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In my first paying job, designing and building Navy 
sonar test equipment in college, I had the job of 
designing instruments for measuring acoustic signals. 
This involved building amplifiers of extremely high 
linearity and precision. In most of these amplifiers I 
used considerable negative feedback to aid in 
linearity and bandwidth. Nearly all were direct-
coupled, with no capacitor-resistor interstage 
coupling networks, because most of these amplifiers 
had internal gain figures well over 1000, and yet had 
to be unconditionally stable. The reason for the 
direct coupling in the amplifiers was to eliminate the 
low-frequency instability problem like the one I had 
discovered in high school, several years earlier With 
no coupling capacitors, the phase never gets a 
chance to shift around to form positive feedback, at 
least at the low frequency end of the spectrum. 

One of the amplifiers I worked on looked like that 
shown schematically in Fig. 1, also shown in the last 
part of this series. Note that it is direct-coupled 
throughout, so that it could amplify signals from d-c 
to a high frequency determined by the circuit layout 
and the tube performance. With 6F5 tubes, this upper 
limit was of the order of 500 kHz, but with 6J5 tubes 
it was good to about 1500 kHz. In the lab, we often 
used the amplifier (with 6J5s) to boost the output of a 
whip antenna to bring in WERE, a relatively weak 
AM radio station, but one that broadcast the play-by-

play Cleveland Indians games, and this was 1948, the 
year Bill Veeck's Indians went all the way. These 
amplifiers were unconditionally stable, meaning that 
with any amount of negative feedback they would not 
oscillate. So, perhaps this might be audio amplifier 
lesson number one: If you contemplate negative 
feedback, use direct-coupled amplifiers so as to avoid 
phase-shifting coupling components. In this article 
we'll see if this is good advice. 

There are some interesting details worth noting in the 
figure. In the last part of this series, we took note of 
the fact that the input signal terminal is connected to 
the grid of VI, the first stage triode (6F5) cathode 
follower. V1 feeds V2 (another 6F5) by driving its 
cathode, since V2's grid is grounded. VI and V2 
together are often called a "long-tailed pair." (Later I 
would use a 6SL7 or 12AX7 for these two triodes.) 
Together these two tubes provide a fairly high gain 
(32 to 37 dB) that is uniform with frequency from d-c 
to somewhere in the hundreds of kHz regime, and 
they are non-inverting, meaning that the output is in 
phase with the input. 

V2 then feeds V3 through a 90-v battery. The 
purpose of the battery is to drop the voltage in the 
coupling to V3's grid by 90 volts without affecting 
the signal flow to that grid. Several years later, I 

(Continued on page 3) 
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Figure 1. 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 1) 

discovered a property of that new invention, the 
silicon diode, namely, a diode we often used in d-c 
logic circuits, 1N351, could maintain a constant 
voltage across its junction, in the reverse-bias 
direction. The 1N351 turned out to be, by accident, a 
90- to 100-volt zener diode in the days before zener 
diodes were being made, and so it was used as a 
welcome substitute for the cumbersome battery in 
coupling stages in d-c amplifiers. We also used NE-2 
neon lamps for this purpose, but found them noisy and 
light-sensitive. 

V3 then feeds V4, another cathode follower, whose 
cathode drives the amplifier output terminal, directly. 
The coupling to V4 is via resistors; they reduce the d-
c voltage fed to the final stage grid, but they also 
reduce the signal passed to that grid. I could have 
used another 90-volt battery to drop the d-c voltage 
without reducing the signal coupling, but the overall 
gain was sufficient with the resistors, so I used them. 
If more gain had been required, a battery or zener 
diode could have been used for the upper resistor. The 
overall voltage gain of the amplifier was about 1000, 
and with feedback it could be adjusted, via RI, from 
nearly zero to about 100. With the gain set (by 
feedback) to, say, 10, accomplished by adjusting R1 
such that the upper end of RI was one tenth the 
resistance of the bottom portion, the amplifier 
distortion, gain irregularity, non-linearity, etc., was 
reduced to about 1 percent of that of the open-loop 
amplifier. That means that if the open-loop amplifier 
created, say, 10 percent harmonic distortion, then with 

the loop connected and the gain set to 10, the net 
harmonic distortion of the output waveform would be 
about 0.1 percent, a level that is absolutely 
undetectable, aurally. 

The only downside with direct-coupled amplifiers is 
that they amplify signals at frequencies all the way 
down to zero frequency (dc). Any slight drift near the 
front end of the amplifier, such as might be caused by 
a minor shift of some tube's operating point, gets 
amplified by the rest of the amplifier, and winds up 
usually being a much bigger drift in the amplifier's 
output. We have to prevent this drift in voltage from 
becoming further aggravated by more amplification 
downstream. A possible fix would be to capacitor-
couple this amplifier to the next stage (perhaps 
another such amplifier, the combination then allowing 
a total maximum gain of 100 X 100 or 10,000), and 
suffer no more output d-c drift than either of the two 

(Continued on page 4) 
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Figure 2. Same d-c amplifier as in Fig. 1, but with a chopper-stabilizing amplifier added below it. The 
Brown Converter (chopper) is the relay-like device shown in the lower left, used to chop the input 
voltage into 60-Hz square waves, and to rectify the same waves, after amplification. 

(Continued from page 3) 

cascaded amplifiers, alone. Of course if one's 
application cannot stand any drift of d-c in these 
stages, one could monitor the output of each such 
amplifier, and adjust the bias of the input with a small 
d-c voltage to offset the drift. Or, maybe something 
else would work. 

Here I learned a trick from a friendly Chemistry 
professor, Dr. Ed Thomas. He was always designing 
chemical analysis apparatus, and used huge strip-chart 
recorders called "Brown Recorders." They accepted 
d-c input signals, such as from thermocouples, pH 
monitor cells, or chromatographic cells and plotted 
how these delicate signals changed with time, during 
a chemical reaction. And in this application, a little d-
c drift would be a disaster, being indistinguishable 
from the sought-after signal. The trick was that the 

Brown recorder didn't have d-c amplifiers in it at all — 
it used a-c amplifiers throughout. But they used 
vibrators, called Brown converters, to chop the d-c 
input signals up into little 60-Hz square-waves, which 
are a-c signals. These are amplified in an ordinary 
audio amplifier that drives a servo-motor whose only 
function is to move an ink pen across the page. An 
"answer" potentiometer, fed by a stable battery, was 
geared to the motor, and developed a d-c voltage that 
canceled the input voltage when the pen had moved to 
the right spot. Thus the pen followed changes in the 
input d-c voltage, even for feeble d-c inputs from 
esoteric chemical cells and thermocouples. 

