
 
  

Introduction 
 
In 1958, Sylvania started registering a group of types 
that cut the traditional 150-milliampere heater drain 
down to 100. They rejiggered the three low-power 
types from 12.6 volts at 150 mA to 18 V at 100 
mA—the same heating power. The accompanying 
rectifier and output tube were redesigned to work 
with considerably less heating power. RCA joined up 
with an overlapping line. 
 

This was interesting design, claimed to allow smaller 
radio cabinets and give somewhat better reliability. 
However, there was no reduction in cost to either the 
tube maker or the set manufacturer. The concept of 
“energy conservation” hadn't come up on the 
horizon. So the two tube companies 
unenthusiastically used them in a few sets, then 
abandoned the innovation. 
 

The basic radio types and their registrations with the 
Electronic Industries Association were the: 
  

18FW6 (ex-12BE6) (RCA, December 1958) 
18FX6 (ex-12BA6) (Sylvania, December 1958) 
18FY6 (ex-12AV6) (SY, December 1958) 
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36AM3(A and B) (35W4) (SY, December 
1958) Re-heatered, kept lamp tap/fuse. “A” 
was the same design but had the voltage-
drop rating reduced from 20 V to 16 V. “B” 
had controlled warmup. 

50FK5 (ex-50EH5) (RCA, June 1960, released 
by SY in July) . Output power was 1.2 
watts, vs. 1.4. 

 

The EIA gave out the new identifiers in a slovenly 
way.  Presumably the makers’ clerks didn't think to 
ask the number-assignment desk in Washington 
anything like “for our modified 12BE6, may we 
please have 18BE6?” or the rest. 
 

Other relevant types and their predecessors were: 
  

18GD6( ) (ex-6AU6) (SY, May 1959) 
18GE6 (ex-6AT6) (SY, May 1959) 
20EQ7 (ex-6EQ7) (RCA, June 1960) Nine-pin 

diode-pentode equaling a 6BA6 and a 
diode, for an IF amplifier and detector in 
AM tuners and garage-door openers 

20EZ7 (ex-12AX7) (RCA, June 1960) Lower-
noise re-heatered version. 

(Continued on page 3) 

 
100-MILLIAMPERE MINIATURES -  

GOOD TECHNOLOGY BUT A BUSINESS FLOP 
BY LUDWELL SIBLEY 

Sylvania and RCA jointly did a redesign of the All-American-5 line of tubes. It made technical sense - but didn’t 
last very long  Here’s the story---. 
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A BOUT MAARC and RADIO AGE. Radio Age became the 
monthly newsletter of the Mid-Atlantic Antique Radio Club in 

June 1994. Prior to that date, the MAARC Newsletter and Radio Age 
were separate publications. 

Subscription to Radio Age begins with the next available issue after 
the membership application and dues are received. Dues are $24 per 
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MAARC MONTHLY MEETINGS. Most months MAARC 
meetings are held at the Davidsonville Family Recreation Center, 
3789 Queen Anne Bridge Rd., Davidsonville, MD (map below). 
From U.S. 50, take MD 424 south for 2.5 miles. Turn right on MD 
214 for 0.6 miles, and angle left on Queen Anne Bridge Road for 
1.1 miles. The entrance will be on your left. April and December 
meetings are usually held at the Sully Station Community Center in 
Northern Virginia. Check the calendar on page 16 for details. 

                     

The contents of this publication are 
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32ET5( ) (ex-6AS5) (SY, December 1958. 
34GD5 (ex-50C5) (RCA, June 1960) 
60FX5 (ex-12FX5) (RCA, April 1960) 
60HL5 (ex-6HL5) (Westinghouse, August 1964)  

  
Hitachi offered some 100-mA types: the 18FW6-
18FX6-18FY6-32ET5-36AM3 line. That would 
suggest that Japanese set-makers used them, but does 
not match the 100 volts that is usual there. It supplied 
the 50BM8, a cousin of the 6BM8/11BM8/8BM8, 
and 16A8/32A8 audio triode-pentode family. There 
were also a couple of their tubes numbered under the 
Japanese system, the 19M-R9 and 19M-R10. (“M” 
indicates a 7-pin miniature, “R” designates a sharp-
cutoff pentode.)  There were European 100-mA tubes 
that were outside this process, but usual for series-
string operation from 240 volts. The non-registered 
“undocumented aliens” from Mullard and Telefunken 
were the 19BX6 (equals the UF80), 19BY7 (equals 
the UF85). 19FL8 (equals the UBF89), and the 
26AQ8 (equals the UCC85). “U” is the European 
indicator foir a 100.mA heater. 
 

Controlled-warm-up was introduced in 1960, to tubes 
that had been originally planned for series-strung use. 
Most earlier types controlled this way, for series-
string TV sets, had had the feature added ca. 1955. It 
is odd that the 100-mA line didn't have warm-up 
control from the start. 
 

Sylvania didn’t promote the new line in its Sylvania 
News, apart from mentioning in the January-February 
1961 issue that the 60FX5 had found its way into 
Arvin phonographs. RCA didn't document the new 
designs in the RCA Review. The various issues of the 
RCA Receiving Tube Manual show a series-string 
receiver with only the usual AA5 set. Promotion to 
the service industry was minimal: The September-
October 1960 issue of RCA Victor’s Plain Talk and 
Technical Tips plugged the virtues of these new types 
in only about 130 words, and that was all that’s been 
found there. However, late in 1960, RCA put out two 
Application Notes: AN-189, “New 100-Milliampere 
Tubes for 120-Volt Series-Heater-String Home Radio 
Receivers.” and, AN-190, “AC/DC Stereo Amplifiers 
Using Output Tubes Having 100-Milliampere 
Heaters.” 
 

  The U. S. renewal market picked up these types 
haphazardly. The 1961 Radio-Electronic Master 
shows CBS offering only the 18FX6 and 36AM3, 
while the Tung-Sol listing showed only the 18FW6 
and 18FY6. The 1962, 1963, and 1965 Amperex 
catalogs do not list them. 

(Continued from page 1)   
RCA Promoting Receivers 
 

RCA’s Application Note (AN) -189 claimed that a 
total string design for 120 volts would give some 
improvement in life because the 117 volts 
nominally found on the line was often higher. It 
also reported that the temperature at the top of the 
cabinet would drop 15 to 25 percent, allowing 
smaller cabinets or better acoustics by reducing the 
vent holes. (I observed a Fada Bullet Catalin 
receiver in which a heat-browned spot was right 
above the output tube.) It claimed that surge voltage 
at turn-on was about 10 percent above the rated 
voltage on the 18-volt types, vs. approximately 70 
percent for their 12-volt prototypes. 
 

