 
Brian Belanger on the history and products of 
the Emerson Radio and Phonograph/Television 
Company. The man who made Emerson so big 
in the industry was Ben Abrams, whose daugh-
ter, Cynthia Hochman, graced our banquet and 
gave a talk to complement Brian's presenta-
tion. Here she is at the Emerson exhibit, and in 
the inset, Cynthia again, in an Emerson TV ad. 
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(Continued from page 4) 

reduce it to what you really want. The amplifier and 
speaker sounded great, but not as loud as I wanted. I 
needed more basic within-the-feedback-loop gain. 

Figure 3. Bogen amplifier of the 1940s era, good 
for general public address use, but without nega-
tive feedback 

With the boss's interest in the amplifier now 
increased, I talked him out of another 6SQ7 and 
socket, so I could mount another stage of audio 
amplification on my breadboard. But there were 
conditions: I had to use my original 5-inch speaker, 
not his 12-inch beauty, and if I was going to succeed 
so well with more feedback, he set my goal to make 
the 5-inch speaker sound like a 12-incher. But, now, 
where to apply the feedback? Leaving the resistor 
where it was put feedback only around the power 
amplifier stage, and I would have two other stages 
sitting there waiting for some feedback. I built up the 
extra stage of amplification and was about to try the 
setup, so I could experiment with where to put the 
feedback circuit. Connecting (via a resistor) the 42 
plate to the plate of the first (of two) stage amplifier 
was positive feedback, as a quick check showed (the 
loud squeal sure caught my attention!). Time for a 
little thought. 

Not thinking of the ultimate need to consider the input 
stage I had just added as a pre-amplifier and 
frequency equalizer, I wanted to apply negative 
feedback around ALL the amplifier components that 
were likely to suffer variations with frequency, 
temperature, age, power-line voltage, etc. I didn't 
realize it at the time, because I hadn't thought about 
the generic block diagram (Fig. 2) at all. I wanted to 
include the output transformer and all the amplifier 

stages in the feedback loop, so as to correct 
everything that was imperfect. Typical teen-ager 
idealism, I suppose. 

The beauty part (and it hit me at the time) was that if 
this turned out to be positive feedback, causing 
oscillation, I could always reverse the output 
transformer connections, and thus reverse the 
feedback polarity. What a deal! So I grounded one 
side of the voice coil winding of the output 
transformer, and connected the other end of the 
winding back to the cathode of the first 6SQ7, via a 
resistor. I started with 27K ohms, and found I had a 
very sensitive audio amplifier that was good from 
about 200 Hz to about 4000 Hz. Sort of like your 
average table radio, but loud as blazes. Cutting the 
resistor down to 10K flattened the response to extend 
from about 70 Hz to well over 15,000 Hz, and made 
the amplifier sound pretty darn good. Cutting the 
resistor down to 1.5K ohms extended the response 
even more, but before I could measure it with the 
'scope, I noticed the speaker cone breathing deeply, at 
about 2 or 3 deep breaths per second, after which it 
quit altogether. 

The aerobic exercise to which I had subjected the 
speaker had un-stuck the glued-in corrugated "spider" 
that centers the voice coil, and left the voice coil 
jammed in the magnet slot. Oops. Something 
must've gone positive in the feedback system. 
Luckily, I hadn't ripped out the voice coil wires, so 
the speaker was easily repaired. Time out for some 
speaker rework. Panek was chortling, over by his 
bench, as I broke out the GC repair kit. 

So here was a dilemma: connecting the transformer 
secondary one way was clearly positive feedback, and 
connecting it the other way (reversing the 
connections) also produced positive feedback, but at 
some very low frequency, certainly not audible, but 
very physical. It would be a couple years before I 
would understand this phenomenon, described 
mathematically by Harry Nyquist. 

Mr. Panek didn't quite understand it, either, but he 
was on the right track. He thought there was a phase-
shift problem somewhere, and the ' scope would help 
find it. We carefully got out the precious 
oscilloscope, and he showed me how to use it to 
measure gain and phase shift, both at the same time. 
In what I would much later realize were primitive 
'scopes like his Dumont, you would feed one signal, 

(Continued on page 6) 
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(Continued from page 5) 
say, the amplifier input signal, into the Y-axis input, 
and the other signal that needs to be compared with 
the first, say, the amplifier feedback voltage, into the 
X-axis input. But first calibration of the 'scope is 
necessary. The 'scope gain controls (X and Y) are 
adjusted to get a convenient display when both X and 
Y inputs are fed from the same signal. 

If both signals fed to the 'scope are identical, you get 
a straight line sloping upward at about 45 degrees 
slope. If the signals are inverted, one with respect to 
the other, the line slopes downward at about 45 
degrees. The ideal negative feedback system will 
always show the fed-back voltage as opposite in phase 
to that of the input, as measured at the place the 
feedback is applied, no matter what signal frequency 
is fed into the amplifier. 