I talked to Doc Thomas about the Brown Recorder 
system, and he insisted that it never drifted, and our 
study of the schematic diagram confirmed that there 
was no simple way that any net d-c voltage could 
appear at the output if the input was grounded. But 

(Continued on page 5) 
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(Continued from page 4) 
my d-c amplifiers could, and did, develop d-c output 
voltages even when the input was shorted to the 
chassis (ground). Sometimes these were positive 
voltages, sometimes negative. Their origins were tiny 
changes in the operating point of any of the four 
triodes in the circuit. The output voltage never drifted 
very far from zero, though, because of the negative 
feedback, which injected a part of this output voltage 
back into the amplifier input (via the bottom part of 
the gain control pot) such as to try to cancel the drift. 
But not completely. Now, if the open-loop d-c gain of 
the amplifier were a million, rather than just a 
thousand, then the feedback route would have 
canceled the drift much more completely. 

Some numerical examples will help here. Let's say 
the output of my Fig. 1 d-c amplifier drifted by one 
volt positive, owing to some resistor value change 
inside the amplifier, and this occurred even when the 
input terminal was shorted to ground. This + 1-volt 
output was equivalent to what would be produced by 
the amplifier if -0.001 volt had been impressed on the 
grid of stage 1, no matter where in the amplifier the 
drift had actually occurred. Some portion of this +1 
volt at the output terminal would be fed back to the 
input grid, the amount depending on the gain control 
setting, and thus some fraction of the +1 volt would 
appear on this grid. Now, consider the chopper drift-
canceling amplifier connected to our d-c amplifier as 
shown in Fig. 2. Now, any d-c voltage that appears at 
the grid of d-c amplifier stage 1 gets chopped (by the 
6Vac-excited chopper) and amplified by the lower a-c 
stabilizer amplifier. This amplifier's output then gets 
rectified by the same chopper, and is fed back to the 
d-c amplifier's other input grid, the one that had been 
grounded in the original unstabilized amplifier. Now 
the a-c stabilizer amplifier just happens to have an odd 
number of stages, so it inverts the chopped signal, 
feeding it into the d-c amplifier's alternate input grid 
as a negative voltage. This voltage drives the original 
amplifier output toward the negative voltage regime, 
the opposite from the direction of drift in the first 
place. This cancels, largely, the drift in the d-c 
amplifier. As a matter of fact, if the auxiliary drift-
canceling amplifier has a gain of 1000 also, then the 
total system gain, for d-c, would be the million we 
dreamed about, being the product of the d-c 
amplifier's gain of 1000 and that of the auxiliary 
amplifier, also 1000. 

So, part of my sonar amplifier project was to make a 
Brown-converter section of the amplifier whose job 

was to chop and a-c amplify any tiny voltage 
appearing in the direct-coupled amplifier input stage 
and to re-insert it, highly amplified, and re-chopped 
(rectified) by the Brown converter, such as to cancel 
the initial drift. Meanwhile, we wanted the sonar 
signals to sail on through the d-c amplifier unmolested 
by the chopper, since they were not really d-c signals, 
but low-frequency a-c signals. To prevent these 
signals from being chopped and re-inserted, a 
resistance-capacitance filter smoothed the "drift" 
voltage before it was chopped by the Brown 
converter. Much later ( 1954), while working with 
flight simulators, I learned that such "chopper-
stabilization" of direct-coupled amplifiers was being 
done as a matter of course in the field of analog 
computers [ 1]. 

The sonar amplifiers were all stabilized by the use of 
negative feedback. The open-loop (feedback path 
interrupted) gain or amplification of a typical 
amplifier was 1000 to 2000, and the feedback loop 
reduced that to somewhere between 10 and 50. A 
ceramic or Rochelle salt underwater transducer 
(basically a microphone) would produce up to a few 
millivolts, and the output of the amplifier was usually 
about 50 millivolts, feeding a strip-chart recorder such 
as a Brush Model 101. The one problem encountered 
many times in these designs was the phase rotation in 
the amplifier at frequencies well outside the normal 
working frequency range. Since the amplifiers were 
direct-coupled, there could be no problems at 
frequencies below the normal operating range, since 
that range extended down to zero frequency, or d-c. 
But what about the upper frequency area? 

To gain a clear understanding of the relationship 
among the variables of voltage gain, loss in gain, and 
phase shift, all as a function of signal frequency, we 
can resort to charts and graphs. Two such charts, 
designed for understanding the upper end of the 
frequency spectrum, are shown in Figs. 3 and 4, 
adapted from Arguimbau [2]. These charts are for a 
single stage of amplification by either a triode or 
pentode. For multi-stage amplifiers within the 
feedback loop, we simply chain the results of the 
charts together. Let's walk through them. 

In Fig. 3, we have plotted the relative gain versus the 
relative signal frequency. Both are relative because 
the gain axis is figured as the ratio of the gain at the 
frequency of interest to the mid-band gain (the 
"normal" gain), and the frequency axis is figured as 

(Continued on page 6) 
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Figure 3. Relative gain vs. relative frequency for a 
single stage amplifier, the fall-off resulting from 
the tube having to feed shunt capacitance. 