The first receiver in the AN was an analog of the 
classic  “AA5.” The total power used was about 20 
watts at 120 volts, vs. about 26 watts at 117 volts on 
a traditional set. 
 

The AN also promoted a novel four-tube radio 
design. We are familiar with the usual simplified 
set: leave out the IF amplifier and make up for 
some of the lost gain by replacing the loop antenna 
with a wire “hank” to be uncoiled [1]. RCA’s new 
version deleted the audio triode amplifier. It 
proposed a ferrite rod antenna with an 18FX6 
converter, 20EQ7 IF stage and detector, 50FK5 
output stage, and 36AM3A rectifier. It reports that 
the 20AQ7 and 50FK5 had been developed 
specifically for this application. The 50FK5 was 
said to have slightly more power sensitivity (less 
drive voltage to give normal output) than the 
50EH5. 
  
RCA Promoting Small Phonographs 
 

AN-190 showed three amplifier designs. (Its title is 
a little unfortunate in referring to “AC/DC.” The 

(Continued on page 4) 
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phonograph would need a constant-
speed AC motor. And, in any event, 
DC power had disappeared from inner 
cities about 30 years before. “Series-
string” is better language.) 
 

The first amplifier was a two-stage 
lash-up with triode input stages (the 
halves of a 20EX7) and dual 34GD5s. 
It expected a high-output pickup 
cartridge like a ceramic type. Each 
channel would deliver a watt. 
 

The second was hot-rodded to 1¼ 
watts by changing the rectifier to a 
1N1783 silicon diode, slightly raising 
the B+. It was likely a little smaller 
and cheaper. The frequency response 
of these non-feedback designs was 
down 3 dB at 100 Hz and 20 kHz. 
Harmonic distortion ran 10 percent at 
50 to 4,000 Hz, but rose rapidly at 
higher frequencies. 
 

The third was simpler yet. It employed 
only a pair of 60FX5s and another 
1N1763. Output was 1.3 watts. The 
power sensitivity of the tube was said 
to be more than the 34GD5 gave, so 
no input amplifier was needed. The 
frequency response was down at 3 dB 
at 190 Hz and about 23 kHz. The 
distortion was 13 percent at 100 Hz, 
dropping to 9.5 percent at 1000 Hz, 
but snapping up to 15 percent at 10 
kHz. (We are not talking about high 
fidelity here!).  
  
OTHER MAKERS 
 

There were set-makers other than RCA and 
Sylvania. Of the microscopic sample in the local 
Repair Stock, there are a couple of 18FW6s branded 
Arvin and Du Mont, a 36AM3 carrying the GE  “dot 
“ date code, and a 60FX5 branded Webcor. Sure 
enough, the Arvin 5591 clock radio used them [2]. 
So did the Webcor 1012-1 portable stereo phono, 
with two 50EH5s, a buildout resistor for the heaters, 
and a silicon rectifier [3]. RCA Victor, for the 1961 
model year, made the RC-1202( ) printed-circuit 
board used in 1-RA-( ) basic radios and 1-RD ( ) 
clock sets [4]. 
 

To repair a radio with a bad tube, the available fix is 

(Continued from page 3) 

probably to re-tube with regular AA5s throughout. 
The pinouts are the same. 
  
End Notes 
 

1. L. A. Sibley,  “The All-American, er, Four,” Radio 
Age, April 1998, p. 1. 
2.  “Arvin Model 591 (Ch. 1.46700),”  Sams 
Photofact Set 473 Folder 5, February, 1959. 
3.  “Webcor Models 1012-1, 1013-1, 1014-1, 1053-1, 
1053-1A,” Sams Photofact Set 499 Folder 10, 
September, 1960. 
4.  “RCA Victor Chassis RC-1202K/L/M/N/P/R/T,” 
Sams Photofact Set 590 Folder 11, August, 1962. 
 

Top: Four-tube radio using 100-mA tubes; Bottom: Two-tube ste-
reo phonograph with the new tubes. 
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ONR officer described the need for a good low-
frequency audio amplifier whose gain was adjustable, 
but absolutely flat with frequency over the 5-Hz to 
“several thousand” Hz. Depending on the hydro-
phones to be employed with this instrument, gains of 
5 to 500 were desired. 
 

I took notes on what he seemed to require, and later 
went back to the VTVMs, planning to trace the 
VTVM circuit at an early point, hoping to use the 
design as a lab lesson and exercise later in Electron-
ics Lab.  The design was very simple, seen here in 
schematic form as Fig.1.  The 6N7 is a dual triode, 
with the cathodes for the two sections internally tied 
together, and the circuit acts as a differential ampli-
fier.  That simply means the two triodes in the 6N7 
are in very similar circuits and the voltmeter that they 
drive measures the difference between their two tri-
odes’ plates when the grids are fed the unknown volt-
age between two points,  via the probe and an alliga-
tor-clip-terminated meter lead, connected ultimately 
to the two triodes’ grids. On the way, the voltmeter 
leads’ circuits are passed through the scaling resistors 
that are set to the appropriate voltage scale on the 
meter face, plus a reversing switch.  The meter is set 
up as a voltmeter reading the difference in voltage 
between the triodes’ plates.  So the two triodes simply 
amplify and scale the  voltage found between its in-
put leads (the probe and alligator-clip lead).  Adjust-
ment to set the meter to zero when the meter leads are 
shorted together is accomplished by a balancing po-

(Continued on page 6) 

A BOUT the time the COVID-19 pandemic struck 
thia past spring, I got an e-mail from a MAARC 

member asking what the dickens an op amp was.  
Having just worked out some designs for op-amp-
implemented filters for an audio article (still not quite 
finished), I gave him a short description and referred 
him to look at selected web sites for ways to use 
them.  He thought he could use one that would make 
a good shortwave preamplifier for his radio.  This 
piece explores operational amplifiers (op amps’ full 
name) and their background and their past and present  
popularity in a number of fields. 
 

I guess it was about March 1950 that I started a part-
time job with the University’s Physics Department, as 
a lab technician.  My job was to repair (and create, if 
need be) apparatus needed for various Physics lab 
courses, including electronics, power engineering, 
acoustics, optics, and nuclear science, which was a 
brand new course offering, then-recently brought out 
by Physics Department after the A-bomb headlines, 
then less than five years previously.  As a separate 
issue involving my efforts rhe Department had re-
cently obtained a contract from the Office of Naval 
Research in underwater acoustics, and it required 
making up some amplifiers for the low audio frequen-
cies, from a few Hz to about 2000 Hz. 
 