But the practical amplifier cannot amplify all 
frequencies efficiently, and as the signal frequency is 
lowered below some point, the amplification or gain 
drops off. The same thing happens as the frequency is 
raised above some high-frequency limit. The rub is 
that all drops in gain are accompanied by shifts in 
phase. What is hoped for in a practical negative-
feedback amplifier is that these drops in feedback-
path gain bring the gain to some value less than one at 
the frequency at which the phase shift turns 
completely around from 180 degrees (input and output 
inverted with respect to one another) to zero degrees 
(input and output in-phase). The rate at which the 
phase varies with frequency depends on how many 
capacitors and inductors are used in coupling the 
amplifier's stages together. 

The phase shift occurs both at the high-frequency end 
of the spectrum (due to capacitance in shunt with the 
various coupling junctions in the amplifier) and at the 
low-frequency end (due to the coupling capacitors), 
and in my amplifier, the phase shift turned completely 

around at some very low frequency like a few cycles 
per second, but the gain stayed at or above unity. The 
cure was to reduce the feedback-path gain, by raising 
the feedback resistor back up to a reasonable value, 
somewhere between 2.2K and 10K ohms. 

What I learned was that the more stages one has in the 
feedback amplifier, the more likely will be the rotation 
of phase around to the positive-feedback condition 
while the gain stays dangerously high. The way to fix 
this problem is to reduce the number of stages in the 
feedback loop, or to get rid of the phase-shifting 
components in each stage, like coupling capacitors 
and interstage transformers, or to do both. Each 
interstage coupling has an opportunity to shift the 
phase, and at the same time, reduce the internal gain, 
at some subaudible or superaudible frequencies. 
Several such interstage coupling networks can 
accumulate a significant phase shift before the net 
internal gain has dropped very far. For example, a 
capacitor-resistor combination will show a 45-degree 
phase shift at that frequency where the signal loss in 
the combination is but 30 percent. Two such 
networks, separating three stages, for example, will 
show a 90-degree phase shift at that frequency, and a 
loss of only 50%. Add this to the output transformer 
coupling, and you can have a net shift of 180 degrees 
in phase, and a total loss of about 75%. So if the 
initial voltage gain of the whole amplifier plus the 
feedback resistor-divider was, say, 8, the result at a 
low frequency where these coupling values happen to 
fall is a net gain of 2 and a phase shift of 180 degrees, 
certainly an unstable condition. 

What is needed is to make the coupling capacitor-
resistor combinations different for each stage, and to 
insert other coupling schemes that cause loss of gain 
while not continuing to shift the phase as the 
frequency is further lowered. Or, a simpler method is 
to apply feedback only over shorter paths, where the 

(Continued on page 7) 

FOR THE RECORD: 
The Mid-Atlantic Antique Radio Club had the August meeting at the Davidsonville Family Recreation Center in 
Davidsonville, MD on the 20th of August 2006. The membership who attended were saddened to hear that just 
days earlier, long-time member Larry Williams succumbed to the effects of cancer, and a group of members 
were asked by the Williams family to take much of Larry's work-in-progress radio equipment to the MAARC 
auction for disposal. A presentation, already scheduled for the meeting, was abbreviated and presented by Ed 
Lyon on "How FM Really Works." There was a brief Show-'n'-Tell arranged by Willie Sessoms, and the auc-
tion of the Larry Williams equipment got underway, with Col. Brian Belanger in charge. About 60-65 members 
were present, most of whom stayed beyond the usual outdoor tailgating that preceded the meeting. Approxi-
mately $457 was realized for the club from the auction. Many thanks go out to Paul Farmer, Jim Privitera, Steve 
McAllister, Domi Sanchez, and Steve Hansman, for all their work in arranging and hauling Larry's stuff to the 
auction. 
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Figure 4. The universal direct-coupled amplifier I used for many projects in a sonar program, and which 
was extremely useful for low-level amplification for hi-fi projects. 

(Continued from page 6) 

number of interstage networks is limited to two per 
feedback loop. What I did was simply reduce the 
amount of feedback, taking the easy way out. The 
result was that I didn't get as much benefit from 
negative feedback as I could have, and the 5-inch 
speaker never matched Panek's 12-inch unit. 

Quite recently, I repeated this exercise, using a 
Gibson guitar amplifier that I had to open up to re-
cap. With a 6-inch Jensen speaker connected to the 
heavily fed-back amplifier, I could get the tone, 
volume, and clarity that exceeded that from the 
Gibson (Altec) 12-inch co-axial speaker that came 
with the amplifier. Of course, I returned the amplifier 
to its original configuration before buttoning it up for 
the owner. 

Back in Ambridge, PA, The high-school physics class 
was unimpressed with my electronics kit, and showed 
no interest whatever in the notion of feedback, until I 
mentioned the damage one could do to a speaker if 
the feedback became reversed at some very low 
inaudible frequency. Most of the guys were keen to 
see a speaker get destroyed, but that was the limit of 
their interest in electronics. 

Within a year or two of that experience, I would be in 
college and working on a Navy project dealing with 
underwater sound. This called for the design of a 
large variety of amplifiers, practically all of them 
having negative feedback in order to stabilize their 
gains as functions of signal frequency, power supply 

characteristics, aging, and normal circuit variations. I 
had learned from the high school experience that one 
way to avoid the low-frequency conversion of 
negative feedback into damaging positive feedback 
was to eliminate all interstage coupling capacitors. 