(Continued from page 5) 

the ratio of the frequency of interest to the "upper 
corner frequency." This upper corner frequency is 
that at which the mid-band gain has dropped by 0.707, 
or 3 dB. It is that frequency at which the effective 
amplifier stage output resistance is numerically equal 

to the term 27tfC, where f is the signal frequency and 
C is the total shunt capacitance the tube has to feed. 
This capacitance is the tube's output capacitance plus 
the next stage's input capacitance, plus the strays in 
the wiring and components connected to the tube's 
output. The effective output resistance is the tube's 
plate resistance, obtained from the tube manuals, in 
parallel with the load resistor value and the net 
resistance to ground in the next stage's input circuit. 
For a 6F5 tube in a very simple stage, like that shown 
in Fig. 5, the plate resistance is about 80,000 ohms, 
the load resistor is a 56,000-ohm unit, and the next 
stage grid leak is, say, 1 Meg. This parallel 
combination totals 32,000 ohms resistance. The tube 
output capacitance is about 3 pF, the next stage input 
capacitance might be 10 pF, and the strays might net 
another 5 pF, making a total shunt capacity of 18 pF. 
If you do the math, you will find the upper corner 
frequency of this amplifier stage to be 276 kHz. This 
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Figure 4. Relative gain vs. phase shift in an ampli-
fier stage. The relative frequency is shown along 

the curve, as tick marks. 

means that the mid-band voltage gain of the stage, 
about 48, would be reduced to 34 at this frequency. 
To relate this to today's audio tubes, a half of a 
12AX7 tube in the same circuit would have its upper 
corner frequency at 328 kHz, a mid-band voltage gain 
of 46.5, and a -3dB gain of about 33. 

Fig. 3 indicates that for frequencies well above the 
upper corner frequency, the gain of the amplifier falls 
at 6 dB per octave in frequency. For two identical 
stages of such amplification in cascade, the overall 
gain would fall at 12 dB per octave in frequency, and 
for three stages, 18 dB per octave. Now, for the phase 
shift we refer to Fig. 4. This chart shows the loss in 
gain as a function of the phase shift, for a single stage. 
On the curve, itself, there are little tick marks for 
various values of the relative frequency, as in the 

(Continued on page 7) 

FOR THE RECORD: 
The Mid-Atlantic Antique Radio Club had the October mini-meet at the Davidsonville Family Recreation Cen-
ter, and about 67 members attended. The main features at this meet were the flea market which took up the en-
tire lower parking lot, and the auction. The auction was unusually large, as several members decided to clean up 
the shops before winter sets in. There were some very nice pieces of communications gear, and a fairly rare Air-
craft Radio Corporation test set for the original ARC-5 radios, and the prices were very attractive, as usual at 
MAARC auctions. The auction netted about $284 for the club, nice for offsetting meeting-place fees, and the 
pizzas and sodas must have earned a tad, too. 

The September meeting was also held at the Davidsonville facility, on the 17th, and there was a nice auction at 
that meeting as well. It earned the club about $ 133, and capacitor sales also netted a few dollars. 
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(Continued from page 6) 
abscissa of the Fig. 3 chart. This phase shift 
chart is very revealing, since it shows that 
the first 10 dB loss in gain is accompanied 
by a phase shift of about 71 degrees, and 
that occurs when the signal frequency is 
about three times the upper corner 
frequency. Note that at the upper corner 
frequency, itself, noted by the tick mark 
labeled " 1" in Fig. 4, the gain is down by 3 
dB, by definition, and the phase shift is 45 
degrees. 

In a two-stage amplifier using the same 
circuit in each stage, at the per-stage upper 
corner frequency (276 kHz for the 6F5s) the 
overall gain is down by 6 dB (a factor of 2 in voltage 
gain) while the phase shift at that frequency is 90 
degrees. At the frequency at which the overall gain is 
down by 20 dB, the phase shift is twice 71 degrees, 
or 142 degrees. For these two stages together, the 
mid-band gain is 482, or about 2300, and when the 
gain is down by 20 dB, to a value of 230, the phase 
shift is a whopping 142 degrees. What is interesting 
is that, from Fig. 4, at the signal frequency at which 
each stage has its gain reduced by, say, 30 dB, rather 
than the - 10 dB just examined, the phase shift is 88 
degrees, for a total of 176 degrees for two stages. At 
this frequency, which is 32 times the upper corner 
frequency (a net signal frequency of 8.8 MHz), the 
two-stage gain is down to 2.3. The next 10 dB of 
gain reduction, at about 27.6 MHz, has the 2-stage 
gain down to 0.23, with a total phase shift of 178.6 
degrees. Clearly we have dodged a bullet, and this 
amplifier will not oscillate with any amount of 
feedback, because the phase shift never gets around 
to a full 180 degrees. 

> 

gnd 1 

safety? As soon as we include 
between-stage coupling capacitors 

C inside the feedback loop, the low-
frequency end of the spectrum will 
exhibit the same sort of problems as we 
see in the high-frequency end, for all 
amplifiers. There is a lower corner 
frequency, defined the same way as the 
upper corner frequency, but the C for 
the lower corner is the coupling 
capacitor size, and the R is the next-
stage grid leak resistor value. As in the 
above example of an amplifier that is 
unconditionally stable in the high-
frequency portion of the spectrum 
(because it has only two stages and 

cannot get 180-degrees of phase shift), the same will 
hold for a two-stage amplifier with capacitor 
interstage coupling at the low frequency end. Note 
that we have ignored the two cathode followers in the 
amplifier analysis above, and for now, the reader will 
have to accept that cathode followers have no ill 
effect on the gain or phase shift of amplifiers. Later 
we will see why and when this is true. Note also that 
we have also omitted other frequency-sensitive 
components in the amplifiers, themselves, and we 
will have to get to these soon, too. 

* 
R 

Figure 5. Typical a-c 
amplifier stage. C and 
R are explained in the 
text. 

In the original amplifier, way back on page 1, our two 
amplifier stages were not identical. We used a 
battery for coupling the long-tailed pair to the next 
stage, but took a loss of about a factor of two in 
voltage gain (because of the resistor-divider 
coupling) in getting from that stage to the next stage, 
so all the above gain figures should be divided by 2. 
Our amplifier was amply stable, as a result, having a 
mid-band gain of 1000, an upper corner frequency of 
about 340 kHz, and a reduction in gain to unity at a 
frequency of about 11 MHz. 