My immediate job was to rebuild five vacuum-tube 
voltmeters (VTVMs) left over from the Navy V-12 
program at the university, a WW2 college curriculum 
relevant to Naval training , especially in electronics.  
The V-12 students had built the VTVMs from plans 
brought in from somewhere, and these meters used 
two tubes, a 6X5 and a 6N7.  They also used dog-
bone resistors from the 1930s, and in an instrument 
like a VTVM, which needs precision resistors to be 
able to read accurately the voltages in circuits, all 
these resistors would have to be changed, and the 
power supply power transformers had to be upgraded, 
since the original ones were not going to last long at 
their current ratings.  I quickly found good Stancor 
transformers in the Radio catalogs that would fit in 
the instruments, and had lined them up to do the re-
placement when the ONR Program Manager (a Navy 
Lt. Cmdr.) came in the lab accompanied by Cliff 
Pountney, one of the senior lab technicians.  The 

OP AMPS - THEN AND NOW 
BY ED LYON 

Operational Amplifiers (Op Amps) were the very heart of electronic analog computers.  And those computers 
ranged from breadbox-sized desk-toppers to three-story buildings-full. We still have op amps  today, too. 

Figure 1 
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I found the Department had already ordered four  of 
the series, and to that order I added Rad Lab Vol. 18, 
Vacuum Tube Amplifiers, by Valley and Wallman.  
Sure enough, there was a chapter on direct-coupled 
amplifiers , with a sizeable section on differential 
amplifiers.  Using the book’s  material as a base, I 
breadboarded an amplifier, starting with a VTVM 
front end, but made to accept inputs of either polarity.  
The V-12 VTVMs, of course, accurately really read 
only positive voltages, necessitating the use of the 
reversing switch which merely swapped the probe 
and ground lines, after scaling.  An amplifier able to 
work with a-c signals at any frequency would need 
another power source, producing voltages negative 
with respect to ground, so as to allow the cathodes to 
move into negative voltage territory.  This would al-
low input signals to run from d-c of either polarity or 
at a-c up to several thousand Hz,  depending on the 
balance between the two input triodes maintaining its 
good behavior in the amplifier as it did in the VTVM.  

The next step was to add more stages of amplifica-
tion, to get higher gain and to bring the output signal 
voltage span down to the same general ground refer-
ence as the input, rather than up there nearer B+ lev-
els.  To make the gain stable in spite of variations in 
the supply voltages, temperature, age, and other natu-
ral effects, considerable overall negative feedback 
would be used. 
 

The Valley and Wallman differential d-c amplifier 
schematic is shown here in Fig. 2.  The coupling of 
additional stages to attain higher net gain in a d-c am-

(Continued on page 7) 

tentiometer feeding B+ voltage to the two triodes’ 
plates.   
 

There was also a simple power supply, using the 6X5 
as a full-wave rectifier, and its associated filter ca-
pacitors and smoothing resistor, producing about 190 
to 200 volts of B+, plus 6 volts a-c for the two tubes’ 
heaters.  The outstanding problem with all these me-
ters was a very costly, but under-rated power trans-
former which had been overloaded regularly ever 
since the units were assembled, probably in 1942.  
The power transformers were apparently “borrowed” 
from some military gear at the time, and exhibited 
signs of having too few turns of wire on their prima-
ries, as they heated up even with all secondary loads 
disconnected.  A secondary problem with the meters 
was inaccuracy, caused by the use of 1930’s style 
dog-bone resistors in the scaling switch complex. The 
repairs were straightforward, since Stancor made a 
good power transformer that fit nicely, and the com-
putation of the resistor values needed was easy and I 
soon found precision type resistors of the right sizes 
in the Continental Carbon, Inc., catalog sheet.  After 
the systematic repair on all five meters, they all 
worked well, and were pretty accurate, having volt-
age ranges of 3, 10, 30, 100, and 300 volts, which 
matched the meter scales already so marked. 
 

But the differential amplifier used in those meters 
was interesting.  It never seemed to drift very much, 
once the unit was allowed to come up to operating 
temperature.  I could carefully adjust the zero knob, 
which adjusted the effective midpoint between the 
two 6N7 plates, and come back a day later and the 
needle was still on zero.  I began wondering if the 
addition of more amplifier stages might be possible 
to morph it into the ONR-project hydrophone ampli-
fier role.  I began searching for details of amplifiers 
that could operate at near-d-c input signals, and could 
utilize the differential amplifier front-end that I found 
in the VTVMs.  That senior lab technician, Cliff 
Pountney, suggested I look through the listing of new 
textbooks in the just-released Radiation Lab Series, 
and if any seem likely to have amplifier design mate-
rial, to order one, charged to the ONR contract.  What 
an idea! The military-industrial complex lives! 

(Continued from page 5) 

FOR THE RECORD: 

 
The current COVID-19 pandemic has forced the curtailment of all non-essential meetings and assemblies of 
persons, and that includes, of course, our radio club membership.  The October meeting consisted of a phone 
and internet-based ZOOM meeting, which was quite successful, with over 70 participants.  The  RadioActivity 
meet has been canceled but a large ZOOM meeting is the rule for the immediate future and it is advised that 
the maarc.org webpage be consulted to see the up-to-date schedule of our meetings and the next  convention. 

Figure 
2. 
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plifier can become tricky, if you have to bring the out-
put back down to ground reference.  Valley and 
Wallman show a simple technique in their amplifier.  
That is a resistor voltage divider coupling the input 
differential-triode stage’s plate to the next triode’s 
grid.  They also employed a negative power rail to 
drop the next stage grid down well below ground as a 
working reference.  Their voltage divider is good safe 
way to drop the d-c voltage from up around the plate 
supply level, seen on the differential stage’s output 
plate, down to a level somewhat below ground.  In 
doing this voltage division, of course, the signal is 
also reduced by the same proportion, so that there is 
no free lunch.  The net amplifier gain is thus cut 
somewhat by this voltage divider.  
 

There is a second method, used in many d-c amplifi-
ers in the war period for meters and other test instru-
ments, which is more clever.  It uses gas-filled cold 
cathode diodes (type NE-2), commonly known as 
neon bulbs, to couple to the next grid, which will drop 
and hold the d-c level about 60 to 80 volts per diode, 
without affecting the signal levels transported from 
that plate to the next stage’s grid.  Today, we have the 
luxury called zener diodes in place of neon bulbs, 
which act much like the bulbs, but are available in 
hundreds of values of voltage drop, from about 3 
volts per diode to well over 150 volts per diode. 
 