Yes, eliminate them, so that all signals at low 
frequencies, all the way down to zero frequency (d-
c), would be amplified equally. One configuration I 
settled on quite early in 1949 was an expansion on a 
circuit I had run across in a lab vacuum-tube 
voltmeter I had to repair. The amplifier circuit is 
shown in Fig.4. We will start the next part in this 
series with this amplifier as a basis for some audio 
amplifiers, but first, a few words about what it is. 

Note that there are two ways signals enter this 
amplifier. One is the normal input terminal at the top 
of the gain control, RI. The other is at the bottom of 
that gain control, and that signal comes from the 
amplifier output terminal! That's the feedback. So 
the gain control can be set for the amplifier to take in 
as much or as little of the input signal as desired, and 
at the same time it takes in a complementary level of 
the output signal. The amplifier has a cathode 
follower as the input stage and another as the output 
stage. The two-triode front end is what I adapted 
from a vacuum-tube voltmeter circuit I had to trace, 
for lack of a schematic. Note that the outputs of each 
stage are connected directly (or through resistors or 
batteries) to the next-stage grid, allowing amplifica-
tion of signals from dc to several MHz. •••• 

Continued in Part 3 of this series. 
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THE RADIO WORLD OF BILL AND JOE-1 
BY WALTER LINDENBACH 

This is a series of articles Walter started for the New Jersey radio club that fell on hard times recently, and 
so he offered it to Radio Age, for which we are thankful. We hope the readership likes the light treatment of 

the technical side of radio restoration afforded by Bill and Joe. 

Resisting: Part 1 

"That's better," said Joe, "You know what he was 
going to call this thing?" 
"No," said Bill, "What?" 
"'Fixing Radios in 2 1/4 Easy Steps.' I told him that 
was stupid; fixing radios isn't easy, and if I was go-
ing to show up in this here scribble of his, the thing 
had to have a proper name. So he changed it." 
"Who's 'he'?" Bill wanted to know. 
"Well, the guy who's writing this thing. I told him 
about those two old boat-anchors that have been 
giving me headaches. And he told me that you 
knew quite a bit about radios, and that maybe you 
could help me with them." 
"He did eh? Must be a smart feller. Hey, what's 
that other title thing up there? It says 'Resisting'." 
"Oh yeah," said Joe. "He said that I ought to know 
about resistance. You know about that stuff'?" "Yes, 
a bit. What do you want to know?" 

"Well first, why do I want to know about it?" 
"Because old radios have old resistors, and their 
resistance values may have changed. That means, 
you have to find and replace them with resistors of 
the right value." 
"What is resistance? What does it do?" 
"Resistance resists" said Bill, and stepped back to 
avoid a swat from Joe. 
"Gee, thanks all to pieces, buddy." growled Joe. 
"Sorry, couldn't resist," said Bill, grinning wickedly. 
"Now, suppose I asked you for a $ 100 loan. What 
would you say?" 
"I'd ask you what you've been smoking." said Joe. 
"Uh huh," said Bill, "So you wouldn't take me seri-
ously?" 
"Of course not! What ever are you getting at, Bill?" 
"Just this. You are resisting my attempt to make 
money flow from your pocket to mine. That's resis-
tance." 
"So, you're gonna tell me that resistance stops 
things from flowing, and electrical resistance stops 
electric current from flowing, huh?" 
"Pretty close. Resistance doesn't stop current flow, 
but limits it. So, the higher the resistance, the 
smaller the current flow. When the resistance is 
infinite, there is no current flow." 

"Ah-hah!" said Joe looking quite satisfied with him-
self. "So what happens if there is no resistance?" 
"If there is zero resistance, the current would be 
infinite, and that would be a bad thing because the 
universe would blow up, and you couldn't ask any 
more questions." 

Joe looked as if he might get uncivilized again. "Are 
you serious?" 
"Yes, I am. But don't worry. It's impossible. There 
is always some resistance." 
"Well, that's a relief! You got any more good news, 
professor?" 
"No. You're doing fine, Sonny. Just one sugges-
tion. You need a thing to measure resistance. It's 
called a multimeter. You have one?" 
"Nope, and why is it called a multimeter and not a 
resistance meter?" 
"Because it is a box with more than one meter in it. 

(Continued on page 9) 

For those readers who may NOT be 
members of the Mid-Atlantic Antique 
Radio Club, and who would like to 
receive Radio Age EVERY MONTH, 

here's a 
Radio Age Bonus Offer! 

One Month FREE for Early 
Renewal or First-Time! 

If you renew your MAARC membership before 
the month shown on your mailing label 

(your expiration month), or if you start a new 
membership, you will receive an extra month of 

Radio Age! 
13 issues for the price of 12, 25 issues for the 

price of 24, etc. 