But what does a person do in real audio amplifiers 
where there must be a-c coupling devices (capacitors 
or transformers), at least in some stages, if only for 

But adding more amplifying stages (that are not 
cathode followers) can be a problem. Let us see what 
can happen in continuing the above example to 
another stage, looking again only at the upper part of 
the spectrum. We must remember that the lower end 
of the spectrum has exactly the same sort of problem 
if coupling capacitors or transformers are used 
between stages inside the feedback loop. We have 
solved that problem for the time being by using 
direct-coupling. Three identical stages, using 6F5 
tubes, would have a gain drop of 9 db at the per-stage 
upper corner frequency of 276 kHz (3 dB drop for 
each of the three stages), and would exhibit a total 
phase shift of 135° there, 45° per stage. Let's look at 
the frequency (3.2 times the upper corner frequency, 
or 883 kHz) where the per-stage gain has dropped by 
10 dB from the mid-band gain. This mid-band gain 
is 48 for the first stage and 24 for the next two stages, 
totaling about 27,000. But at 883 kHz, the gain is 
down by 30 dB, 10 dB for each stage, making the 
overall gain 900. However, from Fig 4 the phase shift 
is over 210° (70° per stage), indicating that we have 
already passed the 180° phase shift frequency, and the 
amplifier may be unstable, depending on how much 

(Continued on p. 11) 
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THE RADIO WORLD OF BILL AND JOE -2 
BY WALTER LINDENBACH 

This is the second a series of articles Walter started jar the New Jersey radio club that fell on hard times re-
cently, 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 2 

LAST time, Bill told Joe about volts, which is 
electrical pressure, like pounds per square 

inch, about amperes, which is current flow, like gal-
lons per minute, and about resistance. Bill said that 
for water, a small pipe has more resistance than a 
large one. Then they talked about a multimeter that 
can measure these things, and Bill invited Joe into 
his workshop to see one. Joe saw more than he ex-
pected. 
"Wow!" said Joe, "Where'd you get all this stuff?" 
"Stole it of course."Where's the Whatchamacallit? 
Multi-fancy meter?' 
"Multimeter It's right here, and here's a resistor to 
measure. Now look at the colors on the resistor. 
Pretty cute, eh?"Oh sure," said Joe, "They're not 
for decoration; I just know it." 
"That's true," said Bill. 'They tell us about the resis-
tor. You have a Handbook don't you Joe? Sure. 
Now, when you get home, look up 'color code' and 
you'll see the complete list and explanation of those 
colors."0. K." said Joe, "Were you going to meas-
ure this resistor?" 
"Yes, but first we should read the color code. The 
colors are brown, black, red and gold."Why did 
you start with the brown end, and not the gold?" 
"Good question," said Bill, "The last color is usually 
either gold or silver, or it's missing, and it indicates 
tolerance. Gold means 5% and silver means 10%, 
Now on this resistor, the colors are: brown for 1, 
black for 0, red for 2, and gold for 5%."102 ohms, 
5%?" asked Joe, "Sounds funny. Guess you'd have 
a ton of color bands for a really big resistance, 
huh?" 

"Now hold on. The first two numbers are 1 and 0, 
and that's right, but the third color tells you how 
many zeros to add - two for red. So, our resistor 
value is 1, 0, and two more zeros: 1000 ohms. Then 
the tolerance number means ±5%, so we know that 
the resistor should read between 950 ohms and 1050 
ohms, Neat, huh?"Yeah, I guess," said Joe, dubi-
ously. "Now you, of course, have memorized the 
color code, right?"Yes, sure." said Bill, "You will 
soon too. It's not hard."a catch." 
"Cheer up, the worst is yet to come. Then you can 
moan with enthusiasm." 

"Uh huh," sighed Joe, "O. K., what's next?" 
"The color code is an, old system of identification, It 
has been used for resistors, capacitors, transformer 
wire identification, and other applications.. Today, 
printing methods are so good that values can be 
printed directly on the smallest surface-mount parts. 
The printing is so small that you literally can't read it 
without a magnifying glass. So the color code could 
be considered obsolete. But in the early days, parts 
could not have numbers printed on them, and even 
colors were put on rather roughly. The color code 
began not with color bands but with body color, end 
color, and spot color. Your good old boat-anchors 
will probably have parts that are identified with this 
system-and others-which can be found in older 
handbooks. If you can't find them, I'll chase them up 
for you." 

"Oh brother. I'm tired," moaned Joe. "You got any 

(Continued on page 9) 
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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.)Z 

Radio Age • November 2006 Visit MAARC web site at www.maarc.org  page 8 



(Continued from page 8) 

more good news?" 
"Yes, we can measure this resistor, color code or not. 
You put the test leads on the two wires sticking out of 
the ends. For resistor measurements, it doesn't matter 
which is red and which black. Now, switch the meter 
to the n area. That means ohms. The switch positions 
are 200, 2000, 20K, 200K and 2000K. The 'IC means 
'1000 times', so '20K' means 'twenty thousand'. The 
numbers at these switch positions are maximum read-
ings. So, if we don't know anything about the resistor 
to be measured, we start with the switch at the lowest 
number, '200', and the display shows a ' 1' which 
means "I don't know what this thing is. It's too big." 
So we switch to '2000' and now the meter shows 998 
so the resistor is 1000 
ohms with a 5% tol-
erance. Any reading-
from 950 to 1050 
would indicate a 1K 
ohm, that is a 1000 
ohm resistor. By the 
way, with a 1K resis-
tor it doesn't matter, 
but with high resis-
tances, if your fingers 
are on the metal part 
of the test leads, the 
reading will be 
wrong. Actually, fin-
gers on the test leads 
will always make 
some error, so it's 
best to keep them off 
the metal surfaces. 
And if you press on 
the ends of the test 
leads, it will hurt be-
cause they are sharp." 
"Will you get a 
shock?' 
"No, not from this 
little rig. Now, you 
have resistors at 
home, Joe. Take the 
meter and try some." 
"Alright, thanks," 
said Joe. 
"One thing more." 
said Bill. " If you are 
measuring a resistor in 
has to he disconnected 

might be measuring not only the resistor but other 
stuff connected across it." 
Joe nodded and glanced at the clock. "Oh mercy. Bill, 
you know what time it is? There must be something 
wrong with your clock. We just started talking about 
resistance a few minutes ago, and it's dinnertime!" 
"Yeah. I know" Bill agreed, "When I put a clock here 
in my workshop, it goes crazy, my watch included. 
But you'd better get going, or your wife will clobber 
me for making you late." 
Then, an hour later, Bill's phone rang, it was Joe. 
"Bill, I tried measuring some resistors, and the color 
code and ohmmeter readings make no sense. Do you 
think your meter is misbehaving?" 
"Nope. You are,' said Bill. 
Oh, thanks!" growled Joe. 
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Bull's meter was a tad more modern than this famous Simpson 260, and far more 
accurate for resistance measurements, as it was digital. 