I noticed, also, that in the Fig. 2 am-
plifier, there is a connection between 
the output stage cathode (this is a 
cathode follower, used to make the 
amplifier more robust, and able to 
feed other loads) and the preceding 
stage cathode.  This is positive feed-
back, and raises the gain of the two 
triodes involved, and more than 
makes up for the voltage-divider loss 
in the preceding stage.  But without 
due care, this can be too-rewarding, if 
the feedback is sufficient to make the stage oscillate.  
Careful choice of the resistor size interconnecting 
these two cathodes is the rule, if we want to avoid 
oscillation.  This positive-feedback technique was 
used by George Philbrick in the 1950s in his famous 
K2-W and K2-X operational amplifiers, such as the 
one shown here in Fig. 3.  These Philbrick amplifiers 
also used the neon bulb coupling technique to avoid 
the losses in the first place, and became the first such 
amplifiers to be marketed commercially, for hobbyist 
and serious analog computer designer. 

Continued from page 6  

But the reader might wonder why we need so much 
gain in my Navy amplifier.  The answer is that it was 
to be part of a hydrophone installation used in bathy-
spheric research, and the amplifier characteristics must 
be well known and stable.  This calls for large degrees 
of negative feedback around the whole amplifier, mak-
ing the net gain reliant only on two precision resistors 
(which will set the feedback percentage), and not on 
the instant characteristics of the tubes, power supplies, 
temperature, or other components while in use, or be-
tween uses.  In an amplifier used for instrumentation, 
where accurate and stable gain is needed, and taken 
for granted,  overall negative feedback of a good frac-
tion of the output to the input, along with very high 
internal (open-loop) gain in the amplifier, itself, are 
required.  Implied here, of course, is the need to keep 
the phase shift within the amplifier well-behaved at all 
signal frequencies that the amplifier can amplify, so as 
to preserve the stability of the amplifier under all lev-
els of overall negative feedback.  That, of course, is 
what keeps the feedback negative, and not rotated 
around in phase, to become positive. 
 

So, although my 
hydrophone ampli-
fier started out with 
a front-end that re-
sembled the VTVM 
amplifier, I took the 
output from the 
second plate, and 
ran the first plate 
directly to B+, like 
Valley and Wallman 
suggested (Fig 4), 
thus making the in-
put stage a triode cathode follower, driving its 
grounded-grid companion triode via the intercon-
nected cathodes.  With both triodes now denied any 
deleterious Miller effects [1], that stage was now well-
behaved, and the next stage was built as a normal tri-
ode amplifier, having its input signal coupled to its 
grid via a pair of NE-2 neon bulbs.  They drop the sig-
nal down about 170 volts or so, to someplace nearly 
100 volts below ground thanks to the big B- supply.  
This  (third) stage needed to have its grid at that volt-
age, so its plate would wind up just below ground 
voltage, just as we wanted, because this stage was go-
ing to feed a final cathode follower whose output (its 
cathode, of course) would be quiescent at ground po-
tential, just like the input signal way back at the begin-
ning, four stages ago.  Meanwhile the gain of my 
overall amplifier was about 2000, which promised 

Figure 3 

Figure 4 



Radio Age  November 2020 MAARC’s web site: www.maarc.org         page 8 

 gain accuracy to a few tenths of a percent variation, 
in a 100% feedback situation.  The overall gain at 
that point would be unity, but raising the overall gain 
to , say, ten, could be done by feeding back one tenth 
of the output, rather than all of it, with a net accuracy 
of about 2 percent. 
 

The Navy wanted five percent gain accuracy at a net 
overall gain figure of 50, so we were close, but 
needed more internal gain.  So, prompted by Valley 
and Wallman, and trusting to the wartime research of 
the Radiation Laboratory at MIT, we added the posi-
tive feedback between the output cathode follower 
and the previous stage, that normal triode amplifier, 
using simply a high-value resistor, starting with 3.9 
Megohms, and going down bit-by-bit toward 0.3 Me-
gohm.  At some point, and I cannot tell from my 
notes of the period,  some value in there gave us well 
over 15,000 for the overall gain, and that was good 
enough to meet the Navy’s gain and accuracy needs.  
 
These d-c amplifiers became a habit with us in the 
lab, so we built some for use as precision meter am-
plifiers, making up several sorts of VTVMs for both 
a-c and d-c signals, and then inserted them into the 
brand-new Heathkit oscilloscopes that the Depart-
ment bought a year or so later, making these scopes 
real “d-c-to-light” performers, but made yet better by 
another lab technician, Charlie Good, who had been 
reading a different Rad Lab volume, number 19, ti-
tled Waveforms, by authors Chance, Hughes, et al.  
There he learned about really fine phantastron sweep 
circuits, and he replaced those in two of our Heathkit 
‘scopes.  So now we had ‘scopes that competed, at 
low to moderate frequencies, at least, with the fabled 
Tektronix scopes we were drooling over, but couldn’t 
afford.  
 
What we were doing here was building and using 
“operational amplifiers,” as they would ultimately be 
called (and abbreviated op-amp).  These are simply 
extremely high-internal-gain (and usually d-c cou-
pled) amplifiers intended to have large amounts of 
negative feedback, and designed to work from d-c to 
several kHz signal frequency, although they can also 
be found operating at much higher, even microwave, 
frequencies.  They are usually designated in sche-
matic form as a triangle pointing in the direction they 
amplify, as in Fig. 5, with the two differential inputs 
and a single output.   A simple circuit utilizing an op-
amp might look like Fig. 6, which adds a 1-Meg in-
put resistor and a 2-Meg feedback resistor both feed-
ing the “inverting” input of the op-amp.  As an exam-

ple, we will let 
a 1.5-volt AA 
cell provide a 
+1.5 volt d-c 
input to the 
input 1-Meg 
resistor.  The 
non-inverting 
input terminal 
is grounded. 
With the two 
resistors con-
nected as shown, the gain of the overall setup is minus 
2, even though the internal gain of the op-amp might 
be 15,000 or so.  The minus terminology is used to 
indicate that whatever is fed to the inverting input will 
be reversed in sign when amplified with this amplifier.  
With this high internal gain, the amplifier will always 
try to produce 
sufficient out-
put to make 
the net signal 
on the invert-
ing input and 
non-inverting 
input very 
nearly the 
same (within 
one part in 15,000, that is).   Since the non-inverting 
input is zero (grounded), the inverting input will be 
driven to essentially zero, as well, by the feedback 
voltage, requiring the amplifier output to become two 
times -1.5 volts, or -3.0 volts. 
 