- 

Check your mailing label and renew or start 
early—don't miss out! (Renewal notices are 

mailed 30 days before your renewal month.)IM 
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(Continued from page 8) 
First, there's a voltmeter. It measures volts or volt-
age—same stuff. It is a unit of electrical pressure 
that pushes the current along." 
"Sort of like water pressure; pounds per square 
inch?" 
"That's it, same idea. Then there's an ohmmeter, and 
it measures resistance in ohms. Resistance limits the 
amount of current that can flow. Current flow in am-
peres is like gallons per minute. Think of a 1/4 inch 
diameter pipe and a 2-inch diameter pipe. The small 
one will let less water flow than the big one even 
when the pressure is equal. So we could say that the 
small pipe has more resistance than the big one." 
"So, there are resistors with lots of resistance and 
some with little resistance, huh?" 
"Exactly. Large resistances and small resistances." 
"Does this have anything to do with their physical 
size?" 
"Not a thing. Very big resistors can — and usually do 
— come in very small blobs, and small resistors can be 
really big chunks. Now the multimeter, along with a 
voltmeter and an ohmmeter, has an ammeter which 
measures amperes of current flow — like gallons of 
water per minute — remember? Actually, it's cou-

tombs per second. One coulomb is a great bunch of 
electrons. The number is 624 with 16 zero's after it." 
"Whoa, that's a bunch. You must have been tired 
after counting them." said Joe. Then: "Let me guess. 
If you have more pressure — pounds per square inch — 
voltage — and less resistance — that's a bigger pipe — 
you'll get more current — gallons per minute — amps., 
or amperes which are coulombs per second. How'm 
I doing, Prof?" 

"OK. But you have to remember, too, that the mul-
timeter measures small parts of an ampere, too. It 
can be set to measure currents as small as a few mi-
croamperes, and those are millionths of an ampere. 
Well, anyhow, you want a multimeter. I use one from 
Fair Radio that cost $ 10, and it's good. It's called a 
20 Range Multimeter, type number DVM830. Any-
thing like it will cost you $50 or more at the local 
radio shops. And this one will do some more things 
as well." 
"$10, huh? Yeah, I can spring for that. Can I see 
yours?" 
"Sure." Said Bill. "Come into the workshop." 

To be continued in November . . 

MA BELL TO THE RESCUE 
By Ed Lyon 

1- N the early days of broadcasting, the Federal Radio Commission was deluged with applica-
tions from would-be broadcasters, and the pub-

lic was deluged with new magazines and journals to 
educate them about this new marvel. None of the 
would-be broadcasters had a coherent idea about 
how they were going to pay for the broadcasting 
equipment, the operations, and, especially, the per-
formers. And apparently the magazines all had axes 
to grind in this respect. Each had some idea of how 
to pay for broadcasting, but practically nobody 
wanted broadcasting to be put on a commercial ba-
sis. Nobody seemed to like advertising as a way of 
paying the bills. 

The first several issues of Radio Broadcast (in 
1922), for example, carried articles on "Who should 
pay for broadcasting?" And they had answers, too, 
all different, and all somewhat distasteful. One 
method suggested, and repeated in the magazine 
American Radio Journal (June 15, 1922 issue), was 
to "... organize the trade and tax the members in one 

way or another so that a group of stations will be 
appointed to render programs on a basis of merit. 
This means taxation for the manufacturer who 
makes the equipment, taxation for the jobber and 
distributer,... and taxation for the dealer who sells 
[radios] to the public. All of it must eventually be 
paid by the consumer." Another method suggested 
by the American Radio Journal, and also mentioned 
in Radio Broadcast, was to get municipalities to 
"handle" the programs on a civic entertainment ba-
sis. A third method was to get a huge corporation 
(General Electric was mentioned) to underwrite the 
costs, paying it out of revenues from products sold 
to the public. 

What was missing in all these ideas, of course was 
the long term cost. Paying a tax on a new radio pur-
chase might look good for the broadcaster for a few 
months after the tax money is collected, but what 
about ten years later, when that paltry tax had long 
ago been consumed by high-paid radio talent? At 

(Continued on page 12) 
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rr HE piece in this issue on hi-fi 
1 reminds me that there was a time 
when some intrepid broadcasters 
wanted to get hi-fi music out into the 
public, and they petitioned the FCC to 
allocate a part of the AM broadcast 
band to that end. This was in late 
1933, when receivers were generally 
horrible, providing a net audio 

spectrum that extended from maybe 200 Hz to 3000 
Hz, and not uniformly, either. The loudspeakers of 
the day were not very good, most of them suffering 
sharp resonance around 300 Hz. Scott, Silver, and a 
few others were building better receivers, but 
broadcasts were limited in quality by equipment and 

regulatory restrictions in bandwidth and dynamic 
range. Nonetheless, the FCC did something about it 
in December 1933, by allocating an extension of the 
upper end of the broadcast band for high fidelity 
broadcasting. Specifically, three allocations were 
made, on 1530, 1550, and 1570 kHz. 

Stations were invited to apply for licenses to operate 
at 20 kHz bandwidth in this new region, from 1500 to 
1600 kHz. The usual broadcast allocations were 10 
kHz in bandwidth, so this allowed extension of the 
high end of the audio spectrum to 10 kHz, and, of 
course, the FCC recommended extending the low end 
of the audio span as well, to something below 100 
Hz. By January 1935, one experimental station, John 
V.L. Hogan's W2XR in New York City, had taken the 
plunge, operating on 1550 kHz. This station had to 
be designed from the ground up with hi-fi in mind, 
and the four transcription turntables, for example, 
were modified to use the new Brush crystal 
transducer cartridges, and all microphones were 
changed to crystal type, in an effort to raise the upper 
frequency limit of the devices. 