a radio, one end of the resistor 
from the circuit. If it isn't, you 

"We'll talk about ohmmeters some more next time. 
Goodnight." 
(To be continued) 
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bfts 
F course the character 
announcing Dodgers' games in 

the early 1930s, and shown in last 
September's Radio Age, in this 
column, was Graham MacNamee. 

TT C ATALIN radio collectors, and you 
know who you are out there, are 

aware of the earliest Catalin radios, 
those of late 1937, the International Clockette being 
one of those. Although not really Catalin, it is the 
same plastic, but made by someone other than 
Catalin. We often wondered who, among the big 
three: Catalin, Bakelite, and Fiberloid (Monsanto); 
was really first with the idea of a cast clear resin 
made of phenol-formaldehyde, with no fillers. It was 
hard to determine, as many minor patents were 
acquired, but all dealing with tiny details of the 
manufacture process. Then I stumbled across an ad 
in an old Atlantic Monthly, and I mean really old, 
back in the teens. The ad is shown here: 

IVAN 
ThePerfect Mouthpiece 

oar re+ - 

ii 
eri II E. are genial trinox ut 

..ohl :dippers«, .and a pipe 
with a Rh If ,f Asi,111 bit, In drpth cil 

le.1111., is tioti golden gleam easily 
rivals amber's. beauty. And it is 
stronger. Modern clertli.try has 
made it without twite or odor. Mod-
ern craftsmen v. it h old-fashioned 

skill, have cut it by hand int<1 a p iing and and satist..., tug sarietv 

stylet.. -Fitcre is a Ri titi % No' pipe 
or holder for every taste and pH, 

RzON4 

I did a little research on Redmanol, and found it was 
a phenolic resin, just like Catalin, but cured in a 
pressurized mold, rather than from a liquid simply 
poured into a mold, as was Catalin. The inventor, L. 
V. Redman, was a Canadian, originally, and he 

formed his company to make clear and translucent 
molded products that he called "ivory-like" and 
"amber-like," in which he would omit the wood 
flour filler, and obtain a relatively clear Catalin-like 
plastic. It came from a novolak, like Bakelite, and 
not from a resol, like Catalin. This means it 
originated as a powdered flaky resin, and not a 
liquid resin, the difference having to do with how 
the resin started, and what catalyst was used to fuse 
the phenol and the formaldehyde. He apparently 
injected the finely ground powder in a heated mold 
and applied great pressure and heat to cure the 
product. 

Redman's products included items that were later 
(about 20 years later) reproduced by Catalin, 
Bakelite, and Monsanto but were no better. Today, 
you can still find Redmanol pipe bits and cigar 
holders for a few tens of dollars on ebaY and in 
estate sales. Look for the trademark, as in the next 
illustration, top of this column. 

The interesting thing about Redmanol was that 
although Leo Bâkeland sued anyone and everyone 
who infringed his Bakelite patents, he did not sue 
Redman, but instead bought his company plus the 
Condensite Corporation, and merged them with his 
own to form the Bakelite Corporation of America. 
So, while Redmanol was not an early form of 
Catalin, it surely resembled it, and was chemically 
identical with Catalin. And it was about 20 years 
earlier. 

As for Condensite, that was a pure and simple copy 
of Leo's Bakelite product, and it was made 
essentially the same way. But Condensite had a 
good reputation with such customers as Edison, who 
used it as the outer covering for his thick disc 
phonograph records. Bâkeland saw the wisdom of 
quietly buying rather than battling Condensite. •••• 
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(Continued from page 7) 
feedback is applied. Any feedback amplifier is 
unstable when the feedback is advanced above the 
reciprocal of the open-loop gain at this magic 180° 
phase shift frequency. Since we overshot the 180-
degree phase-shift point, slightly, we can interpolate, 
and will find that the overall gain was about 3400 
when the total phase shift passed through 180°. 
This means that the maximum allowable feedback 
would be 1/3400, placing the wiper of the gain 
control potentiometer at that spot where the lower 
part has 3400 times the resistance of the upper part. 
This means that in the normal audio spectrum (all of 
which is "midband" for this amplifier), with an open-
loop gain of 27,000, the feedback reduces this gain to 
3400, and any distortion is reduced by the ratio of 
these gains, or about 8. Thus, a 10% level of 
harmonic distortion will be reduced to 1.25%. The 
original 2-stage amplifier, on the other hand, could 
have its open-loop gain of 1000 reduced to as low as 
1.0 with feedback, reducing any such distortion to be 
cut by that ratio, which is 1000. Thus, a 10% 
distortion factor becomes 0.01 percent distortion in 
that two-stage amplifier. 

Clearly, using three identical stages is not the best 
approach, since the phase seems to shift far too 
quickly with increasing frequency up there near the 
upper corner frequency. What's worse, the majority 
of phase shift takes place near the upper corner 
frequency, and the gain drops slowly in that region. 
Having three stages whose upper corner frequencies 
are identical means that the phase shifts substantially 
by the time we get to that frequency. On the other 
hand, once we get well above the upper corner 
frequency, the gain drops quickly, relative to further 
phase shifts. 