So we have a polarity-inverting amplifier with a gain 
of two.  To get a gain of, say, 5, instead, we could sim-
ply replace the feedback resistor with one of 5 Megs.  
Or else, reduce the input resistor to 0.4 Meg, instead, 
and the output will become -7.5 volts, almost pre-
cisely.  The amplifier could produce probably as much 
as 40 volts at either polarity, depending entirely on the 
size ratio of the two resistors, and could deliver up to 
perhaps 2 milliamperes of output current to a load. 
And it would be stable for all inputs and resistor ra-
tios, provided we do not overload the output cathode 
follower stage.  The Philbrick K2-W, for example, was 
employed as a video amplifier for many projects 
where I was employed, and, of course, now they are 
all transistorized, and many are monolithic, and 
packed several on a chip. 
 
The op amp can perform simple addition and subtrac-
tion, by using additional input resistances, as in Fig.7.  

Figure 5 

2 Meg 
1 Meg 

Figure 6 
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If all these rsistance elements are the 
same value, say 1 Megohm, and the 
feedback resistance is also 1 Me-
gohm, the algebraic addition of all 
applied input voltages will be accom-
plished, and expressed as the output 
voltage, resersed in sign.  With all 
input resistances still at 1 Megohm, 
and the feedback resistor fixed at 2 Megohms, the 
output will be twice the sum of all inputs, reversed in 
sign.  In Fig. 7, if all input resistances were 1 Meg 
and two of the inputs were fed +1 
volt and the other two were fed -1 
volt,  the output would be zero, no 
matter what size feedback resistor 
was used.  This op amp is perform-
ing true algebraic addition, while 
simultaneously scaling (weighting) 
the inputs and net sum by coeffi-
cients selected by the user, namely 
the input and feedback resistance 
values. 
 
These amplifiers became the backbone of analog 
computers, throughout the 1950-1970 period.  Analog 
computers were most useful in simulation – building 
a model of some complex operation to explore better 
ways of doing the operation, or teaching how things 
work.  In op-amps, it is not necessary to use simply 
resistors as input and feedback elements, although 
they are the simplest to understand.  
For example, to add the waveforms of 
several different signals, they could 
be fed to an op amp, each via its own 
scaling resistor, and their algebraic 
sum would appear at the output (but 
inverted in sign), each input wave-
form weighted exactly as their input 
resistances dictated, and the amplifier 
output would be scaled in amplitude 
by the size of the feedback resistor.  In simulation, 
though we often need to apply calculus to find the 
answer to a problem, not just addition and subtrac-
tion.  Using op amps, one can utilize a capacitor in 
place of an input resistor, yet keep the feedback path 
purely resistive, as in Fig. 8, making the assembly 
calculate the rate of change (or time differential, in 
calculus) of the input signal.  A steady input yields no 
output at all, whereas a rising input voltage will cause 
the output to drop to a negative voltage (remember 
the output is at the opposite sign WRT the input)  pro-
portional to the rate of rise of the input: a quickly 

(Continued from page 8) rising voltage produces a large 
negative output, whereas a slow rise 
yields a smaller negative voltage.  If 
we didn’t want the output to be in-
verted, we could add a second op 
amp with input and feedback resis-
tors to re-invert the first op amp’s 
output, scaling it for a convenient 
magnitude at the same time, through 

resistor size management. 
 
The inverse to calculating the time rate of change of a 

variable is integration over time.  
So if we use a capacitor as the 
feedback element, and use a resis-
tor as the inverting input element, 
as in Fig. 9, we have an integrator, 
rather than the differentiator just 
mentioned above.  If we input a 
voltage proportional to the speed 
of a car to the input, via a resis-
tance, and use a capacitor feedback 

element, the amplifier output will drop negatively, at 
a rate proportional to the speed, thus computing the 
distance traveled.  The scale of the result will be de-
termined by the size of the resistor and that of the 
feedback capacitor.  Their product, in Megohms and 
microfarads, is the time to do a nearly full integra-
tion, in seconds.  If the input voltage (speed) is kept 
applied longer than this length of time, the amplifier 
output could be in danger of running out off-scale.  

For this reason, simple simula-
tions of this type  have to be 
thought out before the simulation 
is started, or the op amp can run 
up against the limits of its output.   
In a typical simulation, a force 
applied to a unit mass causes the 
mass to accelerate and when this 
is integrated, the result is the ve-
locity of the mass, and a second 

stage of integration will yield the distance the mass 
traveled as a result of the force.  But a more realistic 
simulation would have also include things like fric-
tional forces, air resistance (drag forces), that grow 
with the first integration (integrating the engine’s 
traction force to find the resulting velocity), since 
these retarding forces increase with velocity-squared 
in most cases. Furthermore, after the second integra-
tion, the road may go uphill, so that we get a compo-
nent of gravity as another retarding force. 

(Continued on page 10) 

Figure 7 

Figure 8 

Figure 9 
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All of these sources of retarding 
force should be included in the 
simulation, so that the resultant 
computer to figure the distance trav-
eled on a realistic roadway through 
use of a specific engine thrust or 
traction force, in a given time pe-
riod, say , in a drag race, can be eas-
ily created by the use of op amps 
and a handful of resistors and ca-
pacitors.  Thus it is easy to see how 
an analog computer would be used 
in a field like flight simulation, 
where we can measure the forces 
produced by engine thrust, we can 
calculate the forces countering this thrust, like drag, 
and climbing against gravity, and centrifugal forces 
of aerobatics, and by means of integration determine 
the speed of the aircraft, and the distance flown after 
a second integration.   
 
Full flight simulators were developed by such com-
panies like ERCO, in Riverdale, MD, during the 
1950s -1960s, found to be vital in training crewmem-
bers in the flight and operational characteristics of 
specific models of aircraft under various extremes of 
operating and environmental conditions.  Simulators 
were critically needed for aircraft carrying a single 
flyer, with no co-pilot seat to facilitate training new 
would-be pilots.  But they had to be realistic and ac-
curate in every response. 
 
The op amp helps make simulation of complex proc-
esses, like flying an aircraft, or executing a military 
mission like finding and combating enemy subma-
rines, possible, but the equations covering the opera-
tion of these type problems requires more than addi-
tion, subtraction, and the calculus operations of inte-
gration and differentiation – primarily one additional 
mathematical operation, multiplication, along with its 
reciprocal, division.  The op amp is a linear device, 
and cannot multiply or divide numbers (or voltages).  
Many techniques for approximating these two func-
tions have been used in analog computers, but are 
complex and expensive, especially when there are 
many instances of multiplication or division required 
in the equations to be mechanized by the analog com-
puter.  In flight simulation, there are many such re-
quirements. 
 