Not all receivers could tune to that frequency, since 
many of the older sets using triodes couldn't easily be 
tuned above 1500 kHz, and so articles began to 
appear in Radio-Craft and Radio News on how to 
modify these radios for coverage of the new band 
extension. By mid- 1938, such articles were still 
being published, and one piece in the July 1938 issue 
of Radio-Craft noted that at that date, only four hi-fi 
stations were on the air, WQXR (which had been 
W2XR) in New York, WBRY in Waterbury, 
Connecticut, IOCBY in Kansas City, Missouri, and 

KPMC in Bakersfield, California. Two (IOCBY and 
WBRY) were on 1530 kHz and the others were on 
1550 kHz. It is not certain that any station ever took 
the hi-fi assignment at 1570 kHz. WQXR was early 
to join Armstrong in his FM crusade, and still 
broadcasts classical music on WQXR-FM, claiming 

the largest audience of any classical music station in 
the country. This probably doesn't sit well with our 
own WGMS (103.9 and 104.1 on the FM dial), who 
claims to have the highest Arbitron rating of any 
classical music station in the country. 

AND, coincident with the FCC's attempt at 
providing the spectral space for AM stations 

broadcasting true hi-fi music was the publication of 
a series of articles by Stuart Ballantine in the 
Proceedings of the IRE (1935) on what constitutes 
true hi-fi radio. And Ballantine was not alone in his 
very detailed article, which covered the necessary 
constituents of a broadcasting station, a receiving 
set, and a listening room or hall. In the same 
publications were articles by Harold Wheeler on the 
design of a true hi-fi receiver. Apparently, in the 
Depression years of 1933-1938, hi-fi suddenly came 
alive in the radio-audio world, and it has acted ever 
since that time to pressure music reproduction to 
higher standards than in the long lean years from the 
start of recording (about 1895) to that period, when 
just hearing recorded music of any form was 
novelty enough. 

Know this guy? Here he's shown doing a base-
ball play-by-play, likely at Ebbetts Field, 1924. 
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RadioActivity - 2007 
Old Equipment Contest News 

by Ed Lyon 

Remember the "good ol' days" when everything that 
wasn't bought at the neighborhood grocery, shoe 
store, or apothecary was ordered from the "Wish-
Book." If you were in the East, you ordered from 
Sears, Roebuck & Co., Montgomery-Ward, or 
Spiegel's, and if you hailed from the deep Midwest it 
was Gamble's, and in Canada, there was Eaton's. All 
these mail-order houses sold radios, and some of the 
models sold were of the highest quality. Well, "Mail-
Order Radios," or "Wish-Book Radios," is the theme 
of RadioActivity-2007, to be held on 8-9 June, 2007, 
at the Sheraton College Park, same venue as in 2006 
and many prior years. 

In keeping with the theme, the Old equipment Con-
test will feature several categories dealing with mail-
order brands of radios, as well as some of the tradi-
tional categories. The rules are just like in prior 
years, and there are several "theme" categories of 
entries. For the theme categories, we want all entries 
to carry brand names of the relevant Catalog store, 
such as Airline for Montgomery Ward, Silvertone for 
Sears-Roebuck, and so forth. Wouldn't you like to 
see a Silvertone, restored to original condition, and 
carrying Defender tubes? Documentation, always 
necessary for a good standing in the contest, is espe-
cially important here, and one piece that is needed for 
the theme categories is a reproduction of the catalog 
page or advertisement of the radio. 

This short article will serve as early warning to those 
of you who need some time to prepare your entries. 
We have traditional categories, too, and some of them 
call for extensive and careful restoration skills and 
patience, so this will be fair warning for those en-
trants, as well. Let's get out those Wish-Book beau-
ties, and get them documented. 

Categories (be sure to read the notes below): 
1. Theme Radios: Early Sears-Roebuck or 

Montgomery Ward Radios (Prior to 1930) 
2. Theme Radios: Golden-Age Sears or Mont-

gomery Ward Radios ( 1931-1942) 
3. Theme Radios: Late Sears or Montgomery 

Ward Radios (Post-war) 
4. Theme Radios: Other Early Mail-Order Ra-

dios (Spiegel, Allied, Federated Purchaser, 
Gamble-Skogmo, Lafayette, etc.) — Prior to 

1930 
5. Theme radios: Other Golden-Age Mail-Order 

Radios (as in Cat.4) — 1931-1942 
6. Theme Radios: Other Late Mail-Order Ra-

dios (as in Cat 4) — post-war 
7. Theme Radios: Any Mail-Order Crystal Set 

(must include original advertisement or rea-
sonable photocopy) 