Well, then, why not redesign the amplifier to have 
differing stage characteristics (upper corner 
frequencies)? That's the secret to good multi-stage 
feedback amplifiers. Our freedom to choose these 
frequencies is not unrestricted, though, since it is 
always difficult to increase the upper corner 
frequency, because it requires reductions in 
capacitances and/or plate load resistances. The 
internal tube capacitances are not easily reduced, and 
some wiring capacities are always going to be there, 
so reducing audio amplifier load capacitance per 
stage below, maybe, 15 to 20 pF per stage is not 
going to be easy. Reducing the total load resistance 
or the tube type to get a lower plate resistance 
characteristic is likely to reduce the gain at all 
frequencies, meaning that we will need more stages 
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to get the same mid-band gain, so that is a bad 
avenue. 

But we can always reduce the upper corner frequency 
of some stage or other, by adding shunt capacitors. 
Let's say, being audiophiles, we never have to 
amplify anything above 20 kHz. And, as a matter of 
fact, we aren't even interested in the amplifier's 
harmonic distortion above about 15 kHz, because 
nobody can hear these harmonics. So we can make 
the upper corner frequency of one of the stages as 
low as 20 kHz. A second stage can be designed with 
its upper corner frequency well away from 20 kHz, 
at, say, 150 kHz, and we can leave the last stage as it 
was, at 276 kHz. We now refer again to Fig.4. At 20 
kHz signal frequency (at the " 1" tick mark), the first 
stage has suffered 3 dB loss in gain and has 45° phase 
shift, the second stage is still going strong with no 
gain reduction and no phase shift (it's still in mid-
band, as is the third stage). Up at 150 kHz (where the 
"7.5" tick mark would be), the first stage is about 18 
dB down in gain and has 83° phase shift, the second 
stage is 3 dB down with 45° shift, and the third stage 
is only a tad down, but shows 15° phase shift. When 
the signal frequency is at 276 kHz (where the " 14" 
tick mark would be), the first stage is 15 dB down in 
gain and shows 87° phase shift, the second stage is 
about 7 dB down, with a phase shift of 63°, and the 
last stage is 3 dB down, with 45°shift. The grand 
totals are as follows: 

Frequency Gain Phase shift 

10 kHz 48 x 24 x 24, or 
27,000 (89 dB) 

0° 

20 kHz 34 x 24 x24,or 
19,500 (86 dB) 

45° 

150 kHz 6x 17 x 20,or 
2040 (66 dB) 

550 

250 kHz 3.5 x 13 x 18, or 
820 (58 dB) 

180° 

276 kHz 2.7 x 11 x 17, or 
505 (54 dB) 

185° 

The end result is a three stage amplifier that is fairly 
flat through the audio spectrum (20-20,000 Hz), and 
is unstable at about 250 kHz, if the feedback exceeds 
1/820, rather than one whose maximum feedback 
allowable was 1/3400. This "staggered-stage" 
amplifier would reduce a natural 10% harmonic 
distortion in the audio band to 0.3% distortion, 
clearly inaudible. 

Feedback is often expressed in decibels, and it 

(Continued on page 12) 
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(Continued from page 11) 
represents the open loop gain divided by the 
minimum closed-loop gain achievable without 
instability. The uniform-stage amplifier had a 
maximum feedback ratio of 8, or 18 dB, while the 
dissimilar-stage unit had a maximum feedback ratio 
of about 52, or 34 dB. So, perhaps this leads to 
another rule of thumb: In multi-stage feedback 
amplifiers, design the various stages with differing 
"corner" frequencies, thereby expanding the amount 
of feedback possible before instability can occur. 

So, where are we, thus far? We have seen that it 
might be very good to use direct-coupled amplifiers, 
at least for low-level stages, where ordinary voltage-
amplifier tubes work well, reasonable gains can be 
achieved, and enormous amounts of feedback are 
possible, to absolutely level the response. That way, 
we can carefully tailor the overall amplifier 
response by building as elaborate a passive 
compensating network as we wish, and then place it 
outside the feedback loop. To prevent d-c 
unbalance at the front ends of these amplifiers from 
causing large d-c bias problems at the output, the 
various closed-loop amplifiers, each comprising 
maybe two stages of amplification (plus cathode 
follower input and output circuits), can be coupled 
to each other by single capacitors, and these would 
be outside all feedback loops. We have also seen 
that three or more stages of conventional audio 
amplification can prevent high levels of feedback 
from being applied because of phase-shift problems, 
at the high-frequency end for all amplifiers, and at 
the low frequency end for a-c coupled amplifiers. 
To be very elegant, one could even retain the d-c 
coupling throughout, adding chopper stabilization to 
cure d-c drift problems. 

While on the subject of negative or inverse 
feedback, we must discuss that taken-for-granted 
wonder, the cathode follower. Later, we will talk 
about triodes versus pentodes, how feedback makes 
them different in their responses, and the use of 
negative feedback in shaping the frequency 
response of a preamplifier. We must also get into 
power amplifiers, and examine some common 
problems encountered with them. Some of these 
problems are solvable; and we will make 
recommendations toward achieving the best in 
power amplifier design. Finally, the whole subject 
of speakers and audio theaters or listening rooms 
must be broached, no matter that many of the issues 
will need "work-arounds," because of such 

Figure 6. Three cathode followers with resistor di-
viders as cathode load resistors, allowing grid bias 
adjustment. 

unchangeable things as room and building 
architecture, speaker affordability, and the like. 

Cathode followers have been mentioned in the 
series already, but we really haven't looked closely 
at them. Now that we have introduced feedback, it's 
time we did. The basic cathode follower looks like 
any of the circuits in Fig. 6. It is simply a triode 
amplifier that has its load resistor in the cathode 
circuit rather than in the plate circuit. But note that 
if we raise the input (grid) voltage by some amount, 
say, one volt, the cathode current (or plate current) 
will increase, and the cathode load resistor will 
develop increased voltage across it, and in a 
direction that makes the cathode more positive. 
Whoa. That would reduce the effect of the grid 
voltage increase we applied (because it is the grid-
to-cathode voltage that actually controls the plate 
current, not the grid-to-ground voltage), so that the 
plate current would not really have increased so 
much after all. It is negative voltage feedback, pure 
and simple. And it keeps the voltage gain of a 
cathode follower down to something less than one, 
actually approximately (A/(A+1)), where A is the 
gain that would be obtained by the same tube in a 
conventional amplifier circuit that used the same 
load resistor, but in the plate circuit. Thus, for a 6J5 
(µ=20), the usual triode amplifier gain is about 15, 
and so the 6J5 as a cathode follower would have a 
gain of about 0.94. Despite its low voltage gain the 
cathode follower is able to feed a relatively heavy 
load, because the impedance looking back into the 
output terminal (the cathode, itself) is quite low, and 
for that 6J5, it is about 500 ohms. 