So, after college, where I tinkered with lab instru-

(Continued from page 9) 

ments, Navy amplifiers and hydrophones, and teach-
ing, where did I end up?  In that flight simulator fac-
tory in Riverdale.  There, we designed and built hun-
dreds of massive training simulators, usually con-
structed around the cockpit of a wrecked aircraft plus 
an instructors’ room and consoles, and all the racks of 
op amps and other calculating devices.  In a typical 
flight simulator, such as the Model S-2A, which emu-
lated accurately the characteristics of the F-86D Sa-
brejet interceptor aircraft, these were about 15 pri-
mary integrators and 89 summing (and subtracting) 
amplifiers, but there was a requirement of over 100 
instances of multiplication or division of one quantity 
by another.  How were all these handled? 
 
First, the op amps we used in those flight simulators 
were not d-c amplifiers at all, but, instead, were de-
signed to work with 60-Hz a-c signals.  A special 
power transformer and its filter components produced 
two 60-Hz sources having refined sine-wave-shapes 
at exactly 50.00 volts rms, and exactly180º apart in 
phase.  In the usual analog computer there are two 
standardized d-c sources, one positive WRT ground, 
the other negative, and usually 10 or 20 volts in mag-
nitude, and all the signals in the computer are based 
and referred to these two sources.  The two 50-volt 
60-Hz a-c sources in our flight simulators had that 
same role, and one (the one considered positive) was 
exactly in-phase with phase 1 of the prime power , 
which was 208/120-volt three-phase commercial 
power; the other was exactly 180 degrees out of that 
phase.  The main advantage of using 60-Hz a-c rather 
than d-c was the ease of executing multiplication and 
division with 60-Hz servo motor-shafts, carrying po-
tentiometers.  These were precision linear potenti-

(Continued on page 12) 

Figure 10 



Radio Age  November 2020         MAARC Meetings via ZOOM     page 11 

1. Jim Wilson sends his greetings to 
MAARC members, since many of us 
haven’t seen Jim in years.  He has re-
covered quite well from the devastat-
ing car crash in Texas, and will be as 
mobile as any of us once the pandemic 
is under control.  He has again found a 
rarity, shown here: 

It’s a one-tube Hjemdal radio with two amplifiers, 
possibly an RF type and an audio type, apparently 
made in Denmark in the 1920s.  It uses tubes likely 
made in Budapest.  Any additional or corrective info 
anybody has will be welcomed.  Call Jim or e-mail 
this editor. 
 
2. We have had a flurry of restoration problems crop 
up since the COVID-19 pandemic got serious.  
Many MAARC members are getting more serious 
about restoration, being cooped up much of the 
time.  Her are some we have been working with re-
cently: 
 
A. The radio is an Emor Model 100, which is the 
only Emor set listed in Nostalgia Air, and its sche-
matic in Rider’s is far more inaccurate than one the 
restorer found belonging to a General Electric radio.  
Both are AA5s, and the differences are in details, 
like AVC method and component values.  The Emor, 
incidentally is a highly unusual “Globe” radio. 
 
B. Restorer noticed radio exhibiting high hum levels 
traceable to the output tube having heater-to-cathode 
leakage.  He described the problem as “yet another 
43 heater-cathode problem.”  He amplified this by 
reciting many such cases over the years, and it’s pe-
culiar to the type 43.  He wondered why the 25L6 
seldom has that problem, as the two have many 
equivalent features.  Must be the age of the tube de-
sign. 
 

 

Tidbits 
C. Then there was this Grunow 501 that had been ser-
viced (several times) before, and came equipped with 
a solid-state version of the 25Z5.  The information on 
that unit was a little vague, but the device didn’t seem 
to have any internal components to take up the 25 
volts worth of heater that the original tube dissipated,  
Again this was an e-mail facilitated restoration assis-
tance, so it is unclear what was actually going on in-
side that solid state device.  While pondering over it, I 
tried a few ideas that have been talked abouit recently, 
such as installing 1N4007 silicon diodes to replace the 
25Z5 diodes, and then include an a-c capacitor of suf-
ficient size and voltage rating to absorb the equivalent 
of 25 volts at 300 milliamperes the tube’s heater 
would have used.  The math shows that an 8 uF, 250 
Va-c capacitor would do that job.  All would fit on a 
plug-in substitute for the 25Z5, and would dissipate no 
heat.  And no other ballast would be needed. 
 
D.  The recent Super Show-’n’ -Tell session that 
MAARC hosted (on 
Zoom) had an interesting 
radio:  This was described 
as a “Mel-O-Dyne” ob-
tained at a radio meet in 
southern Pennsylvania in 
the late 1980s.  All compo-
nents and the Audion are 
deforest products, and the 
whole thing was bought on 
the spot for about $400.  
Not a bad buy.  But the 
cabinet was immediately 
recognized as virtually 
identical to my microscope 
cabinet in second-year pre-
med college, and the seller agreed, and said he had 
made the whole thing up from deforest parts and the 
cabinet from a yard sale.  He never misrepresented the 
set as original from deforest, but instead, was proud of 
the workmanship he had put into it.  I later found out 
that he had made several other very good replicas of 
rare sets and old radio-pioneer’s experimental setups.  
He called all of them Mel-O Dynes.  I’m speaking of 
the late Mel Comer, a wonderful old collector and stu-
dent of the old radio masters, like deforest, Armstrong, 
and Atwater Kent.  He never, to my knowledge, tried 
to sell one as genuine, calling them all Mel-O-Dynes. 
Thank you, Mel, wherever you are. 

Please continue on page 14. 
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ometers [2] that had exactly 320 degrees of rotation.  
If we allow a pot at full rotation, 320º, to represent 
the quantity 1.00, then backing the pot down to 160º 
rotation, the wiper is at the value 0.50, which is the 
product of the wiper rotation fraction and the value 
of the signal fed to the top of the pot, the bottom 
assumed to be grounded.  So, to multiply, generally, 
one drives the servo-motor and its shaft filled with 
stacked potentiometers to a rotation point that is 
considered the multiplier [3], and feed the top of one 
of the potentiometers with a signal voltage repre-
senting the multiplicand, and the voltage appearing 
at the wiper is the product of the two.  Fig. 10 shows 
two of the servo shafts in the F-86D simulator, one 
representing the quantity alpha, or angle of attack, 
which is the aircraft’s nose-up angle that gives the 
wing the proper lift for flight.  For contrast, the fig-
ure also shows the simple ice accumulation servo 
shaft, representing ice thickness on the aero sur-
faces, the rate set by the instructor. Note that alpha 
has 8 potentiometers stacked on the right in two 
stacks, implying that there are about that many re-
quirements for alpha (or an alpha function) to be 
multiplied by some other quantity.  Notice that most 
of these pots have many wires going to their ele-
ments, not just the simple three (top, bottom, and 
wiper).  These are tapped potentiometers, having 
custom-made taps at various points so that precision 
shunting resistors can be added between taps to 
make the pot output have a nonlinear relationship to 
alpha.  In aerodynamics most of the functions are 
non-linear, and much of the designer’s effort is spent 
in devising potentiometer response shapes that 
match the wind-tunnel-derived data supplied by the 
aircraft manufacturer or test squadron’s data. 
 