8. Catalog-marketed Ham radios (must include 
the advertisement/catalog page or photocopy 
thereof) 

9. Transistor Radios 
10. Tube Audio Equipment (Amplifiers, tuner/ 

amplifiers, pre-amp/amplifiers, etc.) 
11. Loudspeakers (cone, horn, diaphragm, etc.) 
12. Wish-Book advertising items, dealing with 

radio 
13. Patriotic Radios (Feature emblem, flag, seal, 

colors, motto, etc.) 
14. White Radios (yes, another "color" cate-

gory!) (Includes ivory, alabaster, and off-
white, but color refers to radio as manufac-
tured, not after it fell into the Kern-Tone) 

15. Restoration Triumph Radio (demonstration 
of will and work over age and adversity) 

16. Historical Monument Radio (marks histori-
cally significant "first" in a radio) 

17. Early (pre WW2) Television Sets 

Notes: 
1. All Theme Radio categories must include an origi-
nal or photocopy version of the catalog page or ad-
vertisement of the radio entered, as well as the usual 
documentation. 
2. In Categories 15 and 16, documentation is essen-
tial to establish effort involved or historical event, 
respectively. 
3. In Category 16, we are looking for those radios 
that marked a turning-point in radio development, 
like the first (or early) superhet, the first radio using 
internal antenna, the first radio with a plastic cabinet, 
the first portable, the first loudspeaker-equipped ra-
dio, and the like. 

Here is a blue-
ribbon OEC entry, 
a nicely restored 
loudspeaker with 
all the documenta-
tion neatly bound 
in a small note-
book. (This par-
ticular speaker is 
not fair-game for 
RA-2007.) 
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(Continued from page 9) 
the price of radio receivers in the 1920s, the public 
expected them to last for many years. Clearly, con-
tinuous taxation, such as was going to be the solu-
tion in Great Britain, was distasteful to Americans, 
since it put the government in charge of what ap-
peared to be the greatest form of entertainment and 
news promulgation in the country. And no corpora-
tion was about to volunteer to raise its products' 
selling prices to pay for something that might be-
come quite expensive, and no American was about 
to be reliant on a few big companies for all their 
entertainment, especially when those companies' 
products cost more than those of the competition. 

But Mother Bell was taking all this in, and was 
thinking. The July 1922 issue of Radio Broadcast 
(only the third issue of that magazine!) carried an 
article that mentioned the AT&T station WBAY, and 
how it was planned to be run, by the Bell Compa-
nies. The article claimed that AT&T had become 
alarmed at the large number of orders they had re-
ceived for broadcast transmitters, many of them in 
New York City, alone. At the time, of course, there 
was but one broadcast frequency, at a wave length 
of 360 meters, so if all the orders were filled, AT&T 
was reportedly worried that the resultant conflicting 
signals would make a complete cacophony of the 

radio environment in New York, and 

Figure 1. Two young ladies from AT&T's Long Lines Department 
perform for WBAY's experimental commercial broadcast, 1922. 

But, then, there was advertising. Several early arti-
cles in Radio Broadcast, Printers' Ink, American 
Radio Journal, and Radio Broadcasting News, 
among many others, mentioned advertising on the 
radio as a quick solution. Simply get people who 
had something to sell cough up a bit of cash, and 
their product would get a good mention on the ra-
dio. Just like in newspapers, but reaching many 
people at the same time, and really getting to them, 
unlike ads in the paper that can go unnoticed. But 
all warned that the public might hate it, the advertis-
ers' products might be boycotted, the performers 
might not like the advertiser, and the listener may 
simply stop listening. None of these warnings made 
any sense, but all seemed so dire that the arguments 
went on and on, through the 1922 and 1923 radio 
seasons. 

likely in all major radio centers. So, 
the article went on, Mother Bell will 
make one big transmitter, equip it 
with the most high-quality compo-
nents and engineers imaginable, and 
produce the finest broadcast sounds 
available anywhere; all the individ-
ual broadcasters have to do is sign 
up for the service, pay for it by the 
hour, or minute, screen their pro-
spective shows for quality and enter-
tainment value (and a big emphasis 
was on cultural content), and let 
them use the AT&T facility for their 
show. They could do spot broad-
casts or schedule a sustained daily, 
weekly, or monthly program, and 
first come, first served. 

AT&T had learned from its vast tele-
phone experience that if the service 

was good enough, and the quality was adequate, the 
public would pay, and they simply elevated this con-
cept to the broadcaster level. The article then hit the 
reader with the bottom line: the individual broad-
casters (the people who put the individual radio 
shows together) would be allowed to call attention 
to themselves and to whomever paid them for put-
ting the show on the air, in the broadcast, itself 
And, to cap it all off, AT&T offered to put the show 
together if necessary, letting the client simply pay 
the tab and get his product advertised, all in a taste-
ful manner, along with a show meeting the adver-
tiser's highest expectations. Not his approval, nec-
essarily, since AT&T would be quick to point out 
that they knew what was good and what was bad, 
broadcast-wise. 