Another nice thing about the cathode follower is 
that its input impedance is raised, relative to that of 
the same tube in a conventional triode amplifier. At 
first glance, it would appear that the input 
resistance, for signals, would simply be 
approximately the value of the grid resistor, but 
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remember that as the input signal raises and lowers 
the instantaneous voltage at the top of this resistor, 
the cathode is raising and lowering the voltage at the 
bottom end, nearly as much. That means that very 
little current flows in that grid resistor. For that 
same 6J5, for example, with a 1-Meg grid resistor, 
the input resistance is about 8 Megs. Increased 
input impedance and reduced output impedance are 
ideal characteristics for coupling amplifiers to each 
other or to other devices, so we find the cathode 
follower a very handy device in audio work. It must 
be emphasized, though, that these very desirable 
properties are obtained only when the cathode 
follower tube is operating in a region of the tube 
characteristics where the tube mu, Gm, and Rp are 
reasonably close to the published values. This 
means the grid is not driven so hard as to draw grid 
current, or past cutoff (two conditions where the 
tube characteristics all but disappear). So that 6J5 as 
a cathode follower cannot be asked to take in signals 
of several hundred volts amplitude and deliver 
undistorted output. A cathode follower can be 
designed to do just that, but not with a 6J5. 

We said, above, that a cathode follower is a triode, 
but it is possible to make a cathode follower out of a 
pentode, and with some advantages. But, remember 
that a pentode, to be true to its definition, must have 
its screen tightly a-c coupled to its cathode, which in 
the cathode follower is its output terminal. Thus part 
of the output power is "robbed" by the screen, the 
two being coupled together by a big electrolytic 
capacitor. Nonetheless, the input impedance of a 
pentode cathode follower is higher than that of the 
same tube, triode connected, as a similar cathode 
follower. The input capacitance, especially, is 
significantly reduced in the pentode circuit, and this 
can be of advantage if one wants to get the highest 
possible upper corner frequency in an amplifier. The 
resulting high input impedance becomes useful if 
one has to reduce the shunting effect of an amplifier 
stage input by the maximum amount possible. 
Simply interpose a pentode cathode follower. 

In our original amplifier (Fig. 1), the input stage was 
a cathode follower, allowing it to feed the next stage 
cathode without loading down the input circuit; the 
cathode follower here acts as an isolating device, 
separating the input circuit from any loads that 
follow. Likewise, in the output stage of the Fig. 1 
amplifier, we have another cathode follower, 
allowing us to feed any other circuit needed, with 
virtually no effect on our amplifier's gain or 

stability. Sounds like a massive cathode follower 
might make a good audio output stage, and it does, 
but since its voltage gain is less than one, it needs a 
pretty high level of signal to drive its grid. We'll look 
at some amplifier circuits using cathode follower 
output stages a bit later. 

Sounds like negative feedback is a panacea. Not 
quite. It never makes up for bad design in the first 
place, and it has some limitations. Any time an 
amplifier is driven by signals so hard that some stage 
or other (usually the output stage) runs out of B+ 
voltage, or the plate current gets cut off completely, 
no amount of negative feedback can remedy the 
situation, and can, in fact, worsen it. Let's say we 
drive an amplifier with an impulsive signal (a drum 
rim shot, maybe) that is so large in voltage that it 
drives the output stage plate voltage all the way to 
zero. Remember that this would happen if the plate 
current were asked to go to an extremely high value. 
Well, with the plate voltage approaching zero, the 
plate current cannot be sustained, and it also falls 
toward zero, and at the very time we were asking the 
plate current to increase yet more. Here is a case of 
severe waveform distortion. Negative feedback 
around this amplifier would sense the plate current 
fall-off and would apply a signal to the amplifier input 
that would try to increase this stage's plate current, 
something that cannot be done, because the plate 
voltage had reached bottom. The negative feedback 
would aggravate the waveform distortion. 

This phenomenon has been seized by some 
audiophiles to make broad generalizations like, 
"Negative feedback is wrong." Only when we keep 
amplifiers amplifying and not synthesizing new 
waveforms can we employ significant levels of 
negative feedback. Some audiophiles desire to 
overdrive their amplifiers, regularly and severely, and 
for them, negative feedback is not beneficial. 

To be continued in Part 4. 
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ANOTHER TRICKY REPAIR JOB 
Philco 46-480 

By Geoff Shearer 

you might wonder, "Where does this guy 
find time to repair radios?" That is even 

  trickier than this repair job. It gets sand-
wiched between work and home life and normally 
occurs when everyone is in bed. 

This particular repair was two years in the making. 
Remember Dick Young? He introduced me to old 
radios in the late 80's, served as a MAARC board 
member and left us for Seattle two plus years ago. 
With his bags packed, he stopped by the house and 
dropped off a Philco 46-480 chassis and speaker. 
He said he had started on the repair and thought it 
was a short in the inter-stage IF transformer be-
tween the second IF amplifier and the discrimina-
tor/detector. The part had been removed from the 
set and he asked me to find someone to repair it (he 
knows I don't have the time). 

I first gave it to someone living nearby who needed 
"pin money" and included another IF transformer of 
similar design that I found in my "parts" box. I'm 
one of those people that hardly ever throws any-
thing away. Anyway, after about six months it 
came back to me and sat for a couple more months 
before I could find someone else willing to fix it. 
One such repair person came along and was willing 
to accept the task. After another six months, I was 
told that he didn't do repair work anymore and by-
the-way, "I put a hole in the speaker." I thought, 
this must be ONE TOUGH JOB if I've got two re-
pair guys that gave up on it. 