To drive each of the two-phase servo-motors, a 60-
Hz audio-type power amplifier using push-pull 6L6 
output tubes feeds a computed signal, at 60 Hz, of 
course, to one motor winding while the other is fed 
from the 60-Hz phase 1 power line.  The motors also 
drive  a drag-cup generator whose output is a 60-Hz 
signal whose amplitude is proportional to the motor 
speed.  This generator fed a signal back into the 
servo-motor power amplifier, to act as rate feedback 
for the servo when it was doing integration, and to 
rate-stabilize it when it was not integrating, but rep-
resenting a computed quantity, instead, like alpha, as 
noted above.  In that case one of the potentiometers 
was employed as the position feedback, to stop the 
servo shaft when the computer quantity (alpha, here) 
was reached by the motor-s rotation.  Thus, in a-c 
analog computers, the op amps operate on low fre-

quency a-c, such as the power line (or in some in-
stances, on 400-Hz power, utilizing aircraft compo-
nents more universally).   Nowadays, one would likely 
operate all the analog computer elements on d-c, using 
transistorized op amps, and multiplication and division 
might still be done by tiny d-c servo motors and their 
shafts filled with potentiometers. 
 
It is also possible that the aerodynamic equations gov-
erning flight and maneuvers can be re-worked with far 
fewer cases of required multiplication .  This might be 
almost impossible, however, since at ERCO, one of the 
later simulators, that for the KC-135 four-engine refuel-
ing tanker for the Air Force, such an attempt was 
started, and the result was a need for yet more cases of 
multiplication.  The KC-135 simulator’s Mach servo-
shaft (where 0 was standing still, and 320º represented 
Mach 1.1 sometimes reached in a dive at very high alti-
tudes)  had to carry some 53 potentiometers.  They rep-
resented such a torque overload requirement on the 
Mach servo-motor, which was operating as an integra-
tor, that this servo was changed to a position servo, in-
stead, which has much higher gain, and a second Mach 
servo with only two potentiometers was used as the 
integrator, and one of its pots generated a position sig-
nal for the large Mach servo (with all the pots) to fol-
low as a position servo.  Later in the design, tis large 
“Mach follower” servo was again reduced in size by 
adding a second Mach follower servo, and half of the 
pots were shifted to this second follower. 
 
Some idea of the size and complexity of the F-86D 
flight simulator can be found by reference to the overall 
training manual block diagram, reprinted here as Fig. 
11.  In addition to simulation of all the aerodynamic 
and handling characteristics of the F-86D aircraft that 
S2-A model simulator also contained full simulation of 
the aircraft’s radar system, and included simulation of a 
second aircraft, flown as a target for the F-86D to shoot 
rockets at.  This “target plane” was flown by the radar 
instructor, from his desk inside the instructors’ room of 
each simulator (Fig. 12). 
 
How would we do simulation of aircraft flight and op-
eration, today?  Not with analog computers, but with 
modern digital computation and imaging.  A few train-
ing simulators exist in the world, usually owned and 
operated by flight schools and major airlines.  These 
systems are massive, and are as complete as our analog 
ones ever were, and also quite expensive.  And almost 
unique.  There are but a few for each major model of 
currently operating commercial aircraft, and a few rep-
resenting the latest military planes.  In the analog days, 
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such as at ERCO, there were over 30 F-86D simula-
tors at Perrin AFB, in Texas, and 33 at Tyndall AFB 
in Florida.  The F-86D simulator was redesigned for 
an additional quantity of 14 for a variant of that air-
craft, the F-86K, which was used by NATO countries. 
 
So is there any future for analog computers, in the 
modern world?  And op amps, are they useful?  Op 
amps are still in demand, and are still here today.  
They have all been cast in solid state, of course, and 
in integrated circuits.  And they can be very inexpen-
sive – or expensive, depending on capabilities they 
offer.  The very popular type μa741 can be purchased 
for less than a dollar, and there are versions of this 
model that fit two on a 8-contact DIP chip, or four on 
a larger DIP format.  These are d-c op-amps, of 

course, since probably nobody makes ac models to-
day.  Still, the modern op amp can amplify a-c sig-
nals, and there are models, at modest cost (a few dol-
lars each) that can perform good, accurate amplifica-
tion of signals up to several hundred MHz.  So they 
find themselves incorporated in hobbyists’ RF pre-
amplifiers, active antennas (those with built-in ampli-
fiers to cancel losses), and active spectral filters.  

Figs.13-16 show the schematic and performance of 
two versions of such an active audio filter, this one a 

Figure 11 

Figure 12. Radar Instructor’s console; the instruc-
tor monitors pilot performance and sees the same 
displays as the pilot. He also flies the target plane. 

Figure 13, 2-pole filter 

Fig. 14, Fig 13 performance  
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low-pass filter designed to cut off all signals above 
15 kHz, for example.  The two versions employ dif-
fering numbers of filter poles, one using two op 
amps and the other using four op amps. [4] The filter 
could also readily be designed as a high-pass filter, 
cutting signals below 50 Hz perhaps, to remove turn-
table rumble from an audio system.  The design of 
these filters has been automated and several web 
sites will design a filter for custom bandpass or band 
rejection, all implemented with modern op amps.  
Along with the final design schematic, some of these 
will offer the band pass/reject characteristics, and 
suggest more or less complex filters, to obtain 
sharper or less sharp boundaries between pass and 
reject, as desired by the user.  One of these web-
based offerings is called Texas Instruments’ Filter-
Pro. 
 