Whoa. Today, this sounds like what we have had all 
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Figure 2. This is 2XB, experimental AT&T station that would become WEAF late in 1922. 

along, after all. But at the time it was revolutionary 
thinking. And AT&T claimed they would look at the 
situation as it progressed, with a critical eye, ready 
to call the whole thing off if it began to look tawdry, 
cheap, or disliked by the public. And only one sta-
tion would attempt this experiment, unless it became 
eminently successful. WBAY began such broadcast-
ing in mid- 1922, and immediately took some flak 
from the journals. Radio Dealer, in July 1922, said 
in an article that they had heard about AT&T's new 
broadcast station (WBAY), and its policy of selling 
time to soaps, shampoos, talcum powders, tooth-
paste, and anyone with anything to sell, and they 
(the magazine) hoped beyond hope that the rumor 
was false, for it was not the business of radio to sell 
such products. In November, Radio Broadcast was 
still railing, publishing an article, "Should Radio be 
Used for Advertising?" They complained, "Driblets 
of advertising, most of it indirect so far, to be sure, 
but still unmistakable, are floating through the ether 
each day. ... More of this sort of thing may be ex-
pected. And once the avalanche gets a good start, 
nothing short of an act of Congress will suffice to 

stop it." And the article stated that the real way to pay 
for radio was through taxes on all radio equipment, 
whether one-time or sustaining was unsaid. 

By fall, 1922, AT&T needed to expand their idea. 
Little WBAY did not command a huge listenership, 
because of its low power, small antenna, and location 
on Walker Street. And the purported radio artists 
knew it, and were reluctant to waste their talent on a 
small audience. In turn, the advertisers knew it, as 
well. Many programs aired by WBAY featured 
AT&T's own employees, screened for extracurricular 
talents, like those shown in Fig. 1, broadcasting an 
operatic selection. So AT&T started to build up their 
experimental station 2XB, located in their West Street 
laboratory, and shown in Fig. 2. With this transmitter 
and facilities, AT&T could open decent studios and 
wire them to the transmitter in style. In November 
this station became WEAF, often credited as the first 
commercial station in the country. In a few years, 
RCA would buy WEAF, and create, with it, NBC, and 
the rest is history. Well, so was this. •••• 
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MORE TIDBITS 

BAKELITE had rather rough beginnings. 
Surely, until about 1950, most radios that had 

cabinets made of "plastics" used a filled phenol-
formaldehyde resin (shortened to filled phenolics), 
usually called "Bakelite." Technically, Bakelite 
was a tradename, but like Jell-o and Frigidaire, it 
caught on as the name people hung onto all generic 
filled phenolics. This particular plastic is a thermo-
set, meaning that once molded into a radio cabinet, 
a utensil handle, or a telephone instrument, it was 
un-meltable, and could withstand hundreds of de-
grees (F) heat without softening or weakening. 

Leo Baekeland (the "oc" in his last name is really 
an "a", but has been anglicised) was the inventor, in 
the last decade of the 19th century, of a very good 
photographic paper familiar to everyone who ever 
processed his own black-and-white contact photos, 
back in the "old days." That paper was Velox, and 
most old family photo albums are filled with pic-
tures imprinted on the back with the Velox water-
mark. Eastman Kodak coveted Velox so badly that 
in 1899 they bought the patent from Leo for a mil-
lion dollars, but kept the name, because of its excel-
lent reputation. Leo was financially set for life. 

But, no, that was not enough for Leo. He bought a 
fine estate in Yonkers, NY where he had a lab in his 
barn, and began playing around with organic resi-
dues that could be used as a cheap and more durable 
substitute for shellac, up to that time the only practi-
cal electrical insulator for winding coils for motors 
and transformers. Shellac had the unfortunate prop-
erty of absorbing water, especially when it was used 
to impregnate paper, often used between windings 
in motors and inductors, and layered into thick sol-
ids molded to form stand-off insulators. 

But the country was being "wired," big-time, and 
the supply of shellac was limited, so that Leo had a 
good mission in mind: find a cheap, better, substi-
tute. One gummy residue that accumulated in con-
tainers that had been used in various reactions be-
tween phenol, which had been a nasty by-product of 
coal-tar processing, and formaldehyde, a byproduct 
from the processing of methyl (wood) alcohol. 
Chemists were always busy trying to see what could 
be obtained from reactions among many such by-
products, always hoping for a miracle product, it 
seemed. Leo settled on phenol and formaldehyde, 

because they formed a gummy stuff that looked 
somewhat like shellac. 

He quickly found that the two chemicals reacted 
only when heated with an acid or alkali catalyst, but 
then started heating themselves, and had to be 
cooled, to avoid the mess boiling over and splatter-
ing everywhere, stopping the reaction. And water 
was being formed, the main problem, because it 
boiled off violently. So he built a strong, heavy re-
action vessel, which he called a "Bakelizer." (He 
loved the sound of his name.) This thing could be 
loaded with the two chemicals and an alkali catalyst, 
sealed, and then heated, then cooled, as necessary, 
while the water vapor formed was drawn off with a 
vacuum pump. The resultant residue was hard and 
shellac-like, but brittle. It could easily be ground 
into a yellow sand-like gritty powder. This stuff he 
spread on kraft paper and heated it to see if it would 
melt and spread through the paper. It did, but once 
melted, it hardened, spontaneously, never to soften 
again. It shunned water and made the paper very 
rigid and strong. "Bakelite," he wrote in his lab 
notebook. 