So, another six months passed and I told Wendy 
(my bride of almost 35 years — 16 while collecting 
and repairing radios) that I had this lady's chassis 
and it had been over two years since she'd seen it 
and I HAD to work on it. I was given a kitchen 
pass for late one evening and I set out to find the 
problem. I could bore you with the details of me 
wiring it back in the circuit and frying part R17 (a 
1000-ohm resistor in the B+ circuit to the plate of 
the second IF amplifier stage) but needless to say 
there was a short to ground in that circuit. I took the 
IF transformer out and measured from the primary 
to secondary and got an intermittent short and no-
ticed that it was associated with one of the trim-

mers. So I took the trimmer out of the circuit and 
sure enough, part of a mica wafer was "dinged" and 
as the plates got closer together the short manifested 
itself. In my parts box I found my pack of mica wa-
fers and cut one to size, then fitted all of it back to-
gether. No short was present even with the wafers 
closed. 

Next, I wired it back into the circuit and thanks to 
having the Philco Service Manual I was able to re-
align the set. Since I didn't have the dial face to set 
the station properly, I guesstimated and informed 
the owner on how to adjust it properly. This, again, 
was a labor of love as I didn't charge the woman 
because we had it so long. This, too, was the first 
time I've ever come across a bad trimmer and found 
the repair pretty straightforward and not as daunting 
as I anticipated. So, roll up your sleeves and tackle 
those jobs. •••• 

ANOTHER TIDBIT ... 

W E all hear mention of the new all-digital ra-
dio programming that supposedly is broad-

cast on frequencies that lie in the crevices between 
AM stations. In their sales pitches, the promoters 
claim that it is totally free, and requires only that the 
subscriber buy a special radio for listening to these 
broadcasts. Also, what is claimed is that the sub-
scriber has access to many different program types, 
from classical music to modern jazz, and to talk-
radio, as well. 

Now, whether these broadcasts are really transmit-
ted on frequencies within the AM broadcast band, 
and whether it really is free of user costs and com-
mercials remains to be demonstrated to this 
"doubting Thomas." The only way I can see that 
they could broadcast signals on the seams between 
existing stations would be through the use of pulses 
that recur at a rate of 10 kHz, centered on a carrier 
that is on one of the "crevice" frequencies, like 905 
kHz, for example. The digital representations 
would then fall at all the other nnn5 kHz frequency 
spots, thus missing the existing stations. But they 
would have to expand to a much wider overall band 
than the existing BC band. We shall see. •••• 
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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.antiqueradioknobs.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 

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, Tues. thru Sat. 
Phone/fax: 860-928-2628. E-mail: 
bob@ oldradiodoc.com. Visit us on 
the web at www.oldradiodoc.com 
or stop by... when in the New 
England area. 

Sale: The Radio & Television 
Museum needs to dispose of a Seeburg 
Selectomatic 200 table-top jukebox 
(45 rpm records). Best offer by Dec. 1 
accepted. (Best offer so far is $75.) 
Restorable, but needs some work. Not 
tested for operation. Can be viewed at 
museum. Brian Belanger (see p 2). 

For Sale/Trade: Nice Guild New 
Englander roll top desk stereo system. 
Stereo does work but might need 
capacitor work. $225.00 trade toward 
battery or crystal sets. Michael Crain, 
3 Hillside Ave, Harveys Lake, PA 
18618. 

For Sale: Cleaning out the house of a 
deceased electronic technician. 
Atwater Kent Model 30, AK horn 
speaker, two Emerson 520 Catalins 
(fair condx.), Western Electric large 
cone speaker frame, two tube caddies 
full of radio tubes, many pieces of test 
equipment (modern compact B&K 
scope, new and old signal generators, 
digital freq. counter, R-C bridges, 
etc), boxes full of capacitors, resistors, 
lots of small parts, books on solid 
state devices, tools (pliers, 
screwdrivers, soldering irons), cables 
and clip leads, much more. First $300 
takes it ALL--no cherry picking. Dr. 
Robert Wilson, Gaithersburg, MD, 
301 - 482 - 1982 , email: 
nwilson67@verizon.net. 

Wanted: Hi-fi/Stereo equipment trom 
the 1950s and 60s. Eico, Fisher, 
Heathkit, Harman Kardon, Lafayette, 
Marantz, McIntosh, Scott, Stromberg-
Carlson, etc. Amplifiers, tuners, 
multiplex units. Quality turntables, 
speakers, hi-fi cabinetry, paperwork 
from any era. Designer 50's and early 
60's furniture and accessories appro-
priate for listening rooms also wanted. 
Good prices paid for quality equipment 
and furniture. Call, email, or write with 
asking price, bring to monthly 
MAARC meeting, or ship with pre-
approval. Satisfaction guaranteed. Hi-
fi Design and Time Out of Mind 
Radio. Paul Farmer, PO Box 352, 
Washington, VA 22747-0352; (540) 
987-8759; oldradiotime@hotmail.com. 

Is Quality what you crave? Read on:  

For Sale: WW I era military and hi-
end sets, and some entire systems. All 
vg. to exc. condx. All orig. and 
working. Pix, prices and data on 
request. IP 500 #558; Amrad SE 1420 
#447; Paragon RA- 10 tuner/DA-2 
detector amp; Kennedy 220 radio, 525 
amp, San Francisco models. SCR 109 
system: DeForest BC 86 transmitter; 
Westinghouse BC 98 receiver; all 
tubes, mic, key, headsets. Heintz & 
Kaufmann modified system for Robert 
Dollar Steamship Lines: SE 1420 
receiver; SE 1000 amp; H & K LW 
loading unit, very historic! SCR 132 
wireless station: BC 138 tuner; BC 
118 RF/AF amp; BC 131 receiver; rare 
BC 104 heterodyne unit; all 
accessories, WE 509 headset, Arkay 
speaker, glass A & B batteries and a 
candlestick phone. All have been 
restored and operated for extended 
periods of time. Moving to smaller 
space and need to sell! Ward Kremer, 
1179 Petunia Rd., Newport, TN 37821, 
Ph/fax: 423/625-1994, E-mail: 
witzend99@bellsouth.net. 
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At all MAARC meetings, tleamarketing starts an hour or so before the meeting start time. 
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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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