End Notes: 
[1] The Miller effect, caused by plate-to-grid capaci-
tance in an amplifier triode, was explained in Radio 
Age, January 2014 issue, pages 1, ff.  The article is 
“An Orioles’ Double-Play – Armstrong to Miller to 

 

Winther.” 
[2] Some servos represented aircraft flight pa-
rameters like heading angle, roll angle, and pitch 
angle, which had to be able to rotate through 
360 degrees, and therefore had no stops at all.  
These seldom carried potentiometers of the 
usual 320-degree span, but carried, instead, syn-
chro-generators  and sometimes, 360-degree 
potentiometers that had sinusoid-shaped output 
characteristics because of sine-wave-shaped re-
sistance cards.  
[3] If the multiplier function is in the form of a 
voltage that feeds a servo-motor power ampli-
fier, that servo motor will have an “answer” po-
tentiometer dedicated to control how far the mo-
tor drives all of its potentiometer wipers.  This 
answer pot is fed with the standard reference a-c 
voltage having a polarity opposite to that of the 
multiplier signal, so that its wiper, which feeds 
its output to the servo-motor power amplifier 
will reach exactly the voltage opposite from that 
of the multiplier and stop the motor.  At that 
point, all the potentiometers on that servo shaft 
will be multiplying their input signals by a func-
tion of that multiplier, since at that moment the 
answer pot output cancels, exactly, the multi-
plier, and stops the motor. If all the pots are lin-
ear, then all their inputs are multiplied by that 
multiplier.  Usually, however, most of the pots 

are multiply-tapped and have shunting resistors to 
shape their output functions WRT rotation. 
[4] These are snapshots on a CRT screen on which 
these data are displayed.  Sorry for the poor picture 
quality. In the performance curves the arrow points 
to the amplitude vs frequency plot.  The other plots 
are phase shift and delay of signals passing through 
the filter.  Audiophiles like equal delay through fil-
ters, for all frequencies passed. 
 
 
 
 

Figure 15. 8-pole 
low-pass filter 

Fig. 16, The 8-
pole filter’s per-
formance, below 
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Antique Radio Repair :   30 
years experience in repair of 
antique radios and tube equip-
ment.  Reasonable Rates.   Jay 
Forbes, Ashburn, VA,  703-729-
9432. Email: jfradio@aol.com; or 
web: www.jfradiorepair.com 
 
For Sale: 
 Photocopies of DOD publication 
on tube tester Models I-177, I-
177A, I-177B, and socket adapter 
MX-949/U (the external plug-in 
unit for testing transmitting and 
other tubes with sockets not in the 
I-177). 20-page 8.5 x 11 document 
contains instructions for these tube 
testers and the adapter, schematic 
and other info, and test data for 
many more tubes than are listed in 
the small book in the lid. $8 
postpaid in U.S.A. All proceeds 
benefit the Museum. Check 
payable to NCRTV Museum--mail 
to NCRTV Museum, PO Box 1809, 
Bowie, MD 20717. Or, order at 
ncrtv.org and pay via Pay Pal. 
 
 

Wanted: 
Geiger Counter aficionados – I 
would like to correspond w/ 
members interested in 40’s to 50's 
vintage Geiger Counters. I’ve 
managed to repair a couple of ‘em, 
including one made by HEATH, and 
would be pleased to discuss the trials 
and tribulations encountered. Please 
e-mail, snail-mail or telephone! 
 
Stephen Imms  
6035 E. Pine Crest Ct, Cornville, AZ 
86325; 928 852 0881; Email 
steveimms@cableone.net 
 

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

WANTED: 
Wanted: Audio magazine January 
1987, any condition. Cash paid. 
 Thanks -- 
John Okolowicz, (215) 542-1597, 
john@grillecloth.com.  
 
For Sale: Manufactured vintage 
radio furniture combinations: 
breakfront, chairside, revolving 
drum table, lamp. Home furnish-
ing investments you and your  
spouse will be proud of. Gerald 
Schneider, 3101 Blueford Road, 
Kensington, MD 20985-2726, 
Phone:(301) 929-8593. 
 
SALE: 
Ampex 351-2 Stereo Recorder In 
portable Cases with many spare 
Parts,  $450. 
Hallicrafters S 76 Receiver   with 
Speaker, $125 
Harvey-Wells Bandmaster Transmit-
ter, $75 
Misc EYE tubes loose 3-
6HU6/EM87, 2-6E5, 1-6U5 NOS in 
Box 
Transmitter Tubes 1- 83 NOS, 
Boxed, 2-6146 NOS, Boxed, 2-807 
NOS Boxed, 
2- 812, 1 boxed, 1 loose, 1 2A3, 
Boxed,  3- 45, Boxed, 1-B759 Gold 
Lyon NOS, Boxed 
1-860-VT17 loose, 1-10Y loose,  2-
211 loose, Videcon 8507A  NOS 
Boxed 
1-2BP1CRT, loose. Make offers on 
tubes of interest. 
Gordon Graves ph: 410-266-5404 
Timeman595@aol.com  
 
 
 

 
 
 
 

For Sale:  Reproduction knobs, push 
buttons, tabs, and various rubber 
parts for  
vintage/antique radios. Many parts 
aren’t found anywhere else. (Latest 
product:  
Rubber feet for Zenith table-tops.) 
Go to www.RenovatedRadios.com to 
see the full selection of radio parts.  
 Ed Schutz  
http://www.RenovatedRadios.com  

Last minute Tid-Bit: 
 
Another repair by e-mail case:  One 
more “wireless broadcaster” type 
device brought up some questions 
from a restorer:  This was another 
one very much like that Zenith or 
RCA model that was so popular as a 
wireless phonograph.  The clue to its 
poor output was revealed in the Rider 
notes: Wors best if its antenna is 
wrapped around the receiver’s an-
tenna, or connected to the receiver’s 
antenna post. 
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MAARC Your Calendar! 
MAARC meetings are held on the third Sunday of each month, unless 

specifically changed by the Board.  Watch these pages 
and MAARC.org website for any such changes. 

 RadioActivity 2020, our major radio/audio/ham meet, 
was canceled, but monthly meetings via ZOOM (with 
either computer and/or telephone attendance) will be 
the rule until the COVID-19 pandemic has subsided. 

The November 2020 ZOOM meeting will be held on 15 November, 2020. 

The December 2020 ZOOM meeting will be held on 20 December, 2020. 

To attend these meetings, held via Zoom, follow these instructions: 

On your computer, go to www.zoom.us 

COMPUTER: Click on RESOURCES and download the appropriate Zoom 
client for your computer. Just before the scheduled meeting start 
time, start the Zoom client on your computer, and use this 
number as the meeting ID:  871 9732 6013 

PHONE: If you are dialing in on phone instead of computer, use any of 
these numbers: Maryland: (301)715-8592;  New York: (929)205-
6099; Chicago: (312)626-6799; TX: (346)248-7799; CA:(669)
900-6833; WA: (253)215-8782. 

 When prompted, enter  871 9732 6013 on the phone keypad. 
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