Leo also found that the Bakelizer dehydrating proc-
ess could be stopped just before the residue hard-
ened, and the stuff could be put into a mold and the 
hardening finished there. Further, he found that the 
powdered crushed residue could be pressed into a 
shape, while heat was applied, and the result was a 
replica of the inside of the mold, permanently hard 
and fairly strong, and a good insulator. Adding 
ground sawdust (wood flour) to the powder before 
molding made it yet stronger, and the dilution made 
the product cheaper. 

This final discovery is what made Bakelite the plas-
tic of choice for radio cabinets, beginning in the 
1932-33 period. It was strong, and its finish was as 
smooth and glossy as the inside of the mold, and 
much work was expended on polishing that mold. 

rror r— 

Ea#ly radio use for Bakelite was in panels like 
this beautiful Norden-Hauck. 
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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. 

For Sale: 1941 & 1942 Philco 
escutcheons, knobs, and 
pushbuttons: reproductions now 
available. Other various knobs and 
pushbuttons also available; contact 
us for specific model numbers on 
escutcheons. Old Time 
Replications 5744 Tobias Avenue, 
Van Nuys, CA 91411. 
Phone 818-786-2500. Web page: 
www.antiqueradiolcnobs.com; e-
mail: Oldtimerep@aol.com 

For Sale - Book: Dr Mahlon Loomis 
experimented and demonstrated 
wireless in 1864 in northern Virginia 
by sending radio signals 18 miles 
using a 400-foot long-wire antenna, 
and keying the antenna to ground to 
exploit the natural electric field of the 
earth. Loomis received a U.S. patent in 
1872. The book, Mahlon Loomis, 
Inventor of Radio, by Thomas Appleby 
(copyright 1967, 188 pages) describes 
this work and the materials in the 
Library of Congress. Available for $25 
+ $5 s&h (US) [$ 10 Foreign] postpaid 
to Svanholm Research Laboratories, 
P.O. Box 81, Washington, DC 
20004;email: N3RF @earthlink.net or 
call me on 202-352-5252 

Sale: Reproduction dial covers in 
PETG plastic. Can accommodate 
any shape from a sketch and full 
description. Thicknesses of 0.010" 
to 0.080". Standard sizes available. 
See list and order at www. 
anatekcorp.com/dialcovers/ 
dialcovers.htm. If your cover un-
listed we will make a new mold at 
minimal cost to you. Satisfaction 
guaranteed. John@anatek.mv.com 
or call 603.673.4342 M - F, 8AM 
to 4PM EDT. 

For Sale: Over 1,000 radios & 
radio-related items at the Radio 
Attic. Radios, phonographs, pub-
lications, restoration resources, and 
more radios! You see what you're 
buying, because every ad has a 
full-color photograph. Visit http:// 
radioattic.com for a terrific selec-
tion of old radios. Steve Adams; e-
mail steve@radioattic.com 

.For Sale: Reproduction Clear 
Plastic Dial Covers. $ 18.00 
postpaid. Dial covers custom made 
to fit your vintage radio. Send 
tracing, model number and 
approximate depth to Mark 
Palmquist, Retro Radio Repair, 
5033 Arbor Lane, Lilburn GA. 
Inquire at mark@sarsradio.com. 
770-923 8929. If dial cover is 
riveted to bezel, send bezel to 
assure optimum fit. CAD designed, 
precision machined molds assure 
quality results. 

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 come visit 
us on the web at 
www.oldradiodoc.com or stop by... 
when in the New England area. 

.For Sale: 136 Service magazines 
(1932-1942) on DVDs, a wealth of 
information, $59.95; Radio 
Retailing magazines on DVDs, 
awesome resource, 175 issues 
spanning 17 years (1929-1945), 
$59.95; complete 1929-1930 
National Radio Institute home-
study course with menu, 
$19.95; or, same as above, but 2 
courses on one disk plus extras, 
$29.95; Ghirardi's Radio 
Troubleshooter's Handbook (1943), 
$17.95; Mallory Encyclopedia 
Fifth-Edition ( 1946), $ 12.95; 
Rider's Automatic Record 
Changers and Recorders (1941), 
$11.95; Understanding Schematic 
Diagrams & Complete Guide to 
Reading Schematic Diagrams on 1 
CD, $21.95. 
www.renovatedradios.com for 
more details, or e-mail at: 
renradioseyahoo.com; Ed Schutz, 
(586) 697-6153. 

Wanted: Local historian doing 
research on the Bliss Electrical 
School seeks information about the 
role of this school in radio, 
especially in the early 1920s. If you 
have any information on this topic, 
please contact Dan Dennison 
(Arlington, VA), 703-241-1671, 
email: _oldphoto@comcast.net 
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At all MAARC meetings, fleamarketing starts an hour or so before the meeting start time. 
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Sun., Dec 17 

Sun., Jan . 21 

MAARC meeting at the Davidsonville Recreation 
Davidsonville, MD, on Queen Anne Bridge Road. 
at Central Avenue (MD 214) near its intersection 
Davidsonville Rd. 1:30 pm. See map, P.2. 
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Davidsonville Rd. 1:30 pm. See map, P.2. 
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Mid-Atlantic Antique Radio Club 
c/o Paul R. Farmer 
P.O. Box 352 
Washington, VA 22747-0352 
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